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ABSTRACT
AIM: To outline the variations in morphology and a few clinically relevant morphometric parameters of the sacral hiatus.
MATERIAL and METHODS: The study included 50 dry human sacra, of unspecified sex, in the Department of Anatomy at a medical
college in South India. The sex was determined using the sacral, auricular and curvature index. The variations and morphometry of
the sacra were documented and tabulated.
RESULTS: It was observed that the inverted U shape of sacral hiatus was common in both males (n=24) and females (n=26). There
was one female sacrum with complete dorsal wall agenesis. In males, the length of the apex of sacral hiatus from 1st sacral spine
was 5.82 cm ± 1.27 and in females, it was 6.02 cm ± 1.08. Sacral hiatus depth in males was 0.56 cm ± 0.16 and in females 0.54 cm
± 0.14. The width of sacral hiatus at the cornua in males was 1.42 cm ± 0.29 and in females, it was 1.46 cm ± 0.38
CONCLUSION: Knowledge of incidences of variations in the morphology and morphometry of the sacral hiatus across various
population groups is paramount for the success and reliability of epidural anesthesia. The success rate of such procedures depends
on the clinicians’ understanding of the discrepancy in the sacral hiatus.
KEYWORDS: Caudal epidural anesthesia, Sacral canal, Sacral hiatus, Spina bifida, Back pain
ABBREVIATIONS: SH: Sacral hiatus, CEB: Caudal epidural block
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INTRODUCTION

T

he sacrum articulates with the hip bone on each side
forming the dorsal wall of the pelvic cavity (28). The
sacral canal is formed by the union of the pedicle and
lamina of the five sacra. The sacral hiatus (SH) is formed due
to the non-union of the lamina of the last sacral vertebrae (8).
Cauda equina, filum terminale, sacral and coccygeal nerve
along with the meningeal coverings are principal contents of
the sacral canal (8,23).
Caudal epidural block (CEB) effectively relieves spinal disorders
of the lumbar region and back pain. Precise knowledge of SH
is essential to perform audal epidural anesthesia to avoid
any complications (8,15). An anatomical variation would also
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contribute to an unsuccessful CEB and transpedicular as well
as lateral mass screw placement in the sacrum (27).
Variations in the shape of the sacrum could be one of the factors
for lower backache, spondylolysis and spondylolisthesis.
Sacralization could lead to labor related complications and
knowledge of its incidence is important to gynecologists
(15,27,28).
Anesthesia of the perineal musculature for painless labor is
performed by injecting anesthetic agents into the SH which
has an effect on the coccygeal and sacral nerves and relaxes
them. Hence, caudal analgesia is useful during most clinical
practices mainly in the fields of gynecology, obstetrics,
orthopedics, urology, surgery on the scrotum or penis, and
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some operations on the lower limb and anal surgeries (1,6,22).
The sacrum is also significant to the paleoanthropologist and
for the forensic researcher for sex determination (23).
The study aims to outline the variations in morphology and a
few clinically relevant morphometric parameters of the sacral
hiatus after determining the sex of the sacra.
█

MATERIAL and METHODS

The study included 50 dry human sacra, of unspecified sex,
in the Department of Anatomy at a medical college in South
India. Bones that were deteriorated and worn away were
excluded from the study.
The sacrum was grouped into male and female using the
formulas based on Sacral Index (SI), Auricular Index (AI) and
Curvature Index (CI) as shown in Table I.
The following morphological parameters such as the shape
of the SH, incidence of lumbarization and sacralization, and
Table I: Formulas Used to Determine the Sex of the Dry Sacral
Bones

Sacral Index

Curvature Index

Auricular Index

Maximum breadth×100
Maximum height

Maximum height×100

Midventral curved length
Length of Auricular surface×100
Width of surface

level of apex of SH corresponding to the sacral spine were
observed for male and female sacra.
The morphometric parameters of the SH were documented
using a Digital Vernier Caliper (Aerospace 150 mm).
Interobserver measurements were also done for all the
parameters mentioned below (Figure 1).
1. Length from the 1st sacral spine to the apex of the SH
(S1SH)
2. Length from the 2nd sacral spine to the apex of SH (S2SH)
3. Length of SH (LSH)  
4. Depth of SH at the apex (DSH)
5. Width of SH at the apex (WSHA)
6. Width of SH at the Sacral Cornua (WSHC)
7. Length of base of the triangle (distance between two
superolateral sacral crests) (B)
8. Length of the right border of the triangle (distance between
the apex of SH and right superolateral sacral crest) (R)
9. Length of the left border of the triangle (distance between
the apex of SH and left superolateral sacral crest) (L)
█

RESULTS

The results obtained are categorized into metric and nonmetric parameters for 50 sacra (males=24; females=26). The
inverted U-shape SH was the commonest observed in both
males (50%) and females (34.7%) as shown in Figure 2. The
incidence of sacralization was higher in males (45.8%) than
females (15%). Lumbarization was not observed in males but
1 sacrum was lumbarized in females (Table II). The level of the

