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Background: The sacral hiatus is an opening present at the lower end of the sacral canal.
The anatomy of the sacral hiatus and its variations are clinically important during adminis-
tration of caudal epidural block (CEB) in obstetrics and gynecology, orthopedic, urology and
general surgical practices. The success and reliability of CEB depends upon the sound
knowledge of anatomical variations of the sacral hiatus.

Objective: The aim of this study was to assess the morphological and morphometric
variation of the sacral hiatus in dry human sacrum.

Methods: An institution-based observational cross-sectional study design was conducted to
assess morphological and morphometric variations of the sacral hiatus in 61 dry human
sacrum specimens at the anatomy departments of Gondar, Addis Ababa, Hawassa and Jimma
universities and Hayat and Korea Medical Colleges in Addis Ababa. Descriptive analysis
was applied to analyze the data.

Results: The most commonly recorded shape of the sacral hiatus is inverted-V (41%)
followed by inverted-U (37.7%). The least common was complete bifida (1.6%). The apex
of the sacral hiatus is mostly seen at the level of the 4th sacral vertebra (60.7%), while the
base is commonly located at the level of the 5th sacral vertebra (78.7%). The mean length of
the sacral hiatus is 22.67 = 11.84 mm. The mean transverse width and mean anteroposterior
diameter of the sacral hiatus at the apex are 13.14 mm =+ 2.85 mm and 5.57 mm =+ 1.53 mm,
respectively.

Conclusion: The sacral hiatus has anatomical variations. These variations should be kept in
mind during administration of caudal epidural anesthesia and analgesia.
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Background

The sacrum is a large triangular bone formed by the fusion of five sacral vertebrae
in adults."® The sacrum forms the postero-superior wall of the pelvic cavity,
wedged between the two innominate bones.” It has a blunted caudal apex which
articulates with the coccyx and a superior wide base which articulates with the fifth
lumbar vertebra at the lumbosacral angle. In addition the sacrum presents pelvic,
dorsal and lateral surfaces and a sacral canal. The opening at the caudal end of the
sacral canal is known as the sacral hiatus (SH).'*'! It is formed due to the failure of
fusion of laminae of the fifth (occasionally fourth) sacral vertebra. It is located
inferior to the fourth (or third) fused sacral spines or the lower end of the median

sacral crest.!12
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The sacral hiatus (SH), which is roughly triangular in
shape, contains the fifth sacral nerve, coccygeal nerve
roots, filum terminale externum and fibro-fatty tissue. For
a successful caudal epidural block (CEB), knowledge of
the anatomy of the sacral hiatus and its variations is
important.'

Anatomical variations occur frequently, making the
sacrum the most variable portion of the spine.
Developmental malformations occur ranging from varia-
tions in the sacral hiatus to caudal agenesis.'* The sacral
hiatus shows variations during development. Non-fusion
of laminae of the 4th or the upper vertebrae results in an
elongated sacral hiatus. Non-fusion of all the sacral ver-
tebrae results in sacral spina bifida. This leads to decreased
surface area for the attachment of extensor muscle at the
back, which may be a cause of backache.”

Considerable variability is seen in the anatomy of the
sacral hiatus, which may be closed, asymmetrically open or
wide open. As age advances, the overlying ligaments and the
cornua thicken. Consequently, identification of hiatus mar-
gins becomes challenging. In addition to this, anatomic var-
iations in size, shape and orientation of the sacral hiatus
increase the problems in caudal anesthesia.'>'®

For a successful CEB intervention, a fundamental
knowledge of the anatomy of the sacral hiatus is a -
prerequisite.'> However, the considerable anatomical var-
iations of the SH may make its identification difficult.'”
A sacral approach to the epidural space is used for giving
analgesia and anaesthesia for a variety of operations.
Caudal epidural block (CEB) has been widely used for
the treatment of lumbar spinal disorders and also for the
management of chronic back pain.'® Caudal epidural block
involves injection of a drug into the epidural space through
the sacral hiatus to provide analgesia and anesthesia in
various clinical settings.'” Caudal analgesia is used during
surgical procedures in urology, proctology, general sur-
gery,
Anesthetic agents are injected through the sacral hiatus

obstetrics and gynecology and orthopedics.
in caudal epidural anesthesia to act on the sacral and
coccygeal nerves and are often employed to relax the
perineal musculature for painless childbirth.'”

