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Background: The sacral canal is a component of the vertebral canal located within the sacrum. Aberrations in the
embryogenesis of the sacrum can result in multiple vertebral anomalies. Complete non-fusion of the sacral
spinous process, leading to an open dorsal wall of the sacral canal, can occur independently or be associated
with other developmental anomalies. Our study aimed to ascertain the prevalence of open sacral canals within
the western Maharashtrian population, as well as to demarcate the spectrum of concomitant embryological
anomalies observed in individuals exhibiting this morphological variation.
Methodology: This retrospective study analysed 200 samples, including 106 males and 94 females, using com-
puted tomographic (CT) sacral images collected over a 36-month period. The study assessed the prevalence of an
open sacral canal. Simultaneously, individuals with positive findings on CT images were also corroborated for
the presence of additional developmental anomalies documented in the respective CT images.
Results: This study showed the prevalence of an open sacral canal in 3 out of 200 CT images. Individuals with
positive findings on the CT also exhibited additional abnormalities. A 48-year-old female had a right-sided
hypoplastic kidney and type IV lumbosacral transitional vertebra (LSTV) according to Castellvi’s classification. An
88-year-old male presented with an ectopic kidney (pelvic kidney) and renal calculi. A 26-year-old male showed
spina bifida at the 5th lumbar vertebra, an extrarenal pelvis (right), and pelvic ureteric junction obstruction with
hydronephrosis (left).
Conclusions:  The present study revealed a prevalence of 1.5% for the complete absence of the dorsal wall of the
sacral canal. Furthermore, it revealed the presence of additional developmental anomalies in adjacent verte-
brae and kidneys. It is essential to confirm a prior diagnosis of complete absence of the dorsal wall of the sacral
canal during the pre-anaesthesia check, as this condition absolutely contraindicates the use of caudal epidural
anaesthesia. All sacral vertebral anomalies require a comprehensive evaluation to rule out other developmen-
tal anomalies, particularly renal anomalies.
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BACKGROUND

METHODS

Embryogenesis of the sacrum occurs from the
sclerotome and passes through three phases:
pre-cartilaginous phase, chondrification/carti-
laginous phase, and ossification phase. During
the cartilaginous phase, the chondrification cen-
ter appears during the 6th week [1]. During the
ossification phase, each vertebra develops from
four primary centers and five secondary centers.
Deviation/aberration in the embryogenesis of
the sacral sclerotome can result in various sac-
ral anomalies.  The present study focuses on
identifying the prevalence of complete absence
of the dorsal wall of the sacral canal and other
associated developmental anomalies.
The mechanisms of various sacral anomalies are
as follows:
Spina Bifida: Normally, the centrum has two
primary centers, which eventually fuse to form
a single primary center for the centrum. Each
neural arch develops from one primary center.
Failure of embryonic fusion of the two halves of
the neural arches results in spina bifida
Hemi Vertebra: Each vertebra develops from
two chondrification centers. The non-appear-
ance of one of these centers leads to a
Hemivertebra.
Lumbarisation of the first sacral vertebra:
Fusion of the first sacral vertebra with the fifth
lumbar vertebra. The first sacral vertebra re-
mains separate from the rest of the sacrum
Spondylolisthesis: Displacement of the verte-
bral body caused by failure in the formation of
articular facets.

The present study is a retrospective study con-
ducted on 200 samples (106 males and 94 fe-
males) computed tomographic (CT) sacral im-
ages in the Department of Anatomy/ Radiology,
Medical College in western Maharashtra be-
tween February 2023 to February 2025. Ethical
approval for the study was obtained from the
institutional ethical committee.
Inclusion and Exclusion Criteria: The computed
tomographic images of the pelvic region of both
males and females, which accurately displayed
the dorsal surface of the sacrum, were included
in the study. CT images with incomplete sacral

RESULTS

exposure were excluded from the analysis.
Data Analysis: IBM Statistical Package for the
Social Sciences (SPSS), version 23, was used for
the current study. With a confidence level of 95%
and a P value of < 0.05, it was considered sta-
tistically significant.
Sample size: The sample size was calculated
using the prevalence formula. With Z = 1.96 (95%
confidence interval), p = 0.193 (1.93%), and d =
0.05 (5%), the required sample size is 29, based
on the study by Evangelos N et al. [2]. The cur-
rent study was carried out on 200 samples (200
CT images were studied).
Methodology: 200 CT images of the sacrum
were analysed to determine the prevalence of
complete absence of the dorsal wall of the sac-
ral canal and other associated developmental
anomalies using a 16-row detector CT scanner
(Somatom Emotion, Siemens, Germany).

