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ABSTRACT Thirty median sacral arteries (19 males and 11 females) that ranged from 34 to 66 years old (mean
age, 50.8 years) postmortem specimens were studied. Sections of formalin-fixed vessels were stained with hematoxylin
and eosin. The measurements obtained included tunica media thickness and external diameter of the median sacral
artery. The external diameter of the median sacral artery was 1315.06±291.18μm for males and 1389.31±243.06μm
for females. The tunica media thickness of the median sacral artery was 210.81±50.43μm for males and
256.35±31.41μm for females. Females have greater external diameter and tunica media thickness. The difference
between the tunica media thickness of the median sacral artery for male and female was statistically different (P
Â0.05).

INTRODUCTION

The median sacral artery (MSA) is a small
artery that arises at the bifurcation of the aorta
(Snell 2008). It descends in the midline, anterior
to the fourth and fifth lumbar vertebrae, sacrum
and coccyx, ending in the coccygeal body. It
often gives off a small lumbar artery (arteria lum-
balis ima), minute branches of which reach the
rectum (Williams 1995). Small and short MSA
branches penetrating the posterior wall of the
rectum and participating in its vascularization
have long been documented (Widmer 1955; Pearl
et al. 2014). Anterior to the last lumbar vertebra,
the MSA anastomoses with a lumbar branch of
the iliolumbar, anterior to the sacrum it anasto-
moses with the lateral sacral arteries and sends
branches into the anterior sacral foramina (Will-
iams 1995). In addition to the lowest lumbar and
the right and left lateral sacral arteries, the MSA
gives rise to a variable number of branches that
pass forward beneath the peritoneum or sigmoid
mesocolon to the rectum, where they anasto-
mose with other rectal arteries (Lee et al. 2004).
While small in caliber, the MSA continues to
exhibit typical aortic features, and it provides in
particular paired inter-segmental arteries for the
vertebral levels caudal to the so-called aortic
bifurcation. Depending on its point of origin and
the importance of these vertebral contributions,

the MSA may appear as a small isolated artery
or as a trunk providing one or both of the L4 and
L5 intersegmental arteries (Pearl et al. 2014). Since
it can branch off anterior or posterior radiculom-
edullary arteries (Merland and Chiras 1981), the
MSA is routinely evaluated during diagnostic
spinal angiography (Pearl et al. 2014). An iatro-
genic median sacral artery is considered to be
very rare. Zahrani and Peck (2016) reported a
median sacral artery injury following a bone
marrow biopsy. Young et al. (2014) reported a
median sacral artery iatrogenic injury during
percutaneus mechanical disc compression.

This study aimed to examine external diame-
ter and tunica media thickness of the median
sacral artery and their relationship to the gen-
der, weight and height of the subjects.

MATERIAL  AND  METHODS

For the present study, thirty adult (19 males
and 11 females) aorta specimens that ranged in
age from 34 to 66 years (mean age, 50.8 years)
were collected from the Istanbul Forensic Med-
icine Institute morgue. Thirty MSA were re-
moved from abdominal aorta and used for this
study. The specimens were from patients dying
from traumatic and accidental causes. Measure-
ments were carried out in Kocaeli University,
School of Medicine, Department of Anatomy and
Histology.
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Tissue Processing, Staining and Examining

The MSA was excised from abdominal aorta
at the midpoint of its length. One-half micron
thick sections were cut transversely in a plan as
nearly as possible perpendicular to the vessel
wall. Fixation was performed to the all vessel
tissues by ten percent neutral buffered formalin
solution (NBF, approximately 4% formaldehyde)
for 48 hours and the routine tissue processing
steps were treated as follows. Tissues were
placed into cassettes and washed in tap water
for 8 hours. They were incubated overnight on
seventy percent ethyl alcohol solution. Then,
they were kept in eighty percent, ninety percent
and one hundred percent ethyl alcohol for 2
hours. Tissues were waited in xylene I and II (30
minutes) after gentle shaking in xylene. After
they were kept in 1:1 ratio xylene-paraffin mix-
ture for 30 minutes in 57 °C, tissues were al-
lowed to stand overnight in an oven at liquid
paraffin. Specimens are embedded in paraffin
using embedding rings and orienting tissue to
area of interest. Blocks are placed at 4°C for 15
minutes to solidify. The cross-sections were cut
from paraffin blocks with a microtome (Leica
2000R) in series of 4μm thick and they were

