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NOTOCHORD
( THE FUTURE SPINAL COLUMN )

DORSAL VIEW OF EMBRYONIC DISC

The primitive streak lengthens by addition of cells at its caudal end . The
notochordal process lengthens by migration of cells from the primitive node . The
notochordal process & adjacent mesoderm induce the overlying embryonic
ectoderm to form the neural plate ( the future C.N.S. )

NOTOCHORD &
NEURAL PLATE

NEURULATION

CLOSURE OF NEURAL TUBE
Rostral neuropore closes by
25 - 26 days.

Caudal neuropore closes by
the end of the 4th. week.

ANOMALIES
CLOSURE OF NEURLAL TUBE

- Anencephaly

- Meningomyelocele

FATE OF NOTOCHORD
-The

notochord degenerates as the bodies
of the vertebrae form .

But , small portions of it persist as the
nucleus pulposus of each intervertebral
disc .
-

Remnants of notochordal tissue may
give rise to both benign & malignant
CHORDOMA
-

Tethered cord


The word tether means to restrain.



TCS is a functional disorder caused by stretching of the spinal cord with its caudal end fastened by an
inelastic structure.

Normal No.


During in utero life, the bony spine grows faster than the spinal cord, thus the spinal cord effectively “ascends” in the spinal canal.



The ascension occurs rapidly between 8 and 25 weeks of gestation, with the conus generally being located opposite L2 at birth.



It reaches the adult level at age 2 months postnatally.



There is evidence that the conus does not ascend further during childhood and that the conus terminates near the L1–2 disk
space in the majority of normal individuals.



Conus termination may normally vary from the mid-T12 to the mid-L3 level, although 94 to 97.8% terminate above the L2–3
disk.

Filum Terminale


There is some controversy as to how thick the filum may be and still be “normal.”



Some have said that filum thickening occurs by definition when it is wider than 2 mm whereas
others claim that a filum diameter greater than 1 mm is abnormal.



A fatty filum can be an incidental finding and is not considered diagnostic of tethered cord
because it is reportedly present in 5.8% of the normal population on postmortem examination.

Historical Background of
Tethered Cord Syndrome


A suggestion that stretching of the spinal cord could induce a disorder came from a case with
myelomeningocele in 1910.



In 1940, Lichtenstein, a neuropathologist, was first to propose that tethering of the spinal cord may
cause paraplegia.



In 1976 Hoffman et al adopted the term tethered spinal cord in a report on 31 patients presenting with
incontinence and motor and sensory deficits in the lower limbs.



In 1981, Yamada et al demonstrated impairments of oxidative metabolism in the lumbosacral cord
before surgery and recovery after.

Pathophysiology of Tethered Cord Syndrome


Cord tethering associated with metabolic derangement.



Impairment of oxidative metabolism is proved by the various degrees of the reduced state of
cytochrome a,a3, which indicates slow electron transport coupled with ADP phosphorylation or slow
ATP use.



oxidative metabolism is impaired in the spinal cord under steady traction, the severity of neuronal
dysfunction parallels the degree of impairment in oxidative metabolism.



A decrease in blood flow and glucose metabolic impairment is correlated with cytochrome reduction.



Chronic cord traction may be compensated for by the plasticity of the spinal cord tissues.



Irreversible neuronal damage can result from sudden stretching of the already chronically tethered
cord.



spectrophotometry to confirm a reduced state of cytochrome oxidase in spinal cord mitochondria.

Histological Studies of the Filum
Terminale from Tethered Cord Syndrome
Patients

Replacement of the entire filum with fibrous
tissue.

Elastin staining
sparse, thin, and discontinuous elastin fibers (black
areas indicated by arrows) running in between
and parallel to the collagen (pink). Blood vessels at
the left corner have abundant elastin.

Imaging of Tethered Spinal Cord

Sagittal T1-weighted magnetic resonance imaging of a repaired myelomeningocele.
Note the tethered cord and lack of subcutaneous fat.

