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Classification, Causes and Clinical Implications of Sacral
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Abstract Precise and systematic knowledge of normal and classified variant anatomy of sacral spina bifida occulta is
clinically important for anesthetists in locating sacral hiatus for nerve blocking, neurologists for bladder and bowl disorders,
radiologists for correct interpretation of images, orthopedic surgeons for surgical procedures and academically to anatomists
for correlating classes, their genesis and clinical implications. Therefore the study has been carried out. The examination of
140 dry sacra resulted in 55 normal and remaining 85 with sacral spina bifida occulta. The sacra with occult spina bifida were
morphologically classified in five categories. This congenital defect was genetically analyzed based on the results derived
from mice and clinical significance was elucidated. Classified sacral spina bifida occulta were as follows-Type-1(1.4%) with
completely open sacral canal, Type-II (2.1%) below S1 down to S5, Type-III (22.1%) below S2 down to S5, Type IV (33.6%)
below S3 down to S5 and Type-V S1 (1.4%) to S2 open with normal sacral hiatus at the apex of sacrum. This study will not
only enrich the encyclopedia of anatomy with new information on classification but also provide correlation between
classification, genesis and clinical implications for the first time. The knowledge will be of paramount importance to

anatomists and clinicians.
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1. Introduction

Spina bifida is a developmental defect of the vertebral
column in which laminae do not fuse and spinal cord remains
relatively unprotected because of absence of bony dorsal
wall on spinal cord. Spina bifida may be divided in two types
depending upon its exposed or occult condition:

1. In spina bifida cystica, if meninges alone herniate out
through bifida, it is known as meningocele or if both
meninges and neural tissue protrude out through this defect,
this is known as myelomeningocele[1].

2. In spina bifida occulta, the meninges and/or neural
tissue remain underneath skin. This defect is indicated more
often by a skin lesion such as a hairy patch, dermal sinus tract,
dimple, hemangioma, or lipoma .The occurrence of spina
bifida occulta in sacral region spreading from S1 to S5 has
been termed as sacral spina bifida occulta (SSBO).

Non-closure of laminae to various levels of sacrum
constitutes SSBO[2, 3]. Many sacra have S5 or also S4 open,
exposing the dorsal surface of the fifth sacral body[4]. Rare
and complete open sacral wall has also been observed as
cases[5, 6]. Radiological studies have investigated the
prevalence of this condition in the sacrum[7] in various
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populations, also analyzing X-rays that were originally taken
for other diagnostic purposes[8] or combined X-ray and
computed tomography to determine the level of SBO-S1[9]
and the radiographic study of 53 cadavers validated by six
dissected cadavers from Australian population reported the
incidence of variant SSBO[10]. Total occult sacral dysraphism
from S1 to S5 (dorsal interlaminar dehiscence), forming a channel
between the laminae has been reported by Vasilica et al.,[11].
Sacral spina bifida occulta has been recorded as a congenital
anomaly by Kumar and Tubbs[12]. Several studies of this
defect have been carried out by many authors[13, 14, 15] on
the name of sacral hiatus to improve the failure rate in caudal
epidural block.

The SSBO and associated diseases, including posterior
disc herniation, backache, enuresis and neurological
abnormalities of the feet, and functional disorders of the
lower urinary tract[10, 9, 16, 17] are very common. This
enhances the importance of the present study. The
classification of SSBO carried out under this study will not
only facilitate the clinicians in systematic diagnosis and
treatment of above mentioned diseases but also the
anatomists will be provided with enhanced data base and
systematization of study of SSBO. Additionally, the genetic
causes have also been analysed in this piece of work for
exercising appropriate precautions to control diseases related
to this defect detected during developmental period or after,
through cautious treatment and genetic counselling.
Therefore the study is of paramount importance for
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clinicians, radiologists and anatomists.

