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Abstract 

Background: The opening present at the caudal end of sacral canal is called sacral hiatus 

which is formed due to failure of the fusion of fifth or fourth sacral vertebra. It is situated 

inferior to the fourth or third fused sacral spines or lower end of median sacral crest.The 

inverted U shaped sacral hiatus is enclosed by the sacrococcygeal membrane and forms a 

vital landmark to perform caudal epidural block.  

Objective: To explore the anatomical and morphometric variations in the sacral hiatus 

Material and Methods: A total of 100 complete and undamaged adult Caucasian dry sacral 

bones were obtained. Anatomical measurements were performed on these specimens by using 

a Vernier caliper. Length and width of sacral hiatus were measured.  Distance from apex and 

base to the level of S2 foramina were also measured.  

Results: Agenesis of sacral hiatus was detected in two sacral bones. Various shapes of sacral 

hiatus were observed inverted U (31%) shaped sacral hiatus is most commonly observed. 

Apex of sacral hiatus was commonly found at the level of 4th sacral vertebra in 52%. The 

distance between the two supero lateral sacral crests and the distance between the apex of 

sacral hiatus and the right and left supero lateral crests were 69.5 (5.8) mm, 61.4 (11.2) mm, 

57.4 (9.7) mm respectively.  

Conclusion: Different variations of shape and level of sacral hiatus found in this study will 

help anesthetists during caudal epidural anaesthesia. The method used to detect sacral hiatus 

using a triangle formed by bony landmarks will help clinicians for giving a safe epidural 

anaesthesia.  
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Introduction:  

Sacrum is a large triangular bone which is formed by combination of 5 sacral vertebrae. It 

forms the caudal end of the vertebral column and posterosuperior wall of the pelvic cavity 

wedged between the 2 innominate bones. The sacral canal is formed by sacral vertebral 

foramina
1
. 

The opening present at the caudal end of sacral canal is called sacral hiatus which is formed 

due to failure of the fusion of fifth or fourth sacral vertebra. It is situated inferior to the fourth 

or third fused sacral spines or lower end of median sacral crest
2
.Theinverted Ushaped sacral 

hiatus is enclosed by the sacrococcygeal membrane and forms a vital landmark to perform 

caudal epidural block (CEB) 
[3]

.  

Caudal epidural block (CEB) is used for analgesia and anaesthesia in various clinical 

procedures such as obstetrics and surgery below the umbilicus such as Hernia repair, Lower 

limb surgery, Skin grafting, GU procedures, procedures on the anus and rectum, orthopedic 
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surgery on the pelvic girdle
4
 where the medication is injected into the epidural space through 

the sacral hiatus
5
. This approach to epidural space produces reliable and effective block of 

sacral nerves. CEB has been widely used for the treatment of lumbar spinal disporders and 

also for the management of chronic back pain 
[3,6,7]

 

It has been found that size and shape of sacral hiatus varies which causes difficulty in 

localization of hiatus during caudal epidural anesthesia so the purpose of the present study 

was to explore the anatomical and morphometric variations in the sacral hiatus.   

 

Material and Methods: 

Study Population: This study was carried out in the Department of Anatomy, G.S.V.M & 

R.M.L.I.M.S Medical College Kanpur & Lucknow from June 2021 to November 2021 to 

explore the variations of sacral hiatus which will be useful for caudal epidural anaesthesia. A 

total of 100 complete and undamaged adult Caucasian dry sacral bones obtained from the 

department of anatomyregardless to their age and sex were included for this study.The study 

was approved by the Institute Ethics Committee. 

Inclusion criteria: (i) Sacra with complete sacral hiatus  

Exclusion criteria: (i) Damage and Deformed sacra 

 

Methodology:  

Anatomical measurements were performed on these specimens by using a Vernier caliper 

(accuracy 0.1mm). Each sacrum was studied and below mentioned measurements was taken 

from each sacrum. 

