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ABSTRACT
Objectives: The study was designed to identify whether there is any association between the variations of sacral
hiatus with low back pain (LBP) using the pelvic radiographs of the LBP patients.
Methods: One hundred and fifty digital radiographs include age group of patients between 15 to 50 years of
both male and female patients were included in this study. Out of which 100 digital radiographs were of patients
with history of LBP positive and 50 digital radiographs are from the LBP negative persons. The morphometry of
radiographs were measured using Image-J software and then the measurements of LBP positive radiographs
were compared with the measurements of radiographs with LBP negative persons.
Results: In 86 % of LBP negative radiographs, the sacral hiatus was inverted -U shape and in 14 % the sacral hiatus
was inverted -V shape. Deficient dorsal wall of the sacrum was not observed in LBP negative radiographs. The apex
of the sacral hiatus in LBP negative radiographs was observed the most at S4 level. Deficient dorsal wall was found
in 3 % (1% in Partial and 2% in complete) patients presented with LBP positive. Absence of sacral hiatus, a rare
phenomenon was observed in 2% of cases in LBP positive radiographs. The apex of the sacral hiatus in the LBP
positive patients observed at the S3 level were 52 % and 34 % in S2 level respectively
Conclusion: The patients with LBP positive radiographs had a higher percentage of deficient dorsal walls in comparison
to the LBP negative radiographs.
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INTRODUCTION
The sacrum is a large triangular bone. The word
sacrum means “Sacred” in Latin. In English it is
the large heavy bone at the base of the spine.
The name is derived from the Latin word,
“sacred” a translation of the Greek word hieron
(osteon), meaning sacred or strong bone. The
Romans called the bone, the “Os Sacrum” which
literally meant the “Holy bone”. In Greek
“hieron” meant not only sacred but also a “Temple”.
Int J Anat Res 2016, 4(1):1758-64. ISSN 2321-4287

It was in the sense that in its bony concavity
laid the sacred organs of procreation, the ovaries
and uterus [1,2]. The sacrum is placed between
the two innominate bones and forms Posterosuperior wall of the pelvic cavity. The opening
present at the caudal end of sacral canal is
known as sacral hiatus. It is formed due to the
failure of fusion of laminae of the fifth
(occasionally 4th) sacral vertebra. It is located
inferior to the 4th (or 3rd) fused sacral spines or
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lower end of median sacral crest [3,4].
Deficiency of bone in the region of sacral hiatus
is covered by Superficial and deep posterior
sacrococcygeal ligaments which are attached to
the margins and floor respectively [5].
The sacral hiatus shows variations in the development [6] leading to highly placed gap in the
midline, sometimes there may be incomplete
fusion of the laminae of all the sacral vertebrae
leading to a midline gap. This leads to decreased
surface area for the attachment of extensor
muscle at the back which may lead to painful
conditions of the back [7]. Two thirds of the adult
population is at least once in their life affected
by back pain. This pain, as is usually described
by the patients, stands in closer sense for
complaints of the lower lumbar spine and/or of
the lumbo-sacral transition [8]. Caudal analgesia
is used during surgical procedures in urology,
proctology, general surgery, obstetrics &
gynecology and orthopaedics. It is also used for
three dimensional colour visualization of
lumbosacral epidural space [9-12]. As the sacral
hiatus is the passage for 5th sacral and coccygeal
nerves it is used for caudal epidural anaesthesia
for operations of sacral dermatome [13-15].
And the reliability and success of caudal epidural
anaesthesia depends upon anatomical
variations of sacral hiatus [16-18]. The lower
termination of the dural sac and high placed
apex of the sacral hiatus are the two factors
posing real danger[19].
The aim of the present study is to find out the
correlation between the anatomical variations
of sacral hiatus and mechanical low back pain
with radiology of Low Back Pain (LBP) patients.

Radio-diagnosis in the Teaching Hospital of
National Medical College, Birgunj, Parsa , Nepal
region. Out of which 100 digital radiographs were
of patients with history of LBP and 50 digital
radiographs are from the LBP negative persons.
Radiographs from the age group of patients less
than 15 years and more than 50 years were
excluded. The radiographs obtained from the
patients with other spinal deformities, who have
undergone any spinal surgery, pregnant ladies
and obese patients with pot bellies were
excluded from this study.
The morphometry of sacral hiatus was studied
by measuring the following parameters in all the
digital radiographs:
· The shape of sacral hiatus was noted by naked
eye appearance.
· Level of apex of sacral hiatus was noted with
respect to sacral vertebra.
· Level of base of sacral hiatus was noted with
respect to sacral vertebra.
· The length, antero-posterior width & transverse width of sacral hiatus were measured using
the Image-J software.
The measurements were then recorded by using
tables and graphs [20,21].
OBSERVATIONS
1. IN LOW BACK PAIN NEGATIVE PERSONS
Shape of the sacral hiatus: In 86% of cases the
shape of sacral hiatus was Inverted–U.