2. Material and Methods

140 dry Indian sacra obtained from the human Osteology
laboratory, Department of anatomy, have been examined for
variant anatomy of sacral spina bifida occulta. The varied
morphology of defective sacra has been classified into five
categories of SSBO depending upon the longitudinal extent
of opening of dorsal wall/sacral canal. The morphological
measurement of maximum width of body along with ala of
S1, length and width between sacral cornua of open part of
sacral canal and the dimensions of non-fused gaps between
vertebral bodies corresponding to these classes have been
measured by digital vernier calipers. The measurements have
been taken thrice by the same person to avoid inter observer
error. Causes of SSBO have been analyzed genetically
depending on the experiments on mice.

3. Results

The broken including sacralized sacra have been excluded
from the study. The classification of various types of SSBO
is illustrated below- SSBO in all figures stands for sacral
spina bifida occulta.

1. Type-I SSBO (Fig.1D and Fig. 1V): Dorsal wall is

completely open starting from top of S1 spine continuing up
to sacral hiatus at tip of sacrum in this class of SSBO.
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Figure 1D. represent "1-“-ype-I bifida on dofsa.l.surface of sacrum. S1, S2, S3,
S4 and S5 show sacral spinel to spine 5, SSBO stands for sacral spina bifida
occulta
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Figure-1V: Type I SSBO

Figure 1V. presents ventral surface of Type-I bifida. SSBO stands for
sacral spina bifida occulta

2. Type-1I SSBO (Fig.2D and Fig.2V): In this category, the
sacral canal is open below S1 down to S5.
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Figure-2D: Type I SSBO

Figure 2D. shows Type-II bifida on dorsal surface of sacrum. S1, S2, S3,
S4 and S5 show sacral spinel to spine 5, SSBO stands for sacral spina bifida
occulta
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Figure-2V: Type II SSBO

Figure 2V. presents ventral surface of Type-II bifida. SSBO stands for
sacral spina bifida occulta
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3. Type-IlIl SSBO (Fig.3 D and Fig.3 V): All the sacra in
this group possess open dorsal wall below S2 down to S5.

SSBO, Dorsal wall is open below S3 to S5.

0dss —

Figure-4D Type IV SSBO

Figure 4D. shows Type-1V bifida on dorsal surface of sacrum. S1, S2, S3,
S4 and S5 show sacral spinel to spine 5, SSBO stands for sacral spina bifida
occulta

Figure 3D. shows Type-III bifida on dorsal surface of sacrum. S1, S2, S3,
S4 and S5 show sacral spinel to spine 5, SSBO stands for sacral spina bifida
occulta

Ridges

Figure-3V Type III SSBO

Figure-4V Type IV SSBO

Figure 3V. presents ventral surface of Type-III bifida. SSBO stands for
sacral spina bifida occulta

Figure 4V. presents ventral surface of Type-1V bifida. SSBO stands for
sacral spina bifida occulta

4. Type-IV SSBO (Fig.4D and Fig.4V): In this class of

Table 1. Morphometry of classified bifid sacra

bC(i) iﬁ er:rilngz; Mean length of Mean distance Mean width Mean Prominent Ridge
Class of SSBO open §acra1 between. sacral of body in Wi(.ith of morphology
v o canal in mm cornua in mm mm ala in mm
Type 1 1-2 20-30 87+6.4 20 40 35 nil
Type 11 1-2 25-30 75+0.6 20 45 25 nil
Type I Nil nil 52+0.4 10 50 30 S1-S3
Type IV Nil nil 38+0.5 20 40 35 S2-S3
Type V Nil nil 16+0.2 10 45 20 S1-S3
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5. Type-V SSBO (Fig.5D and Fig.5V): In this class of sacra,
the sacral canal on dorsal surface is open between S1-S2.

\ Sacral Hixtus

Figure-SD Type V SSBO

Figure 5D. shows Type-V bifida on dorsal surface of sacrum. S1, S2, S3,
S4 and S5 show sacral spinel to spine 5, SSBO stands for sacral spina bifida
occulta

Figure-5V Type V SSBO

Figure 5V. presents ventral surface of Type-V bifida. SSBO stands for
sacral spina bifida occulta

The mean lengths of open sacral canal, vertical and
horizontal non fused gaps between bodies, distances between
corneas, width of body and ala of Slalong with ridge
morphology has been presented in Table-1.