Figure 1: The morphometric parameters of the sacral hiatus measured. WSHC: Width of SH at the Sacral Cornua, LSH: Length of the SH,
S1SH: Length from the 1st sacral spine to the apex of the SH, B: Length of base of the triangle (distance between the two superolateral
sacral crests), R: Length of the right border of the triangle (distance between the apex of SH and right superolateral sacral crest), L: Length
of the left border of the triangle (distance between the apex of SH and left superolateral sacral crest).
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Figure 2: The incidence of
various shapes of sacral
hiatus as observed in male
and female sacra (SH: sacral
hiatus).

apex of SH corresponds to S3 sacral spine in males (50%)
and the S4 sacral spine in females (53.8%) (Table III). The
metric parameters of the SH are shown in Table IV. Mean and
standard deviations for the values obtained were calculated.
Few of the parameters were higher in females compared to
males.
█

DISCUSSION

SH is clinically useful to physicians and surgeons. This study
highlights morphological and morphometric parameters in
relation to the SH. CEB has been traditionally used for the
treatment and management of spinal disorders of the lumbar
region to induce anesthesia and analgesia in various surgical
procedures in obstetrics and orthopedics (1). The technique of
CEB depends on the precise knowledge of identifying the SH
by way of which the epidural space is reached. Morphological
variations and differences in the dimensions of the SH are
attributed to the difficulty in determining the location of the
SH and the epidural space which has led to a failure rate of
25% (32). An important factor for successful caudal epidural
anesthesia is a thorough knowledge of the anatomy of SH and
adjacent structures (7,8). Thus, the awareness of incidences
of variations in the morphology and morphometry of the SH
across various population groups is paramount for reliable
and successful epidural anesthesia.
This study observed five different shapes of the SH that are
inverted U, V, dumbbell, irregular and complete dorsal wall
agenesis (Figure 3). The inverted U (male=50%; female=
34.6%) and inverted V (male= 33.3%; female= 26.9%) shape

Table II: Incidence of Lumbarization/Sacralization in Male and
Female Sacrum

Male [n=24]

Female [n=26]

Normal

13 (54%)

21 (80.7%)

Sacralization

11 (45.8%)

Lumbarization

4 (15%)

0

1 (3.9%)

Table III: Level of the Apex of SH Corresponding to Sacral Spine

Level of the apex of
SH corresponding to
sacral spine
S4
S3

Male [n=24]
9 (37.5%)
12 (50%)

Female [n=26]
14 (53.9%)
8 (30.7%)

S2

2 (8.3%)

1 (3.8%)

Absence of SH

1 (4.1%)

3 (11.5%)

SH: Sacral hiatus.

of SH was most commonly seen in the present study. Inverted
U and V shapes provide adequate space for the passage of
the needle while performing CEB. The dumbbell (male=4.2%;
female=11.5%)
and
irregular
shaped
(male=8.3%;
female=15.4%) SH were not prevalently seen in this study.
As a result of the varied shapes, CEB is highly challenging in
Turk Neurosurg, 2021 | 3
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Table IV: The Various Metric Parameters of Sacral Hiatus that were Documented

Measured Parameter

Range (cm)

Mean (cm)

Standard Deviation (cm)

Male

Female

Male

Female

Male

Female

S1SH

3.11-8.77

4.23-7.86

5.82

6.02

1.27

1.08

S2SH

2.01-7.10

3.53-6.26

4.36

5.09

1.36

1.01

LSH

1.42-4.43

1.54-3.89

2.45

2.53

0.51

0.43

DSH

0.22-0.90

0.32-0.77

0.56

0.54

0.16

0.14

WSHA

0.13-0.19

0.12-0.19

0.16

0.15

0.02

0.02

WSHC

1.01-1.98

0.98-2.03

1.42

1.46

0.29

0.38

B

5.21-7.22

5.56-7.02

6.12

6.25

0.65

0.42

R

2.83-6.93

3.16-6.13

4.73

4.11

1.04

0.98

L

2.83-6.72

3.15-6.11

4.62

4.09

1.04

0.98

S1SH: Length from the 1st sacral spine to the apex of the SH, S2SH: Length from the 2nd sacral spine to the apex of the SH, LSH: Length of the
SH, DSH: Depth of SH at the apex, WSHA: Width of SH at the apex, WSHC: Width of SH at the Sacral Cornua, B: Length of base of triangle
(distance between the two superolateral sacral crest), R: Length of right border of triangle (distance between apex of SH and right superolateral
sacral crest); L: Length of left border of triangle (distance between apex of SH and left superolateral sacral crest.

