
1616International Journal of Scientific Study | December 2021 | Vol 9 | Issue 9 1717 International Journal of Scientific Study | December 2021 | Vol 9 | Issue 91616International Journal of Scientific Study | December 2021 | Vol 9 | Issue 9 1717 International Journal of Scientific Study | December 2021 | Vol 9 | Issue 9

Morphometric Study of Sacral Hiatus in Adult 
Human Sacra and Its Clinical Insinuation in Caudal 
Epidural Anesthesia
Akhalaq Ahmed1,  Sameeullah Ben Azeem Haasan1, Divasha2, Sonia1, Mukesh Singla3, Kumar Satish Ravi3

1Post Graduate Student, Department of Anatomy, All India Institute of Medical Sciences, Rishikesh, Uttarakhand, India, 2Senior Demonstrator, 
Department of Anatomy, University College of Medical Sciences, New Delhi, India, 3Additional Professor, Department of Anatomy, All India 
Institute of Medical Sciences, Rishikesh, Uttarakhand, India

incomplete fusion of  the dorsal part of  the fourth or fifth 
sacral vertebra. Sacral hiatus (SH) is a significant landmark for 
performing caudal epidural anesthesia or analgesia in various 
cases such as low backache, obstetrics well in orthopedic 
surgeries. Due to these variations, the SH has an appreciable 
difference in size and shape; it is hard to localize the hiatus 
during caudal epidural anesthesia. The surface landmark for 
SH is present at about 5 cm (2 inches) superior to the tip 
of  fused coccygeal bones underneath the skin of  the natal 
cleft. The SH carries the nerve roots, which include lower 
sacrum nerve fibers and coccygeal nerve roots. Various other 
structures are also found at this site, including filum terminale, 
Sacrum related fibro-fatty tissue covered by a superficial 
dorsal sacrococcygeal ligament. This sacrococcygeal ligament 
is also called a sacrococcygeal membrane. This membrane 
has to be pierced to reach the sacral canal during the same 
procedure caudal epidural block (CEB).[2] The sacrum also 

INTRODUCTION

The sacrum is a broad triangular bone present in the caudal 
end of  the vertebral column. It helps in the formation 
of  the posterior wall of  the pelvic cavity. The sacrum is 
fixed between two innominate (hip) bones. Anatomists 
and anthropologists have since long acknowledged the 
importance of  sacrum in determining the gender of  a 
deceased person.[1] In the sacrum, hiatus is formed by 
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Abstract
Background: Sacrum is a large triangular bone formed by fusing five sacral vertebrae and forms the caudal end of the vertebral 
column. The sacral hiatus (SH) is formed by incomplete fusion of the posterior elements of the fourth or fifth sacral vertebra. 
It’s an important landmark for inoculating caudal epidural anesthesia or analgesia in patients with low back pain, in obstetrics 
as well as in orthopedic surgeries.

Aim and Objective: To study the morphometric measurements of SH for inoculating caudal epidural anesthesia.

Materials and Methods: Forty-six dry human sacra of adults were studied. Various anatomical measurements were taken with 
the help of a digital Vernier caliper, accuracy (0.1 mm).

Results: Measurements and the shape of 46 SH were studied. V-Shaped hiatus was found predominantly followed by U 
shape. The maximum length of hiatus from the base to the apex was 3.9 cm and a minimum of 1.5 cm. The level of the apex 
of hiatus was found mostly at S-4 level (49%) followed by S-3 (18%). Level of the base of hiatus at S-5 (75%) followed by S4-
S5 joint. Other measurements taken are the transverse, anteroposterior measurement of SH. Antero-posterior and transverse 
measurements of the spinal canal were also taken.