Percentage of Specimens

Graph 1: Shape of sacral hiatus in X-ray of Low Back
Pain Negative Sacra.

MATERIALS AND METHODS
One hundred and fifty digital radiographs
includes age group of patients between 15 to
50 years of both male and female patients were
obtained from the department of Imaging &
Radio-diagnosis in the Teaching Hospital of
National Medical College, Birgunj, Parsa , Nepal

Different shapes of Sacral Hiatus in X-ray of Low Back Pain Negative
Sacra

Different shapes of Sacral Hiatus in X-ray of Low Back Pain Negative Sacra
FEATURES

Percentage of
Specimens

Inverted
U-Shaped
86

Inverted Dumb - bell
V-Shaped
Shaped
14

0

Bifid
Shaped
0
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Irregular Partial Complete
Shaped Deficient Deficient
0

0

0

Absent

0

Table 1: Shape of sacral
hiatus in X-ray of Low
Back Pain Negative Sacra.
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While in the remaining 14% of cases the shape
was Inverted-V where both the shapes are
considered as normal.
Apex of the sacral hiatus: In 88% of cases the
apex of the sacral hiatus lies at the level of fourth
sacral segment and in the remaining 12% of
cases it was found at the level of third sacral
segment.

Percentage of Specimens

Graph: 2: Level of Apex of Sacral Hiatus in X-ray of Low
Back Pain Negative Sacra.

Level of Apex of Sacral Hiatus in X-ray of Low Back Pain Negative
Sacra

Table 2: Level of Apex of Sacral Hiatus in X-ray of Low
Back Pain Negative Sacra.
Level of Apex of Sacral Hiatus in X-ray of Low Back Pain Negative Sacra
FEATURES

Percentage of
Specimens

First Sacral
Segment
0

Second
Sacral
Segment
0

Third
Sacral
Segment
12

Fourth
Sacral
Segment
88

Fifth Sacral
Segment

Deficient

0

0

Length of the sacral hiatus: The length of the
sacral hiatus ranged from 14mm to 22mm in the
x-ray of Low Back Pain negative cases.
Transverse width of sacral hiatus: The
transverse width of sacral hiatus was found to
vary between 18mm to 26mm in the Low Back
Pain negative cases.
Antero posterior width of sacral hiatus: In the
x-ray of Low Back Pain negative cases the
Antero-Posterior width of sacral hiatus varied
between 4mm to 8mm
2. IN LOW BACK PAIN POSITIVE PATIENTS
Shape of the sacral hiatus: There were many
variations seen in the x-ray of Low Back Pain
Positive patients. In only 39% of cases the shape
of sacral hiatus was Inverted-U and in 30% of
cases it was Inverted-V. In 3% it was dumb-bell
in shape and in 2% of cases it was bifid shape.
The shape of sacral hiatus was irregular in about
21% of patients. The dorsal wall of sacral canal
was partially deficient in 1 case and completely
deficient in 2 cases. Absence of sacral hiatus, a
rare phenomenon was observed in 2% of cases
only.
Fig. 1: Radiology of LBA Positive patients Sacra shows
Inverted - U shaped Hiatus.

Base of the sacral hiatus: In 92% of cases the
base of the sacral hiatus was present at the fifth
sacral segment and in 8% of cases it was found
at the fourth sacral segment level.

Percentage of Specimens

Graph 3: Level of Base of Sacral Hiatus in X-ray of Low
Back Pain Negative Sacra.

Fig. 2: Radiology of LBA Positive patients Sacra shows
Inverted - V shaped Hiatus.

Level of Base of Sacral Hiatus in X-ray of Low Back Pain Negative
Sacra

Table 3: Level of Base of Sacral Hiatus in X-ray of Low
Back Pain Negative Sacra.
Level of Base of Sacral Hiatus in X-ray of Low Back Pain Negative Sacra
FEATURES

Percentage of
Specimens

Third Sacral
Segment

Fourth Sacral
Segment

Fifth Sacral
Segment

First
Coccygeal
Segment

Deficient

0

8

92

0

0
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Fig. 3: Radiology of LBA Positive
patients Sacra shows Dumb - Bell
shaped Hiatus.

