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MRI Findings of Type Il Sacral Agenesis: A Case Report
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Sacral agenesis (or caudal regression syndrome) is a rare congenital anomaly in-
volving various levels of coccygeal, sacral, and even lumbar or lower thoracic verte-
bral dysgenesis, as well as spinal cord abnormalities. A few cases have been previ-
ously reported in Korea, especially based upon MRI findings. We describe a case of a
4-year-old girl with partially bilateral agenesis of the sacrum (type Il), and club-
shaped (chisel-shaped) spinal cord disruption. We also review MRI findings of sacral

agenesis, focused on classification and radiological findings.
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INTRODUCTION

Sacral agenesis is a rare malformation, occurring in approxi-
mately 0.005-0.01% of the general population (1). It shows vary-
ing degrees of vertebral dysgenesis combined with spinal cord
abnormalities. Magnetic resonance imaging (MRI) most accu-
rately demonstrates deformity of the spine and the spinal cord, as
well as combined anomalies. These are key factors in determin-
ing the treatment plan and also in predicting patient’s prognosis.

Traditionally, sacral agenesis is categorized into 4 types accord-
ing to the degree of sacrum dysgenesis and the articulation be-
tween the spine and pelvis (1, 2). Classification is also made
based on the morphology of the spinal cord. We describe a case
of partially bilateral agenesis of the sacrum (type II), and club-
shaped (chisel-shaped) spinal cord disruption, with a review of
the literature.
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CASE REPORT

A 4-year-old girl was brought for further evaluation of lifelong
urinary incontinence and hesitancy. She was born at 37 weeks 4
days with a body weight of 3.3 kg. Neonatal hyperbilirubinemia
was noted at birth, which was treated with phototherapy for one
week. Recurrent acute pyelonephritis and constipation had been
a problem throughout her life, requiring numerous hospitaliza-
tion for conservative management. After consultations with vari-
ous physicians, she was diagnosed as having “emotional inconti-
nence” and neurogenic bladder, and was started on medical
therapy.

She is the only child of the family; both parents were noncon-
sanguinous and in good health. There was no other history of
known congenital anomalies or inheritable diseases in either par-
ent’s family, in particular, maternal diabetes mellitus.

On physical examination, she was able to walk unassisted, al-

though she was easily tired. No evidence of other orthopedic ab-
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normalities was noted in both lower extremities. A number of
studies were performed to evaluate for urinary incontinence, in-
cluding abdominal ultrasound, dimercaptosuccinic acid scan and
voiding cystourethrogram. Both kidneys showed overall normal
morphology without functional abnormalities, but the diagnosis
of neurogenic bladder was confirmed.

The anteroposterior view of a plain pelvis radiograph (Fig. 1)
revealed first and second sacral elements with an absence of oth-
er lower sacrum and coccyx bilaterally. Both iliac bones were ar-
ticulated with S1.

L-spine MRI (Fig. 2) showed hypoplastic S2 to be the lowest
vertebra, with bilaterally symmetric agenesis of the distal sacrum.
Articulation of both iliac bones was noted at the S1 level. The
cord was terminated above the L1 level. The caudal end of the
spinal cord was club-shaped (chisel-shaped) with blunted and
angulated margins. Separation of the anterior and posterior spi-
nal roots of the cauda equina was also observed. Neither abnor-
mal signal intensities of the spinal cord, such as syringohydromy-
elia, nor spinal canal stenosis, were present. Distended urinary
bladder with a coarse trabeculation suggested that the neurogenic
bladder was not accompanied by other urogenital abnormalities,
such as renal dysplasia, hydronephrosis, or anorectal malforma-
tion. The final diagnosis was type II sacral agenesis with mild

urological dysfunction.

DISCUSSION

Sacral agenesis, also known as caudal regression syndrome, is
characterized by caudal vertebral agenesis or dysgenesis, includ-
ing hemisacral anomalies, most often in combination with spinal
cord malformations (3). The incidence of this syndrome is very
rare, approximately 1 in 7500 births, regardless of gender (4). The
etiology of the sacral agenesis is not fully understood. According
to other reports, it is postulated that the development of the cau-
dal portion of the spine and spinal cord during the 28th gesta-
tional week is disrupted (5, 6). Others have suggested prenatal
exposure to various teratogenic substances (i.e., lithium and sul-
famides) as causative agents (6). The relationship between sacral
agenesis and genetic problems (such as HLXB9 mutation) has
also been debated (7). To date, the only factor reported to be sig-
nificantly associated with sacral agenesis is maternal diabetes (1).

Sacral agenesis occurs in about 1 in 100 infants born to diabetic
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mothers (1), representing an increase of nearly 200 times the in-
cidence observed in the general population.

Renshaw (2) has classified sacral agenesis into 4 types, accord-
ing to the severity of vertebral agenesis and the articulation be-
tween the remaining vertebrae and iliac bone. Partial agenesis of
the sacrum is further classified as unilateral asymmetric (type I)
form, or bilateral symmetric (type II) form. In cases of total sacral
agenesis (with or without partial lumbar agenesis), type III in-
volves the articulation of both iliac bones with the lowest lumbar
vertebra, whereas in type IV, both iliac bones are fused posterior-
ly along the midline. Bilateral symmetric partial agenesis of sa-
crum below S2, with iliac bone articulation normally at S1 was
noted in this case, which is consistent with type II sacral agenesis.

Various levels of the vertebral column termination have been
observed in the literature, from T8-9, to only involving the coc-
cyx (8). In most cases, 1 or 2 vertebra distal to the lowest intact
vertebrae are hypoplastic. Furthermore, Barkovich et al. (8) re-
ported that the thoracolumbar spine is normal above the agenetic
segment in only 65% of patients; the remaining had combined
anomalies, such as vertebral body fusion, hypoplastic spinous

process, etc.

