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BACKGROUND A three-column osteotomy results in dural buckling, which may appear concerning upon intraoperative visualization because it may
appear that the neural elements may also be buckled. The authors presented an intraoperative view after intentional durotomy of the neural elements
and the relaxed state of the dura after three-column osteotomy.

OBSERVATIONS A 52-year-old woman with adult tethered cord syndrome and previous untethering presented with worsening leg pain and stiffness,
urinary incontinence, and unbalanced gait. Magnetic resonance imaging demonstrated an arachnoid web at T6 and spinal cord tethering. Spinal
column shortening via three-column osteotomy was performed with concomitant intradural excision of the arachnoid web. Dural buckling was observed
intraoperatively after spinal column shortening. After the durotomy, the spinal cord was visualized without kinking or buckling.

LESSONS Dural buckling after spinal column shortening of 15 mm via three-column osteotomy at T6 did not result in concomitant buckling of the
underlying neural elements.

https://thejns.org/doi/abs/10.3171/CASE21497
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Tethered cord syndrome (TCS) refers to a constellation of signs
and symptoms of motor and sensory dysfunction in the lower
extremities and bowel and bladder dysfunction.1–4 The pathology is
believed to result from increased tension on the spinal cord due to
caudal traction.5 Common etiologies include thickened filum termi-
nale, spinal cord lipoma, lipomyelomeningocele, scoliosis, and injury.5

The current gold standard to treat TCS is untethering surgery in both
children and adults.6 Although it has reported success, especially in
pain relief, an untethering procedure carries risks of cerebrospinal
fluid (CSF) leaks and wound infection in up to 15% of patients.1,7,8

Furthermore, complete untethering may not always be feasible; symp-
tomatic retethering has been reported in up to 50% of patients.9

Spinal column shortening represents an alternative approach to
manage TCS, especially in cases of retethering. First reported by
Kokubun et al. in 1995, spinal column shortening has been demon-
strated to be a safe and effective treatment for TCS.9–14 This approach
indirectly relieves the longitudinal tension of tethered neural elements.

However, the dural buckling that can ensue after spinal column shorten-
ing can appear concerning intraoperatively, and it is unclear if the under-
lying neural elements are also kinked. Hitherto, previous reports have
not shown an intradural view of the spinal cord after shortening.9,11,13,15

Because of the need to concomitantly excise an arachnoid web in this
case, the dura was opened. An intraoperative view of the spinal cord
and open dura is presented.

Illustrative Case
Patient History

A 52-year-old woman with a history of adult TCS presented with
worsening leg pain and stiffness, urinary incontinence, and gait dis-
turbance. She had initially developed these symptoms 11 years ago
and at that time received L5-S1 tethered cord release, which improved
her right leg spasms. However, her vesicorectal dysfunction persisted,
and muscle spasms recurred over the past year. The patient could only
walk a half mile before her legs stiffened. Magnetic resonance imaging
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(MRI) of the thoracic spine demonstrated focal ventral displacement of
the spinal cord and a possibly compressive arachnoid web causing cord
signal abnormality at T6. A lumbar spine MRI showed the previous dete-
thering site at L5-S1, and the conus medullaris was at L1-L2. Computed
tomography (CT) myelogram demonstrated homogenous contrast density
without myelographic block at the level of T6, suggesting an arachnoid
web (Fig. 1). Because of progressive decline in neurological status, the
patient elected to receive spinal column shortening and resection of
arachnoid web at the same surgical setting to treat both pathologies.

Operative Description
After general anesthesia and prone positioning, the posterior tho-

racic spine was exposed in the usual standard fashion. Pedicle
screws were placed into the pedicles of T4, T5, T7, and T8, and
laminectomies at T5 to T7 were performed. Subsequently, a three-
column osteotomy of T6 was performed by removing the pedicles,
the cancellous bone, the lateral cortical walls, and the posterior cor-
tical wall. A temporary rod was placed at this point to prevent col-
lapse. The ventral vertebral body wall was thinned with a high-
speed bur but not excised. The posterior longitudinal ligament was
removed, and the spinal column was gently compressed to shorten
it by approximately 1.5 cm (Fig. 2). Permanent rods and set screws
were then placed and secured.

At that point, the intraoperative microscope was brought in. We
could see dural buckling, and the dura was subsequently opened
via a midline incision (Fig. 3). Motor evoked potentials were stable
during the entire operation. The arachnoid web was identified, dis-
sected, and excised. The intraoperative view of the spinal cord demon-
strated no buckling or kinking of the spinal cord itself despite the dural
buckling. The dura was then closed with a 6-0 Prolene (Ethicon) suture
and fibrin glue, and the wound was closed in layers after arthrodesis.