1. Length of sacral hiatus (mm) 2. Width of sacral hiatus (sacral cornua) (mm)  3. Distance 

from apex to the level of S2 foramina (mm) 4. Distance from base to S2 foramina (1+3) 

(mm) 5. Depth of SH at the level of its apex (mm)  6. Distance between two supero o lateral 

sacral crest (mm) 7. Distance between right superior lateral sacral crest & apex (mm) 8. 

Distance between left superio lateral sacral crest & apex (mm) 

 

Statistical analysis:  

The qualitative data were expressed in proportion and percentages and the quantitative data 

expressed as mean and standard deviations. The difference in proportion was analyzed by 

using chi square test. Significance levels for tests were determined as 95% (P< 0.05) 

 

Results:  

Agenesis of the sacral hiatus was found in two sacrum’s. Various shapes of sacral hiatus are 

observed, inverted U (31%) shaped sacral hiatus is most commonly observed (Table-1) (Fig-

3). The level of the apex of the sacral hiatus in relation to sacral vertebra is observed and 

percentages are given in Table – 2. The level of the base of the sacral hiatus in relation to 

sacral/coccygeal vertebra is observed and percentages are given in Table-3. 

The average length of sacral hiatus was 29.5(9.5) mm (range 17-49mm). The length of sacral 

hiatus mostly between 17-30 mm. The average width of sacral hiatus (sacral cornua) was 16.2 

(2.7) mm (range 10-22 mm). The distance between the right superio lateral sacral crest and 

the sacral apex was 61.4(11.2) mm (range 36-88 mm). The distance between the left superior 

lateral sacral crest and the sacral apex was 57.4(9.7) mm (range 35-73 mm). From the above 

mean values, it is important to know that the distance from the right and left sacral crests to 

the hiatus were similar in each sacrum. The anatomical measurements and statistical data are 

given in Table-4. 
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Table 1 Shape of Sacral hiatus 

S. No. Shape No. Percentage % 

1 Inverted U 32 32 

2 Inverted V 26 26 

3 Irregular 21 21 

4 Elongated 16 16 

5 Dumbell 5 5 

 Total 100 100 

 

Table 2 Location of apex in relation to level of sacral vertebra 

S. No. Location of apex No. Percentage % 

1 4th sacral vertebra 52 52 

2 3
rd

sacral vertebra 40 40 

3 2
nd

 sacral vertebra 08 08 

 Total. 100 100 

   

Table 3 Location of base of hiatus in relation to level of sacral/coccygeal vertebra 

S. No. Location of base No. Percentage % 

1 5
th

 sacral vertebra 75 75 

2 4th sacral vertebra 18 18 

3 Coccyx 07 07 

 Total 100 100 

 

Table 4 Morphometric of sacrum 

S.No Morphometric Mean Median SD Max Min 

1 Length of sacral hiatus (mm) 29.5 24 9.5 45 18 

2 Width  of sacral hiatus (mm) 16.2 13 27 22 10 

3 Distance from apex to the level 

of S2 foramina (mm) 

30.2 27 10.5 53 12 

4 Distance from base to S2 

foramina (1+3) (mm) 

59.5 51 8.8 74 42 

5 Depth of SH at the level of its 

apex (mm) 

05 07 1.4 07 02 

6 Distance between two supero 

lateral sacral crest (mm) 

69.5 67 5.8 86 59 

7 Distance between right supero 

lateral sacral crest & apex 

(mm) 

61.4 58 11.2 88 36 

8 Distance between left supero 

lateral sacral crest & apex 

(mm) 

57.4 57 9.7 73 35 

 

Discussion  

Accurate localization of sacral hiatus is a challenge for clinicians during caudal epidural 

anaesthesia due to variations in this region. Entry into sacral canal should be safe to avoid 

dural puncture and to protect surrounding structures. 