Conclusion: SH shows morphometric variations in various populations. Understanding and knowledge of these variations are 
essential. This will improve the success of caudal epidural anesthesia. Identification of a single bony landmark may not help in 
locating SH. These anatomical disparities may be a factor in caudal epidural anesthesia failure.
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has other importance, and it helps in the identification of  
gender in the human skeleton. Because the sacrum is a part 
of  an axial skeleton as well as also helps in the formation 
of  the pelvic girdle, it has applied importance. The gender 
determination of  males, as well as females with the help 
of  Sacrum, is the sacral index (SI) which is the well-known 
method. SI has proven as an accurate parameter in identifying 
the sexual dimorphism.[3] The SH has a central part and lateral 
margins. These margins are formed by two sacral cornua and 
are the remnants of  the inferior articular process and extend 
downward. These margins are important clinical landmarks 
during palpation of  SH.[4]

It is essential to have detailed knowledge of  SH for proper 
access into the caudal (sacral) epidural space. Considering 
these points, the present study was designed. Hence, 
the purpose of  this study is to elucidate the various 
measurements of  SH in human dry sacra as well as 
identification of  nearest bony landmarks to permit correct 
and uncomplicated epidural accesses.

MATERIALS AND METHODS

In the present study, 45 intact human adult sacra were 
included, which were obtained from the Department of  
Anatomy AIIMS Rishikesh. All the collected sacra were 
undamaged with apparent SH. Sacra showing laceration, 

wear and tear, broken or fractured were excluded from the 
study. Under regular inspection and adequate care, bones 
were conserved in dry conditions, in a departmental museum 
free from any moisture, dust or insects, moth, etc. The 
following parameters were measured by using a digital vernier 
caliper considering all Standard anatomical landmarks.

Following measurements were taken:
● Length of  hiatus—distance from apex to base
● Intercornual distance (transverse diameter)—the 

distance between inner surfaces of  sacral cornu
● Anteroposterior diameter of  hiatus at the apex of  SH.

The other parameters include the level of  apex of  hiatus in 
relation to the sacral vertebra, level of  the base of  hiatus (tips 
of  sacral cornu) in regard to sacral and coccygeal vertebra 
also studied.[5] Figure 1 shows the shape of  the hiatus, defects 
in the dorsal wall of  the sacrum, presence or absence of  
sacral cornu. sacral cornu of  <3 mm was considered absent.[6]

RESULTS

The shape of  SH of  the total number of  45 human adult 
sacra was identified. Sex determination was done by 
calculating the SI. Twenty-eight female and 17 male sacra 
were measured. V-shaped SH was found commonly in 
55.5% of  sacra followed by U-shaped in 22.6%, irregular in 

Figure 1: Showing various forms of sacral hiatus
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11.1%, not fused in 2.2%, and absent in 4.4% [Table 1]. The 
maximum length of  SH measured was 3.9 cm with a standard 
deviation of  2.26 ± 1.19 [Table 2]. The maximum transverse 
diameter of  SH was found 2.1 cm and a minimum of  0.4 cm 
[Table 3]. The maximum anteroposterior diameter was found 
at 6 mm and a minimum of  0.3 mm [Table 4]. The base of  
SH is commonly found at S-5 in 75% of  sacra, at S4-S5 in 
11%, S-4 in 2%, 5% at coccygeal level, and absent in 5%, and 
not fused in 2% of  sacra [Table 5]. Level of  the apex of  SH 
mainly was found at S4 in 49% of  sacra followed by 18% 
at the S3 level, S3-S4 in 11%, S4-S5 in 7%, S-5 in 4%, S1 in 
2%, not fused in 2% and absent in 7% of  the sacra [Table 6].

DISCUSSION

The feeling of  the “pop” on penetrating the sacrococcygeal 
membrane has been the most routinely practiced technique 
for identifying the caudal epidural space after determining 
SH by palpating the sacral cornua. The success and failure 
rates have always been associated with the method and 
reported by several authors.[7] One factor behind the lack 
of  successfulness in the CEB is its anatomical variation, 
so its knowledge in clinical situations is imperative for 
therapeutic and diagnostic procedures of  the lumbosacral 
spine to avert any dural injury and failure.[2,8] In the present 
study, V-shaped SH was commonly found in 55% of  
sacra and U-shaped in 26%. These V and U shapes allow 
adequate space for needle access during the procedure of  
CEB. A study done by Nagar showed the U-shaped SH was 
found in (41.5%) and V-shaped in (27.0%) and were the 
most common shapes in the Indian population.[9] Mustafa 
et al. (2012) stated that the level of  apex of  SH is commonly 
found at the 4th sacral vertebral level (S4). In our study, the 
most typical level of  SH was found at S4 (49%), followed 
by S3 (18%). A high level of  SH apex (S3) is a dangerous 
site because of  its immediate relation with the dura mater 
termination at S2.[3,7] Sometimes it is not easy even for 
experienced clinicians to locate the caudal epidural space 
due to its anatomical variation. SH and its apex palpation 
are possibly hard, particularly in obese patients, but it is a 
crucial bony landmark in the accomplishment of  CEB.[8,10] 
In 3% of  the cases, the sacral canal is entirely closed, 
making it impossible anatomically to insert a needle into 
the sacral canal, and cases of  absence of  hiatus, complete 
agenesis, and bony septum at SH make it hard to locate the 
opening of  the sacral canal. Together these factors might 
increase the chances of  the unsuccessful rate of  CEB up 
to 7% of  all cases.[4] A study on 104 human sacra showed 
common abnormalities which could influence the successes 
rate of  caudal epidural anesthesia in 29.5% of  cases. The 
common causes included SH of  <8 mm in length, complete 
agenesis of  SH, absent SH, angulation in Sacrum, presence 
of  bony septum in the sacral canal, and severe infections.[11]