Lipomyelomeningocele

Ultrasonographic Evaluation
of Tethered Cord Syndrome
Midline longitudinal sonogram of the distal spinal cord in a
normal 1-week-old girl. Not the hypoechoic spinal cord
parenchyma. The skips in the central echo (ce) are from
shadowing of the overlying spinous processes (sp). d, dura;
cm, conus medularis.

1-month-old girl . The spinal cord (sc) extends to the level of the L5
vertebral body. A short, thick filum terminale (f) is well
visualized and measures 5 mm in diameter. The thecal
sac is elongated, extending to S4.

Lipomyelomeningocele
Midline longitudinal sonogram of the distal spine in a 6-weekold girl with a large skin-covered mass above a distorted gluteal
cleft.
skin surface (arrowheads).
Open arrowheads indicate the area of the mass.
The spinal cord (sc; short arrows mark the anterior and
posterior margins of the cord) is at the L5 vertebral body level
where it opens to cup the lipoma.
D, dura; ce, central echo; sp, last intact spinous process; Idf,
lumbodorsal fascia. Note the lipoma extending from the
subcutaneous fat through a rent in the lumbodorsal fascia and
dura to fill the distal spinal canal.

Myelomeningocele
Ultrasound study in a 1-month-old boy
with a lumbosacral myelomeningocele repaired
2 days after birth.
(A) Midline longitudinal sonogram
of the distal spine.
(B) Transverse sonogram
at level marked b . . . b on longitudinal sonogram
in (A). The spinal cord (sc) loops around the last
intact spinous process (sp), where the neural
placode (np) attaches into the surgical closure
(open black arrowheads). csf, cerebrospinal fluid;
nr, nerve root. Open white arrowhead marks the
surgical scar on the skin surface

Clinical Presentation


Cutaneous manifestations (lipomyelomeningocele, hemangioma

, dimple, hairy patches).


About one third of patients with simple tethering show some form of cutaneous lesion or a
subcutaneous lipoma.



In patients who develop secondary tethering following repair of a myelomeningocele or
lipomyelomeningocele, an obvious incision is visible on their backs.

Cont.


a progressive motor or sensory deficit in the lower limbs.



Many are seen in the orthopedic surgeon’s office because of a gait disturbance ( pes cavus or an equines deformity ).



The plastic surgeon may see these patients because of trophic ulceration of the foot due to sensory loss.



Scoliosis alone or in combination with other problems is common in patients with a tethered spinal cord.

Cont.


A neurogenic bladder is a common event in patients with a tethered spinal cord, and in many of these
patients, signs of a neurogenic bladder are their major manifestation.



Back pain and root pain may occur in patients with a tethered cord ( typically intractable and
aggravated by movement) .

Tethering at the Site of
Myelomeningocele Repair


It is a diagnosis of exclusion.



Secondary deterioration may have some condition other than tethering, such as shunt malfunction, Chiari malformation,
hydrosyringomyelia, spinal dermoid cysts, diastematomyelia, or intracranial midline cysts.



This is particularly important because all patients with a repaired myelomeningocele have a low-lying spinal cord.

Repair Objectives


protect the externally exposed neural elements.



prevent infection caused by the invasion of organisms.



prevent and reverse neurological deficits by untethering the spinal cord.



prevent retethering after surgery.



improve nursing and, later, self-care.



facilitate cosmetic reconstruction.

Preoperative Considerations


prophylactic use of antibiotics should be started within 24 hours of birth.



an immunological factor for control of infection must be considered (Maternally acquired antibodies
are typically present for up to 2 months after birth) .



If the repair of the MMC is delayed beyond 2 months postpartum, then serum gamma globulin levels
should be obtained, and if the level is decreased, intravenous immunoglobulin can be given prior to
surgery.

For surgical purposes, MMCs divided into three types based on anatomical
differences


first type, the spinal cord, often buckled, travels
inside the meningocele sac, and its neural placode
surfaces along the dome of the sac.



The caudal end of the spinal cord or filum is either
loosely or densely adhesive to the surrounding
tissue.

Type two


a spoon-shaped neural placode exposed
to the surface without meningeal lining.



The spinal cord terminates at the caudal
extremity of the placode.



