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Abstract

To study the shape, position and size of the sacral hiatus in Thai dry human sacra.

The present study was carried out on 235 dry human sacra, 163 males and 72 females, in Faculty
of medicine, Chiangmai and Thammasat university. The ages of dry human sacra ranged from 20-90
years. The shape, position and size of sacral hiatuses were observed. The inter-cornual distance,
the distance from sacral hiatal apex to the midpoint of base and the lower border of the 5" sacral
vertebra were measured. Data were statistically analyzed and the difference of mean distance was
performed by using unpaired t-tests. A p-value of less than 0.05 was considered significant.

The most common shapes of sacral hiatus were inverted U (54.47%), inverted V (19.57%), irregular
(11.06%) and elongated (6.81%). The apex and base of sacral hiatus were commonly found at the
level of the 4" (62.98%) and the 5" sacral vertebrae (76.6%), respectively. The average distance from
sacral hiatal apex to the midpoint of base was significantly different (p = 0.0002) between male (19.89
+ 9.05 mm) and female (15.63 = 5.29 mm). The average distance from sacral hiatal apex to the
lower border of the 5" sacral vertebra was significantly different (p = 0.002) between male (26.44
+ 11.49 mm) and female (21.75 + 8.23 mm). The mean inter-cornual distance was no significant
difference between male and female.

The inverted — U, inverted — V, elongated and agenesis shapes of sacral hiatus were found in 81.28
percent of sacra (male 77.30% and female 90.28%). Thus, this study suggests a high chance of

success for the caudal epidural anesthesia in Thai patients, especially in females.

Key words: Sacral hiatus, Sacrum, Caudal epidural anesthesia

Received: 24 January 2013 Accepted: 3 May 2013

* Division of Anatomy, Department of Preclinical Science, Faculty of Medicine, Thammasat University

** Department of Anatomy, Faculty of Medicine, Chiangmai University



312 sssumaasiosans U em aUUR e Us:5iGounsnmiAu-AUEnsu m&ao

Introduction

Caudal epidural anesthesia is used to relieve pain
at specific areas using needles to penetrate skin through
posterior sacrococcygeal ligament and sacral hiatus,
respectively, before entering sacral canal in proximity of
epidural space so the anesthetic can relieve pain during
labor and during or after surgery” > The penetrated
position is in sacral hiatus that exists because there is a
gap between lamina of the 4™ or 5" sacral vertebra. This
position is safe for the spinal cord’. Sacral hiatus level
varies from person to person. There are studies on
position, shape and size of sacral hiatus in the countries

%4567 Japan® °, Korea and

in Asia, including India
Africa'’. The mean distance of measurements varies from
one country to another. In Thailand, however, there was
no report of the related research to determine position
and size of the sacral hiatus. Thus, the researchers were
interested to study the shape, position and size of the

sacral hiatus in Thai dry human sacra.

Method

The present study was carried out on 235 dry
human sacra (163 males and 72 females). The ages were
between 20-90 years. These samples were from the
Faculty of medicine, Thammasat university and the
Faculty of medicine, Chiangmai university. These investiga-
tion of the shape and size of sacral hiatus were carried
out using vernier caliper with precision of at least
2 decimal places. The 3 measurements were as follows.
1. The inter - cornual distance (A) (Figure 1). 2. The
distance between sacral hiatal apex and the midpoint of
base (B). 3. The distance between sacral hiatal apex and
the lower border of the 5" sacral vertebra (B and C).
The data were analyzed by mean and standard deviation
(mean = SD) and the difference of distances between
particular points between male and female was performed
by using unpaired t-tests from SPSS software. A p — value.
of less than 0.05 was considered significant. This research
was approved from the human research ethics committee

of Faculty of medicine, Thammasat university.

Figure 1 The three methods to measure sacral hiatus

(A) Inter - cornual distance.

(B) Distance between sacral hiatal apex and the midpoint of base.

(B and C) Distance between sacral hiatal apex and the lower border of the 5" sacral vertebra.
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Results cases; 69.44 %). The second most common shape was
The shapes of sacral hiatus were inverted - U, inverted - V shape (male 33 cases; 20.25 %, female 13
inverted - V, irregular, dumbbell, elongated, bifid, fused cases; 18.06 %). The inverted - U, inverted - V, elon-
and agenesis (Figure 2 to 9; Table 1). gated and agenesis shapes were found 81.28 percent
The most common shapes of sacral hiatus were (male 77.30 % and female 90.28 %).
inverted - U shape (male 78 cases; 47.85 %, female 50
Table 1 Shape of sacral hiatus (n = 235)
Male Female Total
Shape Number Percentage Number Percentage Number Percentage
Inverted - U 78 47.85 50 69.44 128 54.47
Inverted - V 33 20.25 13 18.06 46 19.57
Irregular 20 12.27 6 8.33 26 11.06
Dumbbell 5 3.07 0 0 5 2.13
Elongated 14 8.69 2 2.78 16 6.81
Bifid 8 491 1 1.39 9 3.83
Fused 4 2.45 0 0 4 1.7
Agenesis 1 0.61 0 0 1 0.43
Total 163 100 72 100 235 100