DISCUSSION

The present study showed that the prevalence
of an open sacral canal/absent dorsal wall of
the sacral canal was 3 in 200 CT images. Indi-
viduals with an absent dorsal wall of the sacral
canal on the CT also exhibited additional find-
ings.
1.  A 48-year-old female had a hypoplastic right
kidney and a type IV lumbosacral transitional
vertebra (LSTV) according to Castellvi’s classifi-
cation. [Figure: 1-3]
2.  An 88-year-old male presented with abdomi-
nal pain. Oblique coronal reformatted CECT of
the abdomen showed renal calculi and an ec-
topic kidney (pelvic kidney). [Figure 4 and 5]
3.  A 26-year-old male exhibited spina bifida at
the 5th lumbar vertebra, an extrarenal pelvis
(right) and pelvic ureteric junction obstruction
with hydronephrosis (left). [Figure 6 and 7]

The sacrum is an irregular bone, is formed by
the fusion of five sacral vertebrae. The foramina
and the laminae of all sacral vertebrae undergo
fusion during the development of the sacrum,
collectively forming the sacral canal. This sac-
ral canal serves as a passage for the cauda
equina, sacral nerve roots, and filum terminale
[3].
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Case 1: (48-year-old Female)

Fig 1: VRT Image showing the Unfused dor-
sal wall of the sacral canal.

Fig 2: Coronal Reformatted CECT Image
Showing Hypoplastic Kidney (Right) With
Compensatory Hypertrophy of Left Kidney.

Fig 3: Coronal Reformatted image of LS
Spine Bone Window Showing Type IV LSTV

Case 2: (88-year-old Male)

Fig 4: VRT Image showing Unfused dorsal wall of sacral canal.
Fig 5: Oblique Coronal Reformatted CECT Abdomen Showing
Ectopic Right Kidney (Pelvic Kidney) associated with multiple non-
obstructive calculi in the right renal pelvis.

Case 3: (26-year-old Male)

Fig 6: VRT Image showing Unfused dorsal wall of sacral canal.

Fig 7: VRT image of CT urography showing  -Extrarenal pelvis (right)
-PUJ Obstruction with Hydronephrosis (Left)

(R – Right, L - Left)

Failure of embryonic fusion of the two halves of
the neural arches results in spina bifida. Non-
fusion of all neural arches from S1 to S5 leads
to an open dorsal wall of the sacral canal. The
present study revealed a prevalence of 1.5% (3
in 200 CT sacral images) for an unfused dorsal
wall of the sacral canal, as determined by CT
scans; a comparison table is presented in Table
1. Additionally, all three individuals with unfused
dorsal walls of the sacral canal on CT images
also had other associated anomalies.

Table 1: Prevalence of absent dorsal wall of the sacral canal in
various studies.