In type-I, there are gaps between the costal elements of
S1-S2 and S2 -S3. High density of tiny vascular foramina has
been observed near the wider gaps and low density but larger
vascular foramina have been observed near the narrower

gaps.

In type-Il costal elements have completely fused.
Comparatively high density vascular foramina are present
near the larger gap. Density and size decreases as gap
between the bodies decreases.

In type-IIl also the bodies and costal elements have
completely fused and the density and size of vascular
foramina has drastically reduced.

In type-1V ventral surface is normal. The bodies and costal
elements have completely fused and density and vascular
foramina almost absent.

Type-V, SSBO has not been reported and is a new
finding. The sacral hiatus is small with the length of 15 mm
measured between the 4™ spine and apex of the sacrum.
There is complete fusion of body and costal elements and
vascular foramina have also reduced both in size and
number.

4. Discussion

For comprehensive and systematic study of the entire
spectrum of sacral spina bifida occulta (SSBO) as observed
in this experiment has been classified in five classes as
elaborated in result section.

Since spinal cord ends at L1 level and the dural sac ends at
the level of the second vertebrae of the sacrum but total spina
bifida and detection of the dura mater just beneath the hiatus
have also been reported in 1% of cases[18], therefore sacral
canal (in a normal case) below this level contains extradural
fat, vertebral venous plexus, lower sacral nerve roots and the
filum terminale only. As present study is focused on the
variant anatomy of open sacral canal, so in case of classified
SSBO’s Type-I, II and V, Dural sac, extramural fat, sacral
nerve roots and film terminable are exposed to skin
remaining underneath it. Under this new envelop of soft skin
in place of hard dorsal wall the covered structures may
generate signs of presence of SSBO over the skin. Thus a
skin lesion such as a hairy patch, dermal sinus tract, dimple,
hemangioma, or lipoma may be indicators of underlying
SSBO. Additionally, the lesions indicating herniation of
lipomatous mass may attach to nerve roots thus tethering
them. Lipomatous mass envelops both dorsal and ventral
nerve roots, or only the dorsal nerve roots, or simply the
filum terminale. These lesions have a more guarded
prognosis than simple meningoceles.

Apart from this, morphometry of the SSBO/sacrum shows
many variations in the dimensions of maximum width of
body, ala, length and width of open part of sacral canal
between the two sacral cornua, the dimensions of non-fused
gaps between vertebral bodies and occurrence of ridges on
the ventral side of sacrum (Table-1). As the sacral canal is
completely open (Type-I) and open below S1 (Type-II), the
sacrum becomes weak and likely to be fractured by even
minor trauma.

One important observation is that in Type-I and Type-II
SSBO’s, the bodies are not completely fused. This generated
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varying degree of non-fused gaps between the adjacent
sacral vertebrae. These gaps are associated with high density
of vascular foramina. These gaps besides decreasing from
cranial to caudal end of the sacrum due to incomplete fusion
are not present in subsequent types of SSBO’s. This shows
that more the length of SSBO is, the more defective fusion of
bodies of sacral vertebrae has been. Costal element too did
not completely fuse in type-I SSBO. The ridges between
sacral vertebrae on the ventral side are prominent opposite to
the absence of bifida on the dorsal side (type III and type IV)
except in type V SSBO where though the bifida is present
from S2 and above yet there is a prominent ridge between S1
and S2. Density of vascular foramina is more in Type I and
Type 11 SSBO at the places where the gap between bodies of
adjacent vertebrae is more. This may be due to the fact that
the wider gap between the bodies of adjacent vertebrae might
have reduced the strength of bone. Hence to compensate for
weak sacrum, high density vascular foramina might have
formed for providing better nutrition to strengthen the
sacrum.

The mean and standard deviation of length of opening of
SSBO has been analysed and tabulated in Table-1.The
frequency of occurrence and percentage has statistically been
computed and compared (Table-2).

Table 2. Comparison of incidence and percentage of classified Indian
sacra (n=140)

Populations > Australians Indians
Cslg]s;(e)svo f Incidence Perceoztage Incidence Perciztage
Normal 18 34 55 393
Type I 0 0 2 1.4
Type Il 2 4 3 2.1
Type 111 10 19 31 22.1
Type IV 23 43 47 33.6
Type V 0 0 2 1.4

Comparision of different types of SBBO in relation to
frequency and percentages between Australian and Indian
Population has been presented in Table-2.