In this study we found that the shapes of sacral hiatus were variable.  The most common 

types of sacral hiatus were the inverted U (32%) followed by inverted V (26%), irregular 
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(21%), elongated (16%) and the least was dumbbell shaped (5%). Our results are in 

concordance with Ramamurthy et al
8
 who also reported the same result. Another study 

showed that the inverted U (41.5%) and inverted V (27.0%) were the most common shapes in 

Indian sacra followed by dumbbell and irregular shaped SH (13.3% and 14.1%) and bifid 

hiatus was seen in 1.5% of sacra
9
. However D Saha

10
 and Bhattacharya et al

11
 reported 

70.09% and 65% respectively. In inverted U and inverted V shapes, there is sufficient space 

available for needle insertion in caudal epidural block but it is difficult in irregular and 

dumbbell shape
12

.  

Most of the authors including the present study noted that location of apex can vary from 

upper end of S2 to lower part of S5. In this study we found that the commonest position of 

the apex of the sacral hiatus was against the fourth sacral vertebrae (55%). Our findings are 

concordance with Nagar S K et al
9
 who reported sacral hiatus was seen most commonly at the 

level of fourth sacral vertebrae (55.9%) In another study Dipaliet al
13

 reported (50%) 

However SekiguchiM et al
14

 noted the apex of sacral hiatus at S4 level in 64% cases while 

Vinod Kumar et al
15

 reported 76.2%. 

In this study we found that the base of sacral hiatus was seen at level of S5 vertebra in 74% 

sacra followed by 19% at level of S4vertebra and extended to coccyx in 7% cases.  Our 

findings are similar to variousauthors namely Rammurthyet al
8
 (72.4%), Nagar SK et al

9
 

(72.6%). However Dipaliet al
13

 and Vinod Kumar et al
15

reported (82.5%) and (83.17%) 

respectively. Ramamurthy et al
8
 also reported that sacral hiatus extended tococcyx in 8.6% 

cases. These sacra had coccygeal ankylosis.  

Identification of the caudal epidural space is not always possible even for experienced 

clinicians, and anatomical variation may be an influence. The apex of the sacral hiatus is an 

important bony landmark in the success of CEB but it may be hard to palpate, particularly in 

obese patients. Hence other prominent anatomical landmark may be of use, such as the 

triangle formed between the posterior superior iliac spines and the apex of sacral hiatus. 

Present study measurements show this to be an equilateral triangle
16

. The given 

measurements are useful to identify the sacral hiatus easily and increase the success rate of 

CEB. 

The length of sacral hiatus varied from 18-47 mm average is 29.5(9.5). Sekiguchi
14

 and 

Colleagues found the distance between the sacral cornua (10.2 (0.35) (2.2-18.4 mm) lesser 

than and the depth of sacral hiatus (6.0 (1.9) (1.9-11.4) mm) slightly greater than those 

measurements in our study (16.2 (2.7) (10-22) and 5 (1.4) (2-7) mm respectively). The depth 

of sacral hiatus at apex is important as it should be sufficiently large to accommodate the 

needle.  

In this study depth of SH at the level of its apex ranged from 2-7 mm with mean of 5(1.4) 

mm which is similar to various author (Trotter et al
17

, Lanier et al
18

, Sekiguchi et al
14

) to 

present study. The distance between the S2 foramen and the apex of the sacral hiatus was 

30.2 (10.5) mm on average (range 12-53mm). Our findings are in accordance with senoglu et 

al
3
 and PatilDhananjay et al

4 
 who also reported similar findings. Additional measurements 

are distance betweentwo supero lateral sacral crest (base of the triangle) (69.5 (5.8) 59-

86mm), distance between right supero lateral sacral crest and sacral hiatus apex (61.4 (11.2) 

36-88mm), distance between left supero lateral sacral crest and sacral hiatus apex (57.4 (9.7) 

35-73mm) forming nearly an equilateral triangle between supero lateral sacral crest and 

sacral hiatus apex in most of the sacrums. This equilateral triangle can act as guide to the 

location of the apex of sacral hiatus during caudal epidural block and clinicians can avoid 

problem of failure in needle placement.  
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Conclusion: 

The morphometric study of sacral hiatus and knowing about anatomical variations of sacral 

hiatus is significant while administration of caudal epidural anaesthesia and measurements of 

sacral hiatus may improve its success rate. The method used to detect sacral hiatus using a 

triangle formed by bony landmarks will help clinicians for giving a safe epidural anaesthesia. 