Author Sample Size Prevalence %

Kumar et al. 1992 [4] 202 1.49

Nagar SK et al. 2004 [5] 263 1.5

Senoglou et al. 2005 [6] 96 2.08

Patel et al. 2011 [7] 150 2

Kiran et al. 2011 [8] 50 2

Singh R et al. 2013 [9] 140 1.4

Saha D et al. 2016 [10] 125 1.6

Punja et al . 2021 [11] 50 2

Abera et al . 2021 [12] 61 1.63

Evangelos N et al  2024 [2] 155 1.93

Present study 200 1.5
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Case 1: A 48-year-old female additionally showed
a right-sided hypoplastic kidney and Type IV LSTV
Renal hypoplasia is classified into three types:
simple, oligo-meganephronic and segmental
hypoplasia [13]. Simple hypoplasia is defined as
a 50% reduction in the weight of the kidney,
which more often results in hypertension. Oligo-
meganephronic hypoplasia is characterized by
fewer but enlarged nephrons. Segmental hypo-
plasia is characterized by hypoplastic blood ves-
sels and widely spaced collecting ducts [14].
The lumbosacral transitional vertebra (LSTV) in-
cludes lumbarization of the sacral vertebra and
sacralization of a lumbar vertebra, with preva-
lence ranging from 4% -30% [15]. According to
Castellvi’s Classification [16], lumbosacral tran-
sitional vertebrae (LSTV) are classified into four
types: -
Type I: Enlarged and dysplastic transverse pro-
cess (at least 19 mm)
Type II: Pseudo articulation of the transverse
process and sacrum with incomplete lumbariza-
tion/ sacralization; enlargement of the trans-
verse process with pseudoarthrosis
Type II A: Unilateral
Type II B: Bilateral
Type III: Transverse process fuses with the
sacrum and there is complete lumbarization/
sacralization, enlarged transverse process with
complete fusion
Type III A: Unilateral
Type III B: Bilateral
Type IV Involves a unilateral type II transition
with a type III on the contralateral side.
This individual, in addition to the non-fused dor-
sal wall sacral canal, showed simple renal hy-
poplasia and type LSTV IV (Type II A on the right
and type III A on the left side)
Case 2: An 88-year-old male presented with an
ectopic kidney and calculi. The kidney and
ureter develop from the metanephric blastema
and the ureteric bud. During its initial stages of
embryogenesis, the kidney is located in the sac-
ral region and gradually ascends to its defini-
tive adult position in the lumbar region. Failure
of the ascent of the kidney to its definitive
position results in an ectopic kidney. The ectopic

kidney can be located within the pelvis or as
high as the thoracic region, and it continues to
receive blood supply from its transitory blood
vessels [17]. An ectopic kidney may be asymp-
tomatic or may present with recurrent urinary
tract infections or renal calculi.
This individual, identified with the absent dor-
sal wall sacral canal, also exhibited the pres-
ence of an ectopic kidney (pelvic kidney) with
calculi in the renal pelvis.
Case 3: A 26-year-old male displayed spina bifida
at the 5th lumbar vertebra, an extrarenal pelvis
(right), and pelvic ureteric junction obstruction
with hydronephrosis (left).
Non-fusion of the neural arches of the 5th lum-
bar vertebra causes spina bifida at LV 5. Spina
bifida is generally classified into spina bifida
occulta and spina bifida cystica. In spina bifida
occulta, there is no protrusion of the meninges
or spinal cord; however, in spina bifida cystica,
there is a protrusion of the meninges only, lead-
ing to meningocele, or a protrusion of both the
meninges and spinal cord, resulting in menin-
gomyelocele.
Extrarenal pelvis is a pelvis predominantly out-
side the renal sinus, and it is larger and more
distensible than an intrarenal pelvis; its inci-
dence rate is approximately 10% [18].
Pelviureteric junction (PUJ) obstruction is a com-
mon urological condition with an unknown inci-
dence among adults [19]. The cause of PUJ ob-
struction can be intrinsic, such as stenosis, or
extrinsic, caused by crossing accessory vessels
[20]. PUJO can lead to congenital hydronephro-
sis or may remain asymptomatic and be detected
incidentally during adulthood [21].
Considering that the spinal cord terminates at
the level of the L2 vertebra, the complete ab-
sence of the dorsal wall of the sacral canal does
not contribute to medical conditions. However,
it plays a significant role in caudal epidural ana-
esthesia, urological surgeries, and other related
procedures.
The dorsal surface of the sacrum provides at-
tachment for multiple muscles, such as multifi-
dus and erector spinae; in the completely ab-
sent dorsal wall of the sacral canal, the area for
muscular attachment is drastically reduced,
which causes persistent low back ache [9].
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CONCLUSION

Caudal epidural anaesthesia (CEA) is frequently
used in paediatric and gynaecological surger-
ies. The procedure for CEA involves positioning
the patient in a lateral decubitus position, then
palpating the apex of the sacral hiatus and the
lower ends of the sacral cornua, which define
the lateral boundaries of the sacral hiatus, fol-
lowed by a caudal puncture [22]. The absence
of a dorsal wall in the sacral canal makes ad-
ministering CEA more challenging.
A study by Galloway et al. [23] found a higher
number of sacral spina bifida occulta cases in a
small group of adults with lower urinary tract
problems, such as detrusor hyperreflexia dur-
ing filling, low bladder compliance and impaired
bladder sensation.
Limitation: The present study was conducted
on CT images of population which were a sub-
set of the western Maharashtra population. So,
the current study results cannot be generalised
to the entire population.

The current study reported a 1.5% prevalence
of complete absence of the dorsal wall of the
sacral canal. It also revealed the presence of
other developmental anomalies in the adjacent
vertebrae and kidneys of individuals with an
absent dorsal wall of the sacral canal. There-
fore, it is crucial that all sacral vertebral anoma-
lies undergo thorough assessment to identify
additional developmental issues, particularly
renal anomalies.
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