The reliability and success of caudal epidural anesthe-
sia depends upon anatomical variations of the sacral hiatus
as observed by various authors. Therefore, the aim of this
study is to discover the anatomical variations of the sacral
hiatus, investigating the morphometry and morphology of
the sacrum in Ethiopia.

Methods and Materials

An institution-based descriptive cross-sectional study
design was applied. A total of 61 dry human sacral
bones held at the Department of Anatomy in Gondar,
Jimma, Addis Ababa, Hawassa Universities, Hayat and
Korea Medical Colleges in Addis Ababa were used within
this study. The bones, which were of undetermined age
and gender, were subjected to morphometric study. The
analysis was carried out in two parts:

Part I: Non-Metric Analysis

1. The shape of the sacral hiatus was classified as
inverted-V shape, inverted-U shape, dumb-bell
shape, irregular shape, bifida shape and complete
bifida shape.

2. Level of the apex of the sacral hiatus was evaluated
in relation to the vertebra level as S1, S3, S4 and
Ss.

3. Level of the base of the sacral hiatus was evaluated
in relation to the sacral and the coccygeal vertebra
as S5, Col.

Part Il: Metric Analysis

1. Length of sacral hiatus: The distance from the apex
to the midpoint of the base of the SH.

2. Transverse width of sacral hiatus (intercornual dis-
tance): The distance between the inner surface of
the inferior limit of the sacral cornua.

3. Antero-posterior diameter of sacral hiatus: Antero-
posterior depth at the apex of the SH.

The parameters were measured twice by the same
author using caliper, divider and steel measuring tape.
Observations were substantiated with photographs.
Damaged, mutilated and deformed sacra were excluded.

Descriptive analysis was applied to analyze the data.

Ethical Approval and Consent

The study protocol was approved by the ethical review
committee of College of Medicine and Health Sciences,
University of Gondar.

Results
Part I: Non-Metric Analysis
1. The sacral hiatus of each specimen was classified

according to shape. The shape was mainly inverted-
V (41%) or inverted-U (37.7%), which is normal
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Table | Shape of the Sacral Hiatus

Shapes Frequency Percent

Valid Bifida 2 33
Complete bifida | 1.6
Dumb-bell 7 .5
Inverted-U 23 377
Inverted-V 25 41.0
Irregular 3 4.9
Total 6l 100.0

type. Dumb-bell shape (11.5%) with a nodular bony
growth projecting medially from both margins, irre-
gular shape (4.9%) and bifid shape (3.3%) were also
observed. The dorsal wall of sacral canal was entirely
incomplete in 1.6% of cases (Table 1) (Figure 1-6).
2. The level of the apex of the sacral hiatus varied
from S1 to S5. It was as high as S1 in 3.3%, as low
as S5 in 9.8% and was most commonly located
against S4 in 60.7% cases. In the remaining 26.2%
of cases the apex was found at the S3 level (Table
2) (Figures 1, Figures 2, Figures 3Figures 4, Figures

5, Figures 6, Figures 7 and 8).
3. The level of the base of the sacral hiatus was
commonly located at S5 (78.7%). In 21.3% of

Figure 2 Schematic representation of bifida shape of SH.

cases, the base was found at the first coccygeal
level (Table 3) (Figures 9 and 10).

Part II: Metric Analysis

1. Length of the sacral hiatus varied from 6 mm to
80 mm, with the arithmetic mean 22.67 mm and
standard deviation 11.84 mm. The proportion of
sacrum specimens having a sacral hiatus length of
0-10 mm was 4.9%, while 45.9% had a length of
11-20 mm and 34.4% of human sacra had a sacral
hiatus length of 21-30 mm; 14.7% of specimens
had a sacral hiatus longer than 31 mm (Tables 4 and
5) (Figure 11).

2. Transverse width of the sacral hiatus (intercornual
distance) varied from 9mm to 21mm, with the
arithmetic mean 13.14mm and standard deviation
2.85mm. The majority of human sacra (63.9%) had
the transverse width in the range 11-15mm, 19.7%

Figure | Schematic representation of dumb-bell shape of SH. had transverse width of 6-10 mm, 14.8% of the
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Figure 3 Schematic representation of irregular shape of SH. Figure 5 Schematic representation of inverted-U shape of SH.