=
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Figure 2 Inverted - U shaped sacral hiatus Figure 3 Inverted - V shaped sacral hiatus
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Figure 4 Irregular shaped sacral hiatus Figure 5 Dumbbell shaped sacral hiatus

Figure 6 Elongated shaped sacral hiatus Figure 7 Bifid shaped sacral hiatus

Figure 8 Fused shaped sacral hiatus. Figure 9 Sacral hiatus without dorsal wall of

sacral canal (agenesis of dorsal wall

of sacral canal)
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Table 2 showed the apex of sacral hiatus was In female, the apex of sacral hiatus was com-
commonly found at the level of the 4" sacral vertebra monly found at the level of lower half of the 4" sacral
(62.98 %). vertebra (29 cases, 40.28 %).

In male, the apex of sacral hiatus was commonly
found at the level of lower half of the 4" sacral vertebra

(58 cases, 35.58 %).

Table 2 Level of apex of sacral hiatus (upper and lower half of sacral vertebrae)

Level of apex of Male Female Total
sacral hiatus Number Percentage Number Percentage Number Percentage
Upper half of S2 body 1 0.61 1 1.39 2 0.85
Lower half of S2 body 1 0.61 0 0 1 0.43
Upper half of S3 body 1 6.75 1 1.39 12 5.11
Lower half of S3 body 25 15.34 4 5.56 29 12.34
Upper half of S4 body 41 25.15 20 27.78 61 25.96
Lower half of S4 body 58 35.58 29 40.28 87 37.02
Upper half of S5 body 16 9.81 14 19.44 30 12.77
Lower half of Sb body 5 3.07 3 417 8 3.40
No identified 5 3.07 0 0 5 213
(Fused or agenesis)
Total 163 100 72 100 235 100
The base of sacral hiatus was commonly found at In female, the base of sacral hiatus was com-
the level of the 5" sacral vertebra (76.6 %) as shown in monly found at the level of upper half of the 5" sacral
table 3. vertebra (51.39 %).

In male, the base of sacral hiatus was commonly
found at the level of upper half of the 5" sacral vertebra

(63.99 %).

Table 3 Level of base of sacral hiatus (upper and lower half of sacral and coccyx vertebrae)

Level of base of Male Female Total
sacral hiatus Number Percentage Number Percentage Number Percentage

Upper half of S4 body 13 7.98 4 5.56 17 7.23
Lower half of S4 body 7 4.29 5 6.94 12 511
Upper half of S5 body 88 53.99 37 51.39 125 53.20
Lower half of S5 body 38 23.31 17 23.61 55 23.40
Upper half of Col body 13 7.98 9 12.50 22 9.36
Lower half of Col body 0 0 0 0 0 0

No identified (Fused) 4 2.45 0 0 4 1.70

Total 163 100 72 100 235 100
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In most cases (57.02 %), the distance between
sacral hiatal apex and the midpoint of base was 11-20 mm
(male 52.15 % and female 68.06 %) as demonstrated in

table 4.

The mean distance between sacral hiatal apex and
the midpoint of base in male was 19.89 + 9.05 mm and
15.63 £ 5.29 mm in female. The difference of this mean
distance between male and female was statistically

significant (p = 0.0002).

Table 4 Distance between sacral hiatal apex and the midpoint of base

Distance between sacral

Male Female Total
hiatal apex and the Number Percentage Number Percentage Number Percentage
midpoint of base
0-10 mm 14 8.59 11 15.28 25 10.64
11-20 mm 85 52.15 49 68.06 134 57.02
21-30 mm 43 29.45 12 16.67 60 25.63
31-40 mm 10 6.13 0 0 10 4.26
41-560 mm 5 3.07 0 0 5 213
> 50 mm 1 0.61 0 0 1 0.43
Total 163 100 72 100 235 100

In most cases (40.85 %), the distance between
sacral hiatal apex and the lower border of the 5" sacral
vertebra was 21-30 mm in male (42.94 %) and 11-20
mm in female (45.83 %) (Table 5).

The mean distance between sacral hiatal apex and
the lower border of the 5" sacral vertebra in male was
26.44 = 11.49 mm and 21.75 + 8.23 mm in female. The
difference of this mean distance between male and female

was statistically significant (p = 0.002).