Fig. 1. Type Il sacral agenesis. Anterior view from a plain radiograph
of the pelvis reveals bilateral symmetric absence of S3 and other lower
segments of the sacrum, as well as the entire coccyx.
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Fig. 2. Sagittal T2-weighted image with fat saturation (A), T1-weighted image (B), and contrast-enhanced T1-weighted image (C) of L-spine
MRI show hypoplastic S2 vertebra with agenesis of lower sacrum and coccyx. The spinal cord terminates above L1 with club-shaped (chisel-
shaped), blunted and angulated caudal end. Separation of the anterior and posterior spinal roots of the cauda equina is also noted. Distended
urinary bladder with coarse trabeculation pattern is noted due to neurogenic bladder. Coronal T2-weighted image (D) of L-spine MRI shows both

iliac bones articulated with S1.
MRI = magnetic resonance imaging

Evaluation of combined spinal cord abnormalities is also nec-
essary, and MRI is the most preferred diagnostic modality of
choice. The 2 characteristic shapes of the spinal cord terminus
were reported; blunted or wedge-shaped (type I) and tethered
spinal cord (type II) (4, 8). The wedge-shaped cord terminus is
more common, showing the dorsal aspect of the cord extending
more caudally than the ventral aspect. In addition, an abnormal
course of the spinal roots of the cauda equina, that is, separation
of the anterior and posterior spinal roots, can be seen, termed a
“double bundle shape” (4). On the other hand, type II shows low-
lying, tapered, caudal spinal cord tethered by tight filum or other
combined congenital anomalies (lipoma, lipomyelomeningocele,
or terminal myelocystocele). In this case, the typical morphologi-
cal features of type I spinal cord abnormality were observed, in-
cluding 2 separate cauda equina and blunted conus medullaris.

The level of the cord terminus and vertebral agenesis was con-
sistent with neurological manifestations (8). However, several re-
ports have demonstrated sensory function to remain lower than
the level of vertebral regression; therefore, sensory function test is
not a reliable tool for evaluation of the regression level (4, 8).
Also, type I spinal cord abnormality is known to be more fre-
quently associated with urinary bladder dysfunction and stable
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neurological defect, whereas type II may demonstrate progres-
sion of neurological symptoms, which are often surgically cor-
rectable (4).

Sacral agenesis can be a part of other systemic syndromes:
OEIS (omphalocele, cloacal exstophy, imperforate anus and spi-
nal deformities) and Currarino triad (partial sacral agenesis, ano-
rectal malformation and presacral mass) (4, 9). Moreover, com-
bined anomalies in the pelvic region are not uncommon. In the
genitourinary system, renal agenesis, dysplasia and/or ectopia
may be associated with sacral agenesis. In cases with anorectal
malformations, anatomic details and involved level of anorecal
atresia should be investigated. MRI is the preferred method of
choice for the diagnosis of sacral agenesis for superior demon-
stration of spine and spinal cord deformity, as well as clearer de-
piction of other combined anomalies.

In conclusion, the exploration and diagnosis of sacral agenesis
is important in providing appropriate management. Manage-
ment depends on the types of sacral agenesis (categorized by the
affected spine and spinal cord morphology) and combined
anomalies (mild life-long urological symptoms to severe gastro-
intestinal and musculoskeletal disabilities). Here we have report-

ed MRI findings of partially bilateral agenesis of the sacrum (type
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IT) and club-shaped (chisel-shaped) spinal cord disruption in a
child.

REFERENCES

1. Diel J, Ortiz O, Losada RA, Price DB, Hayt MW, Katz DS. The
sacrum: pathologic spectrum, multimodality imaging, and
subspecialty approach. Radiographics 2001;21:83-104

2. Renshaw TS. Sacral agenesis: a classification and review of
twenty-three patients. J Bone Joint Surg 1978;60A:373-383

3. Nievelstein RA, Valk J, Smit LM, Vermeij-Keers C. MR of
the caudal regression syndrome: embryologic implications.
AJNR Am J Neuroradiol 1994:15:1021-1029

4. Cama A. Congenital malformations of the spine and spi-
nal cord. In Tortori-Donati P, Rossi A, Biancheri R, Cama A.
Pediatric neuroradiology. New York: Springer Berlin Hei-
delberg, 2005:1551-1608

. Singh SK, Singh RD, Sharma A. Caudal regression syn-

drome--case report and review of literature. Pediatr Surg Int
2005;21:578-581

. Subtil D, Cosson M, Houfflin V, Vaast P, Valat A, Puech F.

Early detection of caudal regression syndrome: specific in-
terest and findings in three cases. Eur J Obstet Gynecol
Reprod Biol 1998;80:109-112

. Belloni E, Martucciello G, Verderio D, Ponti E, Seri M, Ja-

sonni V, et al. Involvement of the HLXB9 homeobox gene
in Currarino syndrome. Am J Hum Genet 2000;66:312-319

. Barkovich AJ, Raghavan N, Chuang S, Peck WW. The wedge-

shaped cord terminus: a radiographic sign of caudal regres-
sion. AJNR Am J Neuroradiol 1989;10:1223-1231

. Lynch SA, Wang Y, Strachan T, Burn J, Lindsay S. Autoso-

mal dominant sacral agenesis: Currarino syndrome. J Med
Genet 2000;37:561-566

MRIE $422 7|5 4= E2tt ot S2olA 44

@2 7l=okaL, ol Holo] HE-FaeS2] 5 9 MRI

2L 9% Y oH FRIA

76

J Korean Soc Radiol 2016;75(1):73-76  jksronline.org