Postoperative cord tethering may occur
from adhesion of the spinal cord to the
surrounding meninges or extradural
fibrous tissue if meningeal closure is not
complete.

Third type


the spinal cord terminates abruptly
inside the meningocele sac and the
central canal is open to the CSF space.



The nerve roots exiting near the caudal
extremity surround the cord and are
distributed to the meningocele sac.

Surgical Technique
Type 1 Myelomeningocele


An elliptical incision surrounds the
myelomeningocele.



The buckled spinal cord reaches the
dome of the MMC where the placode is
exposed.



The spinal cord ends in the sacral canal
with either loose or dense adhesion to
the surrounding connective tissue.



It is important to release the tethering of
the cord.



The arachnoid and the dura are everted away
from the placode.



The pia mater has been closed with 8–0 nylon
sutures.



The second figure shows sutures being placed
through the arachnoid (dura is indicated by
large arrows and the arachnoid by small
arrows in.

Type 2 Myelomeningocele


This type of
myelomeningocele has a
spoon-shaped placode.



The caudal end has no filum
terminale.



The pial sutures reform the
caudal spinal cord, and the
arachnoid and dural sutures
complete the covering of the
reformed cord

Type 3 Myelomeningocele
Pial sutures around the central canal
close the spinal cord. Sutures through
the arachnoid edges followed by (E)
sutures through the dural and fascial
flaps complete the watertight closure.

Factors predispose to Postoperative cord adhesion
(Retethering)
(1) the spinal cord or nerve roots were not dissected completely from the surrounding scar and meningeal tissue.

(2) dissection resulted in local ischemia.
(3) the nerve structures are not covered by the meningeal structure .
(4) dermal tissue is left under the skin closure.

J Neurosurg. 2007 Jun;106(6 Suppl):434-8.
Outcome following multiple repeated spinal cord untethering operations.
Maher CO1, Goumnerova L, Madsen JR, Proctor M, Scott RM.


30 repeated untethering operations in 22 patients who had undergone a previous repair of the primary spinal disorder and at
least two subsequent untethering operations. The mean age at repeated untethering was 12.3 years.



Presenting symptoms were pain (70%), weakness (70%), urinary symptoms (57%), and sensory changes (27%). The mean
duration of symptoms was 7.5 months.



circumferential untethering was accomplished in 11 cases (37%).



Postoperative symptomatic improvement was noted most often for pain (81%).



less often for urinary symptoms (53%) and weakness (48%).



Complications included postoperative cerebrospinal fluid leakage or pseudomeningocele and new postoperative lowerextremity dysesthesia in five cases (17%).



Multiple repeated untethering operations offer symptomatic relief to well-selected patients with this condition.

Childs Nerv Syst. 2009 Sep;25(9):1085-9. doi: 10.1007/s00381-009-0895-6. Epub 2009 May 6.
Incidence of symptomatic retethering after surgical management of pediatric tethered cord syndrome with or without
duraplasty.
Samuels R1, McGirt MJ, Attenello FJ, Garcés Ambrossi GL, Singh N, Solakoglu C, Weingart JD, Carson BS, Jallo GI.


They retrospectively reviewed 110 consecutive pediatric (<18 years old) cases of first-time
symptomatic spinal cord untethering over a 10-year period.



Incidence of postoperative complications and symptomatic retethering were compared in
cases with duraplasty vs. primary dural closure use.



Mean age was 5.7 +/- 4.8 years old.



"Complex" etiologies included lipomyelomeningocele or prior lipomyelomeningocele repair in
22 (20%) patients, prior myelomeningocele repair in 35 (32%), and concurrent lumbosacral
lipoma in 18 (16%).



"Noncomplex etiologies" included fatty filum in 26 (24%) and split cord malformation in five
(4%).

Cont.


Seventy-five (68%) cases underwent primary dural closure vs. 35 (32%) with duraplasty.



Complex etiologies were more likely to retether than noncomplex etiologies after primary closure
(33.6% vs. 6.6%, p = 0.05) but less after duraplasty (13.7% vs. 5.4%, p = 0.33).



Expansile duraplasty may be valuable specifically in the management of patient subgroups with
complex TCS etiologies.
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