Figure 4 Schematic representation of inverted-V shape of SH. Figure 6 Schematic representation of complete bifida.
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Table 2 Level of Apex of SH with Respect to Level of Sacral

Vertebra
Level of Apex Frequency Percent
Sl 2 33
S3 16 26.2
S4 37 60.7
S5 6 9.8
Total 6l 100.0

human sacra had 16-20 mm and only 1.6% had the
transverse width >21 mm (Tables 4 and 5).

3. Antero-posterior diameter of sacral hiatus varied
from 3 mm to 9 mm, with the arithmetic mean
5.57 mm and standard deviation 1.53 mm. The largest
proportion (60.7%) of human sacra had the AP dia-
meter between 4 and 6 mm, followed by 31.1% with
AP diameter of 7-9 mm and only 8.2% associated
with the AP diameter 0—3 mm (Tables 4 and 5).

Discussion

Caudal epidural block and caudal epidural anesthesia,
which are accessed through the SH, have a wide range
of clinical applications. Successful CEB is possible
with determining the anatomical structure of the
SH.?® The apex of SH location is also required for

such as trans-sacral

21-23

procedures colposcopy and

because of anatomical

However,

endoscopy.

ApexatS4

Figure 7 Schematic representation of level of apex at S4.

Apex at‘:}'"S 5

Figure 8 Schematic representation of level of apex at S5.

variation of the SH, a problem can be encountered
during insertion of a needle in the sacral canal through
the SH.?® Locating the apex of the SH is also difficult
because of its variation.'"* Hence knowledge on anato-
mical structure of the SH is essential for successful
clinical procedures.

The shape of the SH is one of the most important
1316 Inverted-V  (41%)
(37.7%) were the most common types, somewhat similar
to the results of the study by Ukoha et al** who reported
inverted-V (33.1%) and inverted-U (24%). This was
contradictory to the observations by Bhattacharya et al*®
who reported inverted-U (65%) and inverted-V (23%),
and Doshi et al*® who reported inverted-V (14%) and
inverted-U (56%). Inverted-V and inverted-U shapes
provide enough space for inserting the needle into the

landmarks. and inverted-U

sacral canal without obstacle and are considered as
normal.

Thus, difficulties encountered in the SH may possibly
be due to other SH types which accounted for 21.3%. In
our study, we found that 11.5% of SH were dumb-bell
shaped, which is high compared with previous investiga-
tors who reported only 3%’ and 9.3%.** Bifid sacral
hiatus was seen in 3.3%, which was similar to the report

Table 3 Level of Base of Sacral Hiatus with Respect to Level of
Sacral Vertebra

Level of Base Frequency Percent

Col 13 21.3
S5 48 78.7
Total 6l 100.0
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Baée atS5

Figure 9 Schematic representation of level of base at S5.

Baseat Co 1

Figure 10 Schematic representation of level of base at Col.

by Malarvani et al*’ (3%). Complete spina bifida was
observed in 1.6%, which is low when compared with
observation by Malarvani et al*’ (3%). Irregular shape
was found in 4.9%, with Malarvani et al*’ and Desai et al*®
reporting 14% and 16%, respectively.

Knowledge of the apex of the SH is important to
ensure safety of dura. The apex of SH location
was most level of S4.

frequently reported at

Bhattacharya et al*® and Ukoha et al** reported 74%
and 66.6%, respectively. In our study it was 60.7%.
Apex of the SH located at S3 and above, accounting
for 29.5% in our study, is not safe since it is close to
the dura mater.

Base of the SH location is frequently reported at the
level of the S5 vertebra. In the works of Malarvani et al,?’
Desai et al*® and Ukoha et al,24 the prevalence was 54%,
62% and 59.3%, respectively. In this study, a base of the
SH at coccyx level was found in 21.3% of specimens. In
the works of Malarvani et al*’ and Ukoha et al** the
figures were 1% and 14%, respectively. In this study, the
base was defined as S5 segment in 78.7% of specimens.