 

References:  

1. Standring S, Ellis H, Healy JC, Johnson D. Gray’s anatomy. 39th ed. Vol. 1431. London: 

Elsevier Churchill Livingstone; 2005. p. 749‑54. 

2. Henry gray skeletal system. In: Peter L wiliam. Gray’sanatomy .the anatomical basis of 

Clinical practice; 38 edition.  Churchill Livingstone; 2008 

3. Senoglu N, Senoglu M, Oksuz H, Gumusalan Y, Yuksel KZ, Zencirci Bet al., Landmarks 

of the sacral hiatus for caudal epidural block: an anatomical study. British journal 

ofAnaesthesia 2005; 95 (5): 692-5. 

4. PatilDhannajay S, JadavHrishikesh R, Binodkumar, Mehta CD, Patel Vipul D. 

Anatomical study of Sacral Hiatus for Caudal Epidural Block. National Journal of Medical 

Research.  2012;2(3):1-6 

5. Chen P.C., Tang S.F.T., Hsu T.C. Ultrasound guidance in caudal epidural needle 

placement. Anesthesiology 2004;101:181–4. 

6. Bush K, Hillier S. A controlled study of Caudal epidural injections of triamcinolone plus 

procaine for the management of intractable sciatica. Spine,1991;16:572-5. 

7. Cuckler JM, Bernini PA, Wiessel SW. The use of epidural steroids in the treatment of 

radicular pain. J bone Joint Surg Am, 1985;67:63-6 

8. Ramamurthi KS, Anil Kumar Reddy YAnatomical Study of Sacral Hiatus for Successful 

Caudal Epidural Block. IJMRHS 2013;2(3):1-3 

9. Nagar SK. M. P. Shah Medical College, Jamnagar, Gujarat: A study of sacral hiatus in 

dry human sacra. J AnatSoc India 2004;53:18‑21. 

10. Dona Saha, Santanu Bhattacharya, AkhtarUzzaman, SibaniMazumdar, 

ArdhenduMazumdar. Morphometric study of variations of sacral hiatus among West Bengal 

population and clinical implications. Italian Journal Of Anatomy And Embryology 

2016;121(2):165-71 

11. Bhattacharya S., Majumdar S., Chakraborty P., Mazumdar S., Mazumdar A. (2013) A 

morphometric study of sacral hiatus for caudal epidural block among the population of West 

Bengal. Indian J. Bas. Appl. Med. 2013,Res. 2: 660-67. 

12. Jana TK, Bhandra P, Koley T, Shah SB, Basu SK. Variation in sacral hiatus and 

significance of hiatal index in sexing of sacrum. J AnatSoc India 1978;36:1 

13. Pal D R, Rahman A, Fatema A. Morphometric study of sacral hiatus a basis for successful 

caudal epidural block. Bangladesh Journal of anatomy. 2012;10(1):5-10 

14. Sekiguchi M., Yabuki S., Satoh K., Kikuchi S.  An anatomic study of the sacral hiatus: a 

basis for successful caudal epidural block. Clin. J. Pain 2004;20:51–4 

15. Kumar V, Pandey SN, Bajpai RN, Jain PN, Longia GS. Morphometric study of sacral 

hiatus. J AnatSoc India 1992;41:7‑13. 

16. Stitz MY, Sommer HM. Accuracy of blind versus fluoroscopically guided epidural 

injection. Spine 1999;24(13): 1371-6. 

17. Trotter M, Letterman GS. Variations of the female sacrum; their significance 

incontinuous caudal analgesia. Surg. Gynaecol. Obstet. 1944;78(4):419 – 24. 

18.  Peter L William et al. Gray’s anatomy 38
th 

edition. Churchill Livingston 2000;592-

31,673-4 

 