Table 5 Distance between sacral hiatal apex and the lower border of the 5" sacral vertebra (S5)

Distance between sacral

Male Female Total
hiatal apex and the
Number Percentage Number Percentage Number Percentage

lower border of Sb
0-10 mm 9 5.52 2 2.78 11 4.68
11-20 mm 34 20.86 33 45.83 67 28.51
21-30 mm 70 42.94 26 36.11 96 40.85
31-40 mm 36 22.09 9 12.5 45 19.15
41-560 mm 8 4.91 2 2.78 10 4.26
> 50 mm 6 3.68 0 0 6 2.65
Total 163 100 72 100 235 100

In most cases (54.04 %), the inter - cornual distance
was 16-20 mm (male 52.76 % and female 56.94 %)

which was shown in table 6.

The mean inter - cornual distance in male was
16.55 + 452 mm and 16.55 + 3.217 mm in female. The
difference of this mean distance between male and female

was not statistically significant (p = 1.00).
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Table 6 Inter - cornual distance
Male Female Total
Inter - cornual distance Number Percentage Number Percentage Number Percentage
0-5 mm 4 245 0 0 4 1.7
6-10 mm 14 8.59 3 4.17 17 7.23
11-15 mm 38 23.31 21 29.17 59 25.11
16-20 mm 86 52.76 41 56.94 127 54.04
21-25 mm 17 10.43 7 9.72 24 10.21
26-30 mm 4 2.45 0 0 4 1.7
Total 163 100 72 100 235 100

Discussion and Conclusion

Discussion

The present study found that most common sacral
hiatus in male and female had inverted - U shape (54.47
%). The second most common was inverted - V shape
(19.57 %). The finding is similar to the result of the
studies by Nagar SK° Aggarwal et af® and Suma et al’
that most common sacral hiatus had inverted - U shape
(415 %, 40.35 % and 44 %, respectively). However, the
studies by Kumar et al* and Kumar et al’ found that the
most common shape was inverted - V and inverted - U
shape was the second most common. The five research-
es were conducted on Indian population. Despite the fact
that they were from the same country, the shapes of
sacral hiatuses were still different. The present study
found that most common sacral hiatus in Thammasat and
Chiangmai university were inverted - U and inverted - V
shape. This result may be due to the same sources in
the north of Thailand. In Africa, the studies by Nijihia et
al"" found that the most common shape was inverted
— V shape (Table 7). The present study found that 62.98
percent of the positions of the apexes were at the 4"
sacral vertebra. This is similar to the studies by Shino-
hara H® (75 %), Sekiguchi et al® (65 %), Nagar SK°
(55.9 %), Kumar et al* (76.2 %), Kumar et a° (72 %),

Njihia et al'" (62 %) and Suma et al’ (775 %). And the
positions of the apexes were found from the level of 2™
to 5" sacral vertebra in accordance with the study by
Nagar SK.° Additionally, 77.92 percent of the positions of
the bases were at the 5" sacral vertebra, which is
similar to the studies by Nagar SK°, Aggarwal et a® and
Suma et al.” Regarding the distance from sacral hiatal
apex to the midpoint of base, most measurement was
11-20 mm (567.02 %). The mean value for male was 19.89
+ 9.05 mm and female was 15.63 + 5.29 mm, similar
to the studies by Nagar SK® and Kumar et al* (Table 8).
The distance from sacral hiatal apex to the lower border
of the 5" sacral vertebra, in most cases, was in the
range of 21-30 mm. The mean value for male was
26.44 = 11.49 mm and female was 21.75 + 8.23 mm.
The inter - cornual distance, in most cases, was in the
range of 16 - 20 mm, which is similar to the study by
Roh et al."® On the other hand, the studies by Nagar
SK® Sekiguchi et al’, Kumar et al* and Aggarwal et al’
found that the values were in the range between
10-15 mm (Table 9). The result of present study of sacral
hiatus was different from the results of other researchers.
This may be due to racial differences and age ranges.
Further studies should be comparison for each age range

and gender so that the result will be more accurate.
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Table 7 Comparison of the shapes of sacral hiatuses in India, Africa and Thailand

Country Researcher Shape of sacral hiatus Percentage

India Kumar V, et al. (1992) Inverted - V (both male and female) 46.53
Nagar SK. (2004) Inverted - U (both male and female) 415

Kumar V, et al. (2009) Inverted - U (male) 393

Inverted - V (female) 50.6

Aggarwal A, et al. (2009) Inverted - U (both male and female) 40.35

Suma HY, et al. (2011) Inverted - U 44.0

Africa Njihia BN, et al. (2011) Inverted - V 32.1
Thailand The present Inverted - U (both male and female) 54.47
Inverted - U (male) 47.85