Fig. 4: Radiology of LBA Positive
patients Sacra shows Bifid shaped
Hiatus.

Fig. 5: Radiology of LBA Positive
patients Sacra shows Irregular
shaped Hiatus.

Fig. 6: Radiology of LBA Positive
patients Sacra shows Partial Deficient Dorsal wall.

Fig. 7: Radiology of LBA Positive
patients Sacra shows Complete
Deficient Dorsal wall.

Fig. 8: Radiology of LBA Positive
patients Sacra shows Absent Sacral
Hiatus.

Graph 4: Shape of sacral hiatus in X-ray of Low Back
Pain Positive Sacra.

Percentage of Specimens

Apex of the sacral hiatus: The level of apex
varied between S4 to S2 level. In 2% of cases
the sacral hiatus was completely obliterated and
the lower end of the sacral canal was closed
due to bony over growth. In 3% of cases the dorsal wall of sacral canal was deficient and so the
level of apex of sacral hiatus could not be ascertained in them. In 34% of cases, the apex was
found at the second sacral segment. In 52% of
cases, the apex was found to be present at the
third sacral segment. In 9% of cases the apex
Different shapes of Sacral Hiatus in X-ray of Low Back
extended up to fourth sacral segment.
Pain Positive Sacra
Different shapes of Sacral Hiatus in X-ray of Low Back Pain Positive Sacra
FEATURES
Percentage of
Specimens

Inverted U- Inverted V- Dumb - bell
Shaped
Shaped
Shaped
39

30

Fig. 9: Radiology of LBA Positive
patients Sacra shows Apex of Hiatus
at S2 Level.

3

Bifid
Shaped

Irregular
Shaped

Partial
Deficient

Complete
Deficient

Absent

2

21

1

2

2

Fig. 10: Radiology of LBA Positive
patients Sacra shows Apex of Hiatus
at S3 Level.
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Table 4: Shape of
sacral hiatus in Xray of Low Back Pain
Positive Sacra.

Fig. 11: Radiology of LBA Positive
patients Sacra shows Apex of Hiatus
at S4 Level.
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Percentage of Specimens

Graph 5: Level of Apex of Sacral Hiatus in X-ray of Low
Back Pain Positive Sacra.

Base of the sacral hiatus: The level of base was
found to vary between third sacral segment and
fifth sacral segment. In 5% of cases, the base
could not be noted due to deficient dorsal wall
in 3 cases and absence of sacral hiatus in 2
cases. In 53% of cases the base was found at
the level of fourth sacral segment. In 32% it was
found to lie at the level of fifth sacral segment
and in 10% of cases at the third sacral segment
level.

Level of Apex of Sacral Hiatus in X-ray of Low Back Pain Positive
Sacra

Level of Apex of Sacral Hiatus in X-ray of Low Back Pain Positive Sacra
FEATURES

First Sacral
Segment

Percentage of
Specimens

0

Second
Sacral
Segment
34

Third
Sacral
Segment
52

Fig. 12: Radiology of LBA Positive
patients Sacra shows Base of Hiatus
at S3 Level.

Fourth Fifth Sacral
Deficient
Sacral
Segment
Segment
9
0
5

Fig. 13: Radiology of LBA Positive
patients Sacra shows Base of Hiatus
at S4 Level.

Percentage of Specimens

Graph 6: Level of Base of Sacral Hiatus in X-ray of Low
Back Pain Positive Sacra.

Level of Base of Sacral Hiatus in X-ray of Low Back Pain Positive
Sacra

Table 6: Level of Base of Sacral Hiatus in X-ray of Low
Back Pain Positive Sacra.
FEATURES

Percentage of
Specimens

Level of Base of Sacral Hiatus in X-ray of Low Back Pain Positive
Sacra
Third
Sacral
Segment
10

Fourth
Sacral
Segment
53

Fifth Sacral
Segment
32

First
Coccygeal
Segment
0

Deficient
5
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Table 5: Level of Apex of Sacral Hiatus
in X-ray of Low Back Pain Positive
Sacra.
Fig. 14: Radiology of LBA Positive
patients Sacra shows Base of Hiatus
at S5 Level.