Length of SH varied widely in our study. The lower
level was 6 mm which was close to the report by
Ukoha et al** (6.1 mm). But the upper level in our
study was much higher compared to that of the
Ukoha et al** report (80 mm and 57 mm, respectively).
The arithmetic mean was 22.67 mm, which was higher
compared to the Ukoha et al** (20 mm), and lower

compared to the Desai et al*

(25.2 mm) reports.
A longer hiatus facilitates needle entry into the sacral
canal; at the same time, it indicates reduced distance
between the apex of the SH and termination of the
dural sac, thus increasing the possibility of the needle
puncturing the dural sac. A shorter hiatus, especially in
obese individuals because of the overlying fat, may
prove difficult when locating the SH. In our study,
459% had a length of the SH in the
11-20 mm, similar to the study conducted by
Clarista et al'® (45%) and higher compared to the
report by Desai et al*® (15%). A length of SH below
10 mm was found in 4.9%, which is close to the report

range

by Desai et al*® (4%) but lower when compared to the
report by Clarista et al'® (11.9%). A length of SH in
the range 31-40mm was found in 13.1%, similar to the
study conducted by Ukoha et al** (13%).

Transverse width (intercornual distance) measurement
has been found to range from 9 mm to 21 mm, with mean
13.14 mm + 2.84 mm. The range was narrower when
compared with the report by Desai et al*® (3-25 mm,
mean 19.5 mm), Clarista et al'® (6.5-29.2 mm, mean
16.87 + 3.66 mm) and Ukoha et al** (5-20.5 mm, mean
12.35 + 3.12 mm). Intercornual distance wider than
a centimeter is sufficient for needle insertion. In our study
intercornual distance up to 10 mm accounted for 19.7%,
which was higher compared to reports by Ukoha et al**
(11.1%) and Clarista et al'® (2.1%).
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Table 4 Length, Transverse Width and AP Depth of Sacral Hiatus

Length of SH from Apex to Midpoint of Transverse Width of SH at the Base | AP Diameter of SH at the Apex
Base
Sr, No. | Length (mm) N (Percent) Width (mm) N (Percent) Diameter (mm) | N (Percent)
| 0-10 3 (49 6-10 12 (19.7) 0-3 5(82)
2 10.1-20 28 (45.9) 10.1-15 39 (63.9) 3.1-6 37 (60.7)
3 20.1-30 21 (344) 15.1-20 9 (14.8) 6.1-9 19 3L.1)
4 30.140 8 (13.1) 220.1 I (1.6) Total 6l
5 240.1 1 (1.6) Total 61 (100)
Total 61 (100)
Table 5 Length, Transverse Width and AP Depth of Sacral Conclusion

Hiatus (Expressed in Terms of Mean, Standard Deviation and

Range)
Variables (in mm) MeanitSD Range
Length 22.67+11.84 6-80
Transverse width 13.14+2.85 9-21
AP diameter 5.57£1.53 3-9

Anteroposterior diameter of the SH at apex needs to
be sufficient to admit the needle into the sacral canal.
In our study it ranged from 3 to 9 mm, with mean 5.57
+ 1.53 mm. Ukoha et al** reported 0.4-11.1 mm, with
mean 5.52 £ 1.89 mm. Another report by Clarista et al'®
found the range 1.98-9.92 mm, with mean 5.58 =+
1.66 mm. Clarista et al'® reported that the diameter of
the SH at apex was less than 2 mm in 1% of sacral
bones, hence impeding the use of 22G needles for

CEB. In our study no case was reported below 2 mm

anteroposterior diameter.

Shows length of SH
from Apex to Base

Figure 11 Schematic representation length of SH from apex to base.

The sacral hiatus has anatomical variations, and under-
standing of these variations may improve the success
rate for administration of caudal epidural anesthesia. In
this study, shapes of sacral hiatus that may present
hindrance to needle insertion, higher level of apex of
SH close to the dura and narrow transverse width of SH
were found in significant percentage. This should be
kept in mind while giving caudal anesthesia in the
Ethiopian population.

Abbreviations
AP, anteroposterior; SH, sacral hiatus; Co, coccyx; S, sacral;
CEB, caudal epidural block; CEA, caudal epidural anesthesia.
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