Inverted - U (female) 69.44

Table 8 Comparison of the distance between sacral hiatal apex and

the midpoint of base in India, Africa and Thailand

Length (mm)

Country Researcher
Male Female Both
India Kumar V, et al. (1992) 20.0 £ 10.2 189 = 7.0 -
Nagar SK. (2004) - - 11 - 20
Africa Njihia BN, et al. (2011) - - 431 + 129
Thailand The present 19.89 + 9.05 15.63 = 5.29 18.58 + 8.30
Table 9 Comparison of the inter - cornual distance in other countries and Thailand
Length (mm)
Country Researcher
Male Female Both
India Kumar V, et al. (1992) 13.0 + 3.8 125 + 3.2 -
Nagar SK. (2004) - - 10 - 15
Aggarwal A, et al. (2009) - - 11.95 + 2.78
Japan Sekiguchi M, et al. (2004) - - 10.2 £ 0.35
Korea Roh JH, et al. (2005) - - 171 = 0.4
Thailand The present study 16.55 + 4.52 16.55 + 3.21 16.55 + 4.15
Conclusion was not statistically significant. In most cases, the apex

The size of sacral hiatus, the mean distance from
apex to the midpoint of base and from apex to the
lower border of the 5" sacral vertebra were significantly
different between male and female. However, the differ-

ence of mean inter - cornual distance in male and female

and base of sacral hiatus were at the 4" and 5" sacral
vertebrae, respectively and the most common shape was
inverted - U. The inverted - U, inverted - V, elongated
and agenesis shapes were found 81.28 percent (male

77.30 % and female 90.28 %, respectively). Thus, this
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study suggests a high chance of success for the caudal
epidural anesthesia in Thai patients, especially in females.
The knowledge of shape, position and size of sacral hia-
tuses, could be useful in assessing the position of sacral
hiatus and planning of caudal epidural anesthesia for Thai

patients more accurately.
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AILVUILAZINIAYEY sacral hiatus lunszgnldnssiuwmiuyesauing
apafnan §9sdda%, vas AnwalveUnIel*, KIgN NRITNIYWATISH**
* §19N123NAMEAS J0NWINIAARINTARTEN AMTUNNLAIERS ANINE1ARITINAENS

* 21A3INNEINIAAIERS AMULAMEAERS Nn1Inenaedednd

uns: WeRAN®IIUIN AunILazIuInYee sacral hiatus Tunszgnldnssiuumiuyasauing

Fasfawr:  n193ReUANINTEYlANTEUMIATLAIUIL bae TU INATIY oba TU INAVDY ol TU B1YTENIN
wo-so U AMNABTHNNLANFNT WM1IN1ARIIINAENT wazanInesededlvl Tnadnwigusne
AU LAZINIAYBY sacral hiatus 1AEdnTTEEN19331IN9 sacral comu P19teuazydn uazinsses
M19370 sacral hiatal apex LU99AN9NA19989 base UAZYDUANUBINTEANIANTLUBWMALIUN @
Witpyafildandinasiuasnageuninuuans19vesaadelag unpaired test

nan1sfny:  A9ulwai3Usees sacral hiatus LUIUA U 9anauiegas ee.ca 63 V HINAUTREAZ oa.ce JUI9
LIl UTOYAT 00.00 HATIUINYIITOUAT ©.@e apex HAZ base ¥BY sacral hiatus &3ulnaYATIAY
ITAUNTLANINTUUMALTIUN @ (38882 db.ae) WASNITANIFNTLUUWTLTWT ¢ (S8R ab.0)
ANAGU AIANNLIRALAIN apex DNAANINAY base ¥BY sacral hiatus ALY oa.de =
@.0¢ NAALUAT LAZWARGIVNAY o€oe + Elbe JAANAT TILANANAUDYNARYE1AYTITLAU
0.000l AIAIINLIIAALAIN apex UDY sacral hiatus T9YOUANYBINTTYNLANILUBWARLTIUT @
INARIUYINAY oe.c¢ + 0o.do NAALNAT LASINARDINNNL wo.0le + cloa NAANAT TILANFIIW
DYNNRNYBIAUNTLAU 0.00 RIUAIAINYIIRAYILHIN sacral comnu BNTAMNLANAIIAUTEHING
LN AU LA S LN FA )

3130 Az 91%398Uny sacral hiatus JUSD U HIndu gUdy vV 9anau 3Us19en wazkuulaifinedennunaeyas

ATUNANTIIANBN: sacral canal AALTUSDEAY @o.bw (NAYIEFDUAZ wol.o LASINANNFDEAZ do.be) HIUUANANTAAWN
Wdaunzhinslienseiuanaidniduliamsilugtigaulneiilonidussduanndiiagelag
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