4.1. Genetic Causes of SSBO

Genesis of sacrum is controlled by expression of Hox11
family of genes as mice with deletion of Hox11 gene
completely lack sacrum[19]. Pax1 is expressed in sclerotome
cells which are fated to form body and intervertebral disc.
Cells migrating dorsally to neural tube which forms neural
arches stop expressing Paxl and start expressing Pax9
gene[20]. Pax1 expression becomes stronger in the ventral
medial part of the sclerotome that will form the vertebral
body and inter-vertebral disc whereas Pax9 is reinforced in
the posterior ventral lateral compartments which are
progenitors of the neural arch[21]. The cells migrating
dorsally to the neural tube form dorsal part of neural arches
and spinous process of the vertebra[20, 22]. Thus this
population forms cartilage in close vicinity to the ectoderm

despite the inhibitory activity of the ectoderm on
chondrogenesis[23, 24, 25]. Sonic Hedgehog (SHH) mutant
mice present defective cartilage and epaxial muscle
development[26]. Foxc2 is expressed in the entire
sclerotome including the cells migrating dorsally to the roof
plate. Its expression depends on SHH activity and Foxc2
mutants exhibit defective vertebral bodies and neural arches.
Double mutants for Foxc2 and Paxl present with more
severe phenotype including largely open neural arches and
absence of vertebral bodies and intervertebral bodies[27].
This phenotype is due to reduction of proliferation and
impaired development of the sclerotome[27]. Wnt molecules
produced by the ectoderm prevent Pax1 activation[22]. The
roof plate or high Bone morphogenetic protein (BMP)
activity could specifically be required to release ectoderm
inhibition on cartilage differentiation locally[28].

4.2. Genetic Causes in Classified SSBO for Each Class

In Type-I and Type-II SSBO, incomplete fusion of the
vertebral bodies and intervertebral discs may be because of
combined modulated effect of under expression of Hoxl11
and Pax1 gene families, defective secretion of molecules like
SHH from neural tube and inactivation of Paxl by Wnt
molecules. As regards completely open dorsal wall, either
there is decreased molecule secretion from roof plate or
decreased BMP activity. Hence inhibitory activity of Wnt
molecules on chondrogenesis produced by ectoderm has not
been overcome. Non-fusion of neural arches may be due to
double mutation of Pax9 and Foxc2 genes. In type-III SSBO,
prominent ridges on ventral surface might be due to over
expression of Hox11, Paxl and high BMP activity. The
prominent ridges may be due to over activity of
chondrocytes/ osteocytes. Dorsal wall is open below S2
spine which may also be formed due to double mutation of
Foxc2 and Pax9 genes. In type-IV SSBO, Open dorsal wall
may have been caused by double mutation of Foxc2 and
Pax9 genes and low activity of BMP or decreased secretion
of molecules by roof plate but there must be normal
expression of Hox11 and Paxlgenes as vertebral bodies are
normally fused. In Type-V SSBO, prominent ridges on
ventral surface may be due to over expression of Hox11 and
Pax1. Non development of laminae may be due to mutation
in the expression of Pax9 as this is required for the formation
of neural arches. Either there is impairment of activity of
molecules secreted from roof plate or reduced BMP activity
which are essential for cartilage formation of neural arches.

4.3. Clinical Significance

1. In Type-I, II and V, the sacral canal below L1 level
contains extradural fat, vertebral venous plexus, sacral nerve
roots and the filum terminale. Meninges may herniate
through occult opening between S1 and S2 underneath skin
will be injured by even minor trauma. This may cause CSF
leakage resulting drop in CSF pressure. Besides this, the
sacral nerves will be damaged by external trauma causing
weakness in lower limbs, bladder and bowel disorders.
Incomplete development of the bones of the dorsal neural
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arches of the upper sacrum may be a marker of incomplete
neurogenesis of the sacral nerves[17].This causes
incontinence where there can be either partial or complete
loss of voluntary urination. Almost all people with spina
bifida may have some form of bowel incontinence due to
damage to lower sacral nerves[17]. Sacral spina bifida
occulta is suggested to be linked with a variety of conditions
including posterior disc herniation, backache, enuresis and
neurological abnormalities of the feet, and functional
disorders of the lower urinary tract[9, 10, 16, 17].