Figure 3 : The various shapes of sacral
hiatus.
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individuals. Interestingly, the study found one dry sacrum with
a deficient dorsal wall, which was also reported by Gaikwad
et al. (11). Further, Kumar et al. reported a case of a partially
deficient posterior sacral wall in a dry sacrum (17). The failure
of the development of the dorsal wall of the sacral canal may
lead to risky complications such as accidental puncture of the
dura mater during CEB. During the placement of the transpedicular screw for spinal fusion, the spine surgeon must be
aware of these different shapes of SH (26).
The prevalence of sacralization of L5 vertebrae and
lumbarization of S1 vertebrae is observed in the current study.
Incidence of sacralization/lumbarization varies with race and
origin. It has been observed that sacralization is reported in 4%
to 36% of the general population (5,10,14,16,21,29). Similarly,
incidences of lumbarization of the first sacral vertebra are
reported in 4.2% to 30% of the general population (2,4,5).
In the current study sacralization of L5 vertebrae among the
South Indian population was 45.8%, in males and 15.3% in
females, which is more than what has been reported earlier.
Occurrence of lumbarization is often reported in the literature,
though in this study incidence of lumbarization was only
seen in 3.8% of females which is comparatively less than
those reported previously. Gupta et al. in their study stated
lumbarization and sacralization may be predisposing factors
for the development of lower backache (13). Bulut et al. opined
that the relationship between lower back pain and sacralization
is not definite and further studies need to be done to confirm
this (3). It has been suggested that this may be a risk factor
for herniated nucleus pulposus (24). A study by Gopalan B
and Yerramshetty confirms that females more than 45 years
of age, with lumbosacral transitional vertebra along with other
associated spinal disorders are prone to lower backache (12).
This might suggest that the study population is susceptible to
lower back pain due to lumbarization.
The mean length of SH was 2.45cm. The previous studies
observed the length of SH ranged between 2-4 cm (26).
However, a study by Letterman and Trotter, Trotter et al
observed the length of hiatus to be 2.48 and 1.98 cm in
American male and female sacra, respectively (19,30). A study
by Kumar et al. reported the length of SH in Indian males to
be 2.0 cm and 1.89 cm in females (17). SH is the site for the
administration of epidural anesthesia. Detailed anatomical
knowledge of SH is essential for the successful administration
of epidural anesthesia.
The intercornual length in males=1.42 cm and females=1.46
cm were observed to be greater than the measurement
obtained by Sekiguchi et al. (1.02 cm) (25). It was observed
that the length between the S2 spine and the apex of the
SH (male=4.36 cm; female=5.09 cm) was greater than the
measurement recorded by Senoglu et al. (3.54 cm) (26). The
width of the hiatal apex was 0.16 cm and 0.15 cm respectively
in males and females which is not recorded in the previous
study. The measurement of AP diameter of SH at the apex
plays a major role in CEB. Sekiguchi et al. (25) in their study
stated that the sacral canal diameter should be more than 2
mm. If it is less than 2 mm, it may impede the administration
of 22 G needles for CEB (25). Further, it states that complete

agenesis, bony septum or nonspecific location of the SH will
result in the failure of CEB. In this study, the AP diameter of
the SH ranged between 0.22-0.90 cm in males and 0.320.77 cm in females with an average of 0.56 and 0.54 cm in
males and females, respectively. The value is consistent with
previous studies reported by Aggarwal et al. 0.5 cm (1), Trotter
et al. 0.53 cm (30), Lanier et al. 0.61 cm (18), Trotter 0.5 cm
in whites and 0.6 cm in Negro sacra (31), Kumar et al. 0.48
cm (17), Nagar 0.48 cm (20), Sekiguchi et al. 0.6 cm (25) and
Senoglu et al. 4.46 cm (26). Since the present study did not
report any sacra with the depth of the hiatus less than 2mm,
it suggests that the needle can be passed easily during CEB
in the present study group as the AP diameter of the SH is
sufficiently sized.   
A common problem encountered during CEB is a failure
in needle placement. According to Chen et al (6) for a
successful administration of CEB, it should be performed
under the guidance of ultrasonography (6). The presence
of an equilateral triangle formed between the two sides of
the superolateral crest and the apex of the sacral hiatus is
considered to practically benefit the clinician (26). This is used
by clinicians to locate the sacral hiatus during CEB (26). In
the present study, measurements required for determining the
equilateral triangle were assessed.
Surprisingly the length between the right and left superolateral
crests were male=6.12 cm and female=6.25 cm, the length
between the right superolateral sacral crest and SH apex was
male=4.73 cm and female=4.11 cm and the length between the
left superolateral sacral crest and SH apex was in male=4.62
cm female=4.09 cm, which was not consistent with previous
studies (9,26). Extensive clinical trials are required in this area,
and the concept of the equilateral triangle may not hold good
for all the populations as encountered in this study. Hence,
adequate knowledge of SH morphometry and morphological
variations of the sacrum is essential for specific gender and
population.
█

CONCLUSION

For caudal epidural anesthesia to be successful a clear
concept of the anatomy of the SH and the structures
surrounding it is essential. The knowledge of incidences of
variations in the morphology and morphometry of the sacral
hiatus across various population groups is paramount for
the success and reliability of epidural anesthesia. This study
highlights population-specific metric parameters of the sacral
hiatus in known sex. It also categorizes the sacrum based on
the shape of the sacra hiatus as well as seen the number of
cases of lumbarization and sacralization.
█
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