Length of the sacral hiatus: The length of sacral
hiatus ranged from 12mm to 51mm in Low Back
Pain Positive patients.
Transverse width of sacral hiatus: The
transverse width varied between 14mm to 32mm
in Low Back Pain Positive cases.
Antero posterior width of sacral hiatus: The
antero-posterior width of sacral hiatus was
found to vary between 3.7mm to 15mm in Low
Back Pain Positive patients.
DISCUSSION
The detailed morphometric study of sacral hiatus
is of great relevance, since this route is
frequently utilized for caudal epidural
anaesthesia. The variations of sacral hiatus may
also lead to mechanical low back pain
A. Shape of sacral hiatus: The above data were
compared with the radiographs of the patients
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with Low Back Pain positive radiographs with
the Low Back Pain negative radiographs . In this
study, the most common shape obtained was
Inverted-U which was 39% and Inverted-V which
was 30%, Dumb-bell shape was 3% and Bifid
shape was 2% which is similar to the study
reported by Nagar SK [22]. in which it is 1.5%.
Absence of sacral hiatus was only 2% in x-ray
study. Irregular shape (21%) was higher
compared to the study of Nagar SK [22]. (14.1%)
but lower to the study of previous worker Vishal
kumar et al [23] which has 30%.
B. Apex of the sacral hiatus: The apex was
most commonly found at the third sacral
segment in 52% of cases which is very high
when compared to study conducted by Vishal
kumar et al [23] which had only 9.6%. The next
highest percentage obtained was at the level of
second sacral segment (34%) which is also very
high when compared to all the other previous
studies. The level of apex was found at the fourth
sacral segment in only 9% of cases. In no cases
the level of apex was found at the fifth sacral
segment which is the same as that of the
radiological study conducted by Vishal kumar
et al [23].
C. Base of the sacral hiatus: The level of base
was mostly found at the fourth sacral segment
in 53% of cases which is high compared to all
the studies. In the above data the level of base
was found most commonly at the fifth sacral
segment of which the highest is 93.3% in the
study done by Rajapur parashuram [24] and it is
only 32% in the present radiographic study. Only
in 1% of dry sacra the base was at the level of
coccyx which is very low when compared to the
study done Nagar SK [22]. in 16.3% of sacra.
D. Length of the sacral hiatus: The length of
sacral hiatus measured in the radiographic study
varied between 12mm to 51mm which is high
compared to the present study. The values of
this radiographic study is somewhat similar to
the study done by Rajapur parashuram [24] in
which it varied between 4mm to 51mm.
E. Transverse width of sacral hiatus: The
transverse width of sacral hiatus varied between
14mm to 32mm in Low Back Pain Positive
radiographs which is higher than all the previous
studies.
Int J Anat Res 2016, 4(1):1758-64. ISSN 2321-4287

F. Antero posterior width of sacral hiatus: The
antero-posterior width of sacral hiatus ranged
from 3.7mm to 15mm in radiological study which
is somewhat similar to the study conducted by
Nagar SK [22]. in which it ranged from 2mm to
14mm but it is high compared to the other studies
conducted by Trotter et al (0mm to 11mm)
[25,26], Rajapur parashuram (1.5mm to 8.5mm)
[24] and Vinod kumar et al (0mm to 12mm) [27].
CONCLUSION
There are anatomical variations in the sacral
hiatus and the understanding of these variations
may improve the success of caudal epidural
anaesthesia which was reported by various
workers in the previous studies.
In the present study, the anatomical variations
of the sacral hiatus have been examined for it
being one of the important causes for
mechanical low back pain in the middle age. So,
in order to find out the relation between
mechanical low back pain and anatomical
variations of sacral hiatus, measurements of
sacral hiatus regarding its shape, level of apex
& base, length, transverse width & anteroposterior width were taken in x-rays of both Low
Back Pain Positive and Low Back Pain Negative
persons.
The Low Back Pain Positive patients showed a
wide range of anatomical variations in the sacral
hiatus which may be the reason for the same.
These variations of sacral hiatus due to
developmental malformations (i.e. incomplete
fusion of the laminae of the sacral vertebrae)
may lead either to highly placed apex or
sometimes even deficient dorsal wall (partial or
complete). This leads to the decreased surface
area for the attachment of extensor muscles of
the back and so even a mild stress to these
muscles will make it strain more and will result
in painful conditions of the back i.e. mechanical
low back pain.
Mechanical low back pain which occurs due to
this cause can be overcome or prevented by
practising certain exercises such as spinal
extension exercise regularly to strengthen these
extensor back muscles.
Conflicts of Interests: None
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