mounted on glass slides. Slides are allowed to
dry in a 37°C oven overnight before staining
takes place (Bancroft and Cook 1984). Then he-
matoxylin and eosin staining was performed on
the slides for routine examination. The follow-
ing procedures were performed for hematoxylin
and eosin stain (Fig. 1). Sections were kept in
Xylene I and Xylene II for 20 minutes after being
waited in an oven for 2 hours at 57 °C and depar-
affinization was provided. Specimens were
passed through descending series of ethyl al-
cohol (100% - 90% - 80% - 70%) and they were
washed in distilled water for 10 minutes. Sec-
tions were then stained with Harris hematoxylin
for 5 minutes. They were washed in running tap
water for 10 minutes. Sections were dipped in
acid alcohol solution, washed in tap water again
for 5 minutes and then stained with eosin for 3
minutes. They were washed in running tap wa-
ter for 10 minutes. Specimens were passed
through ascending series of ethyl alcohol (70%
- 80%- 90% - 100%). They were cleared in Xy-
lene III and IV for 20 minutes. Sections were
mounted under glass coverslips with an aque-
ous mountant (Entellan- Merk). Preparations
were examined under a light microscope (Olym-
pus CX-41RF). All of the sample images in this

    Fig. 1.  The median sacral artery stained with hemotoxylin and eosin
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study were taken with a camera (Olympus DP26)
using the Cell Sense Entry version 2.0 morpho-
metric analysis software (Empix Imaging Co.,
Mississauga, Canada). The thickness of the tu-
nica media and external diameter of the median
sacral artery were measured using this program
(Figs.  2 and 3).

Statistical Methods

The means, standard deviations, and ninety-
five percent confidence intervals were calculated
for the data. The independent sample t-test was
used to compare the variables between males and
females. The significance level was set at 0.05.

      Fig. 2. The external diameter of the median sacral artery

      Fig. 3. The tunica media thickness of the median sacral artery
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Pearson correlation coefficient was used to ana-
lyze the correlation between the variables.

This study was conducted according to the
guidelines of the Declaration of Helsinki, and
was approved by the ethics committee of the
faculty.

RESULTS

Males were found to be significantly higher
(P = 0.001) compared with females. There were
no significant differences between males and
females for weight (P=0.545). The mean external
diameter and the mean tunica media thickness
of all 30 MSA were 1345.86±268.77μm and
228.45±48.62μm, respectively. The mean MSA
external diameter in the males and females were
1315.06±291.18μm and 1389.31±243.06μm, re-
spectively (p<0.05). The mean tunica media thick-
ness of MSA in the males and females were
210.81±50.43μm and 256.35±31.41μm, respective-
ly. There is statistical difference in tunica media
thickness of MSA between males and females
(p= 0.012) (Table 1). The tunica media thickness
was correlated positively with diameter both, in
males and females, (p= 0.002 and p= 0.004 re-
spectively). Height and weight of females were
correlated positively with each other (P=0.004

and P=0.046 respectively). There were no corre-
lations between tunica media thickness of MSA
and height both in male and females. There were
no correlations between tunica media thickness
of MSA and weight both in male and females
(Table 2).

DISCUSSION

It is commonly accepted that the MSA anat-
omy is important for prevention of intra-opera-
tive bleeding. Samudrala et al. (1999) underscored
that the median sacral artery (MSA) was one of
the most vulnerable critical structures at risk dur-
ing anterior lumbar surgery. It must be identified
and controlled when the anterior L5-S1 disc space
is approached (Tribus and Belanger 2001). Ante-
rior approaches to the lumbar spine have gained
popularity in treating a multitude of pathologies,
including deformity, degenerative disease, trau-
ma, infection, and tumor. The most commonly
accessed disc spaces with the anterior approach
are those at L5-S1 and L4-5. The L5-S1 disc space
is posterior to the MSA, typically between the
left common iliac vein and the right common iliac
artery. Proper exposure at this level requires care-
ful retraction of these vessels and typically liga-
tion of the MSA (Ropper et al. 2013).