Discussion
Observations

Revision TCS surgery can be morbid at the index site of tether-
ing because dissecting the spinal cord off the dura can be morbid,
risking iatrogenic neurological worsening.16,17 Revision untethering
also carries risks of CSF leak, pseudomeningocele, infection, and
wound complications.6,18 In light of these issues, spinal column
shortening is an alternative because there is no direct revision dete-
thering, thus decreasing the likelihood of neurological injury. In addi-
tion, it mitigates the risk of CSF leak and wound complications by

avoiding a previously opened dura and often abnormal, scarred
posterior soft tissue.

The rationale for spinal column shortening originates from the
cadaveric study by Grande et al., which demonstrated that a short-
ening of the spinal column by 20 to 25 mm at the thoracolumbar
junction resulted in significant reduction tension of the spinal cord,
the lumbosacral nerve roots, and the filum terminale.19 In a recent
cadaveric experiment by Safain et al., vertebral column resection
demonstrated 87.2% of maximal reduction in spinal cord tension
from baseline with 10 mm of closure.20 The authors demonstrated
an optimal vertebral column resection of 12 to 16 mm to maximize
tension reduction while minimizing dural buckling. This closure mag-
nitude is lower than that previously reported by Grande et al. and is
more like our operative experience. In our present case, a shorten-
ing of 15 mm achieved desirable tension reduction of the spinal
cord, evidenced by dural buckling.

Spinal column shortening has been reported to have favorable
outcomes for recurrent TCS. Hsieh et al. reviewed 18 cases of spinal
column shortening and showed that 86% of patients recovered complete
motor function, 75% were relieved of debilitating back or lower-extremity
pain, and 28% exhibited improved urological symptoms.9 Several other
small case series had similar findings and concluded that spinal column

FIG. 1. Preoperative thoracic spine MRI (A), lumbar spine MRI (B), and CT myelogram (C) demonstrating
arachnoid web at T6.

FIG. 2. Preoperative (left) and postoperative (right) lateral radiograph
demonstrating reduction of T6 vertebral column from 19.3 mm to 5.9
mm.
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shortening is a safe and efficacious treatment option for recurrent TCS
in both children and adults.11,13,15 A meta-analysis conducted by Lin
et al. identified six studies with a total of 57 patients.21 They found that
spinal column shortening resulted in significant improvement in neurologi-
cal deficit, motor function, sensory symptoms, and bowel and bladder
function. McVeigh et al. reported 41 patients undergoing spinal column
shortening and demonstrated improved bowel and bladder function, pain
and sensory scores, and motor function.12 Zhang et al. and Safaee
et al. also reported similar findings in patients who received previous
detethering procedures.22,23

One consideration in this case is that a spinal column shortening
may be considered an aggressive procedure over an arachnoid cyst
resection or revision detethering. We had discussed the options of cyst
excision, revision detethering, and spinal column shortening with our
patient, and her case was reviewed at multidisciplinary spine conference.
At conference, the cyst itself was not felt to be causing severe cord
compression, and the patient had been seen by neurologists, who felt
that her symptoms localized to her spinal cord. The totality of the clinical
picture was presented to the patient, and because she lived in another
state, she wished to receive the most aggressive procedure to give her
the best chance of halting neurological progression. Thus, the patient
chose to have cyst excision, spinal column shortening, and fusion over
the kyphotic apex.

Our current case is unique because the patient concurrently had an
arachnoid web at the osteotomy level, affording the rare indication to
intentionally open the dura and directly visualize the spinal cord after spi-
nal column shortening. Previous anatomical studies have shown that the
optimal decrease in tension in the filum and neural elements is within
the range of a 12- to 16-mm vertebral column resection.19,20 In our
case, we achieved an approximate 15-mm reduction in length, and dural
buckling was noted. Intradural visualization of the cord and neural ele-
ments after the osteotomy and shortening revealed that although dural
buckling was present, there did not appear to be buckling or kinking of
the underlying neural elements themselves.

Lessons
Our case provides a rare opportunity to visualize the spinal cord

after spinal column shortening via three-column osteotomy. This

report illustrates that although the dura may be significantly buckled,
the underlying neural elements are neither buckled nor kinked after a
three-column osteotomy and a 15-mm spinal column shortening at T6.
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