The sacrum and its hiatus is the crucial landmark and 
sometimes used for various purposes. With the help of  
SH, medication can be injected into the epidural space. 
This caudal epidural technique has been practiced since 
1952 to anesthetize the appropriate dermatomes. It may 
also be used for symptomatic relief  of  low back pain by 
injecting various pain-relieving medications. Some authors 
believe that the apex of  the SH is a critical point and 
landmark for the CEB; however, there may be difficulty in 
its palpation in some patients, especially in obese. Hence 
other bony landmarks can also be used in relation to SH.[12] 
Failure of  a CEB is also seen due to variations in SH and 
its shapes.[13] Failure rate is observed by some authors- in 

Table 6: Percentage of sacral hiatus apex
Level of Apex (%)
S3 S4 S3-S4 S4-S5 S5 S1 Not Fused Absent
18 49 11 7 4 2 2 7

Table 1: Shape, number and percentage of sacral 
hiatus
Shape of SH Number of Sacra Percentage
V Shaped 25 55.5
U Shaped 12 26.6
Irregular 5 11.1
Not Fused 1 2.2
Absent 2 4.4
SH: Sacral hiatus

Table 5: Percentage of sacral hiatus base
Level of base of hiatus (%)
S-5 S4-S5 S4 CX-1 Absent Not fused
75 11 2 5 5 2

Table 2: Sacral hiatus length
Length of SH
Maximum Minimum Mean Not fused Absent
3.9 cm 0 2.26 cm±1.19 SD 1 2
SH: Sacral hiatus

Table 3: Sacral hiatus transverse diameter
Transverse diameter of SH
Maximum Minimum Mean Not fused Absent
2.1 cm 0.4 cm 1.35 1 2
SH: Sacral hiatus

Table 4: Sacral hiatus anterior-posterior diameter
AP diameter of SH
Maximum Minimum Mean Not fused Absent
6 mm 0.3 mm 3.026 mm±1.48 SD 1 2
SH: Sacral hiatus
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children 14.82% failure noted by Busoni and Sarti.[14] and 
in case of  adult Wong et al. reported an excellent success 
rate 95.9% of  CEB.[15] A study was done by Chen et al. and 
revealed that ultrasound-guided needle placement for the 
epidural block was 100% successful.[16]

CONCLUSION

The present study was performed to find out various sacral 
parameters and to emphasize variations in the shapes of  
SH. Variations in shapes as well as level of  base and apex 
of  SH may lead to failure of  CEB.[13] In this study, we 
found that the maximum anteroposterior diameter was 
6 mm, and the maximum transverse diameter was 2.1 cm, 
and it should be taken into consideration to prevent any 
damage to the other structures. We also found that 55.5% 
of  sacra was V-shaped and base of  SH at S-5 level in 75% 
cases. The base of  the SH is an essential landmark for the 
insertion of  the needle during an epidural block. But It 
should be kept in mind that hiatus may be present at S-4, 
S-5, coccygeal level or can be absent in a few cases. These 
anatomical variations may be one of  the reasons behind the 
failure of  epidural block. So only identification of  a single 
point or landmark in bone may not be helpful in locating 
the SH. Understanding the variations in SH will improve 
the success rate of  CEB.
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