2. In Type-I and II in addition to above, attachment of
erector spinae and multifidus muscles to dorsal surface may
be defective in SSBO affecting biomechanical dynamics of
vertebral column creating more clinical complications.

3. In Type-I to V, morphology of sacrum is clinically
important for the caudal epidural block performed for the
diagnosis and treatment of lumbospinal disorders[5, 18]. The
knowledge of exact topographical anatomy of the sacrum is
essential for locating sacral hiatus for such procedures. An
important point in caudal epidural block is awareness of the
distance between the sacral hiatus and dural sac,
anatomically to avoid dural puncture.

4. Presence of sacral spina bifida occulta may increase the
chances of damage to sacral nerves and create difficulty in
internal fixation of screw[5].

5. Open sacral canal and associated gaps between
vertebral bodies weaken the sacrum and so become more
liable to fracture during internal screw fixation and
instrumentation or otherwise. Moreover, as the overall
strength of the sacral bone due to completely occult sacral
bifida reduces so even minor external trauma is likely to

cause fracture of sacrum besides other clinical complications.

Therefore on the diagnosis Type-I and Type-II SSBO in
patients may be alerted by clinicians to remain cautious from
external trauma.

The classification of SSBO has been carried out by the
examination of only 140 (small sample space) dry sacra from
India. More work is recommended from widely diversified
area on large populations with extended variety of SSBO.
The limitation of dry bone study is that it is not carried out on
live patients so clinical implications are based on knowledge
and experience of theory of medical science and clinical
researches carried out. The genetic study is extended from
experimental results from mice to human beings along with
embryological studies carried out. So some inferences drawn
on the basis of this study may be verified by clinicians for its
establishment.

5. Conclusions

The SSBO has been classified in five categories. The
causes of SSBO too have been analyzed with a special
mention to genetics category-wise. Though the study
pertains to dry bones yet the clinical significance has been
brought out by clinical cases and known pathological
condition due to these classified defects as summarized in
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table 3.
Table 3. Correlation of Classification with genetic causes and clinical
implications
Class of . .. L
SSBO Probable Genetic cause Clinical Implications
Change in CSF Pressure, Short
lower limbs, Bladder and bowel
Mutant expression of disorder, Meningocele,
Type-1 Hox 11, Pax1/Pax9, Defective Erector spinae and
SHH, BMP, Wnt, Fox2 | multifidus muscle attachments,
Prone to fracture and failure of
caudal epidural block.
Short lower limbs, Bladder and
. bowel disorder, Meningocele,
Mutant expression of . .
Defective Erector spinae and
Type-II Hox 11, Pax1/Pax9, lifid e attach ¢
SHH, BMP, Wnt, Fox2 multifidus muscle attachments,
Prone to fracture and failure of
caudal epidural block.
Mutant expression of | Short lower limbs, Bladder and
Type-111 Hox 11, Pax1/Pax9, bowel disorder and failure of
BMP, Fox2 caudal epidural block.
Mutant expression of
Type-1V Hox 11, Pax1/Pax9, failure of caudal epidural block.
BMP, Fox2
Mutant expression of | short lower limbs, Bladder and
Type-V Hox 11, Pax1/Pax9, bowel disorder, Meningocele and
BMP, Fox2 failure of caudal epidural block.

Limitations: As the sample space has not only been
limited to the defective sacra but also small in number in a
limited region. The genetic causes have been extracted from
the valuable studies on mice by renowned scientists in
genetics. These are to be supported by clinicians in
association with genetic analysis on live patients. The
clinical significance besides from known cases and known
pathologies associated with this defect are to be established
by specialist clinicians on live patients with genetic analysis
as a diagnostic tool.

Pertinent questions remaining in the area:

Does this sample space represent the humanity? Do the
genetic causes directly pertain to human beings? Do the
clinical implications have been observed on patients?
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