Table 1: Overall characteristics of the postmortem specimens

Characteristics Total (Mean±SD) Female (Mean±SD) Male (Mean±SD) p
n=30  n=11  n=19

Height(cm) 165.73 ±     9.15 158.90 ±   10.38 169.68 ±      5.48 0.001
Weight(kg) 71.76 ±   13.73 69.72 ±   14.99 72.94 ±    13.22 0.545
External diameter 1345.86 ± 268.77 1389.31 ± 243.06 1315.06 ±  291.18 0.482
  of MSA(μm)
Tunica media 228.45 ±   48.62 256.35 ±   31.41 210.81 ±    50.43 0.012
  thickness of MSA(μm)

*MSA indicates median sacral artery.
Significant P values are shown in bold. (p<0.05)

Table 2: Correlation between characteristics of male and female

      Height (cm)                            Weight (kg)         External diameter
            of MSA (μm)

Female  Male  Female    Male  Female  Male

Weight (kg) 0.046 0.413
Height (cm) 0.004 0.743 0.611 0.594
Tunica media thickness 0.674 0.533 0.648 0.403 0.004 0.002
  of MSA(μm)

*MSA indicates median sacral artery.
Significant P values are shown in bold. (p<0.05)
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While many researchers detected position
of the MSA (Wieslander et al. 2006; Flynn et al.
2005; Guvencer et al. 2009; Sae-Jung et al. 2015),
this study’s researchers found no detailed re-
port on it’s histological features. In this study
the mean MSA diameter in the males and fe-
males were 1315.06±291.18μm and 1389.31±
243.06μm, respectively. Two studies assessed
the width of the MSA. In 2001, Tribus and Bal-
anger reviewed the vascular anatomy anterior
to the L5-S1 disk space and its potential effect
on the performance of a L5-S1 lumbar laminecto-
my from an anterior approach. They found that
the MSA varied greatly in both its diameter and
location in relation to the midline. They observed
that the middle sacral artery was present in one
hundred percent of the specimens, averaging
2.5mm (1.5-5mm) in width. They made metric cal-
iper measurements. Wieslander et al. (2006) per-
formed dissections of the female presacral space
in 52 unembalmed female cadavers. In their
study, a MSA was present in one hundred per-
cent of cadavers and the average width of the
vessel was 2mm (1-4 mm). They measured dis-
tances using calipers and plastic ruler. In Gu-
vencer et al.’s (2009) study, the diameters of the
MSA were measured as 2.8 ± 0.5, 2.6 ± 0.4, 2.6 ±
0.4, 2.5 ± 0.4, 2.4 ± 0.4, and 2.3 ± 0.3 mm, using a
caliper, at the levels of L5–S1, S1–2, S2–3, S3–4,
S4–5, and S5–coccyx, respectively. Because the
present study is the first report to provide a de-
tailed histological description of the MSA, there
are no articles measuring external diameter and
tunica media thickness of the MSA, and hence,
the researchers could not compare the results
with previous studies.

In the present study there were statistical
differences in tunica media thickness of MSA
between males and females. Females have thick-
er tunica media than males. In other words, males
have medial thinning. The researchers have no
certain explanation for this result. Nevertheless,
one possible explanation of this finding is that
some of the males may have alterations in the
structural properties of the MSA wall. In fact,
the aorta undergoes significant changes with
normal aging and there are many studies that
investigate hypertension and atherosclerosis-
induced changes (Virmani et al. 1991). The re-
searchers can admit that age related changes
might occur in the MSA, mostly in males in this
study.

Van Dijk et al. (2010) performed a systematic
analysis in 260 consecutive peri-renal aortic
patches collected during organ transplantation.

They observed significant intimal thickening and
medial thinning with advancing age. Their data
suggest that smoking was associated with in-
creased medial thinning in the age group of over
60 years and medial thickness was not influenced
by gender or by a history of hypertension. Kaup-
pila et al. (1997) assessed the prevalence of arte-
rial diseases in the arteries that supply the lum-
bar spine and their relation to other cardiovas-
cular diseases, as well as to low back pain. Five
pairs of the lumbar arteries and the MSA were
evaluated from 140 postmortem aortograms.
Their study showed that the lumbar and MSA
frequently become obliterated by atheromatous
lesions during adult life, and that obliteration of
these arteries is more common in subjects with a
history of chronic back pain than in those with-
out. Compared with the rest of the aorta, this
part of the aorta, especially at the orifices of
branching arteries, often shows the earliest and
most pronounced involvement of atherosclerosis
2-5.

Since the specimens were from patients dy-
ing from traumatic and accidental causes, the
researchers do not know whether they were
smokers or hypertensive. Therefore, it is hard to
make interpretations about this condition.

CONCLUSION

This histomorphometric study has shown
significant differences for the tunica media thick-
ness of the MSA between males and females.

LIMITATIONS

1. Although the cadaver specimens used
were unembalmed, it is possible that post-
mortem vasoconstriction results in under-
estimation of the measurements of the
vessels.

2. The number of specimens examined in the
present study is quite small. Therefore,
further studies using a larger sample size
are required.

3. There is relatively little research involv-
ing MSA and therefore, comparison of the
data with previous data is difficult.
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