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ABSTRACT

AIM: Surgery is the treatment of choice for children who had tethered cord syndrome (TCS). However, a detailed technique for the release
of spinal cord is not described yet. The aims of this study are to present our series of TCS in children and to focus on the details of surgical
technique.

MATERIAL and METHODS: Forty-nine children with tethered cord syndrome underwent surgical treatment for the release of spinal cord
between 2004 and 2009. The mean age was 4.6 years (2 days-13 years). Twenty (40.8%) patients were female and 29 (59.2%) were male. Among
the 49 children, 41 (83.7%) had different spinal malformations and 8 (16.3%) had no associated lesion. Sectioning of the filum terminale,
cutting the arachnoid and fibrous bands, protection of the rootlets and correction of the associated malformations was the standard surgical
method to release the spinal cord.

RESULTS: Neurological improvement was observed in 4 (8.2%) patients, while the neurological status was unchanged in the others.
Cerebrospinal fluid fistula was the main complication and was observed in 3 patients. No mortality or neurological deterioration was
encountered.

CONCLUSION: Spinal cord release with appropriate technique seems to be beneficial in maintaining neurological functioning in children with
TCS.
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AMAC: Gergin omurilik sendromu (GOS) olan ¢ocuklarda cerrahi 6ncelikle tedavi yontemidir. Bununla birlikte omuriligin serbestlestirilmesi ile
ilgili detayli bir teknik tanimlanmamistir. Bu calismanin amacglari, GOS'lu ¢ocuklar ile ilgili serimizi sunmak ve cerrahi teknigin detaylar tizerine
odaklanmaktir.

YONTEM ve GERECLER: Kirk dokuz GOS'lu cocuk 2004-2009 yillari arasinda omurilik serbestlestirilmesi amaciyla cerrahi tedavi gérmiistiir.
Ortalama yas 4,6 yildir (2 glinliik-13 yil). Yirmi (%40,8) hasta bayan, 29 (%59,2) hasta erkektir. Kirkdokuz cocuk icerisinde 41 (%83,7) tanesinde
farkli spinal malformasyonlar vardi, 8 (%16,3) tanesinde eslik eden bir lezyon yoktu. Filum terminalenin kesilmesi, araknoid ve fibréz bandlarin
kesilmesi, koklerin korunmasi ve eslik eden malformasyonlarin tamiri omuriligin serbestlestirilmesinde standart cerrahi metod olmustur.

BULGULAR: Norolojik diizelme 4 hastada (%8,2) gorulmus, digerlerinde norolojik tablo degismemistir. Beyin-omurilik sivisi fistilii en 6nemli
komplikasyondur ve 3 hastada gérilmiistir. Olim ve nérolojik bozulma gérilmemistir.

SONUC: Omuriligin uygun teknik ile serbestlestirilmesi GOS'lu cocuklarda nérolojik fonksiyonlarin idamesi icin faydali olacaktir.
ANAHTAR SOZCUKLER: Gergin omurilik sendromu, Gocuk, Cerrahi teknik

INTRODUCTION

The tethered cord syndrome (TCS) results from the fixation of
the spinal cord in the vertebral canal due to the adhesions
either of congenital or acquired origin. Primary TCS is seen
in patients with intradural lipomas, lipomyelomeningocele,
split cord malformations, dermal sinus tract, and neuroenteric
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cysts whereas acquired TCS is associated with repair surgery
for spina bifida aperta including myelomeningocele,
meningocele as well as spinal tumors, traumas, and infections
all of which may cause arachoiditis and in turn traction on the
spinal cord (7,8,14,15,17,18,19,20,24).This leads to mechanical
torsion and ischemia in distal spinal cord including conus
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medullaris (CM) thus motor-sensory deficits and associated
urological and orthopedic complications are seen in TCS
(31,32).

Virchow first used the term ‘spina bifida occulta’ to describe
the lesions covered by skin and the term ‘The horse maned
woman’ for hypertrichosis in 1875. Jones from the United
Kingdom was the surgeon who first successfully released the
tethered cordin 1891. Fuchs used the term‘myelodysplasia’for
the clinical picture consisting of deep tendon reflex-sensorial
disturbances, enuresis, and foot deformities in patients with
spina bifida occulta. Recently, Yamada et al. reported that
various neurological findings in TCS were resulting from
caudal cord ischemia due to mechanical tension (31,32,33).

Since TCS occurs as a result of increased traction on spinal
cord in caudal direction, treating underlying lesions or
structures including arachnoid bands, primitive neural
placode, thick or fibro-adipose FT, lipomyelomeningocele,
diastometamyelia, and intradural lipomas with the release
of tethered FT is the standard surgical treatment modality
(1,59,11,12,13,16,21,22,23,26,27,28,34).

In this study, we aimed to analyze the surgical outcomes of
children who underwent surgery for TCS. We documented
the symptoms and associated pathologies of the patients
and focused on the details of surgical technique for each
subgroup. The variations in surgical procedures were also
pointed out, as well as the length and methods of follow-up.

MATERIAL and METHODS

Forthy-nine children with TCS underwent surgical treatment
for the release of the spinal cord in a period of 5 years. Twenty
(40.8%) patients were female and 29 (59.2%) were male. The
mean age was 55.67 months (ranged between 2-days and
13-years).

The symptoms were the cutaneous lesions in 30 patients
(61.2%), urinary disturbances in 10 patients (20.4%), leg or
foot weakness, numbness and/or spasticity in 9 patients
(18.4%), foot deformity (pes cavus, claw toes) in 5 patients
(10.2%), scoliosis in 5 patients (10.2%), and back pain in 5
patients (10.2%).

All patients underwent detailed radiological examination
with magnetic resonance imaging (MRI) and computed

Figure 1: The intraoperative view of a patient with fatty filum
terminale (FT). The filum was not thick, no vessel on the surface,
but it was yellow in color. Vessels on the rootlets, especially on S1,
are obvious. These vessels may confuse the surgeon. FT: Filum
terminale, S1: S1 rootlets, S2: S2 rootlets.
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Figure 2: The intraoperative view of a patient with thick filum
terminale. The thin arachnoid bands were attached to the spinal
cord and caused tethering. Ab: Arachnoid bands, FT: Filum
terminale, CM: Conus medullaris, Rt: Rootlets.
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tomography. Among 49 children who underwent cord release,
16 (32.6%) had lipomeningocele, 14 (28.6%) had split cord
malformation, 7 (14.3%) had dermal sinus tract, 2 (4.1%), had
dermoid tumor and 2 (4.1%) had previous myelomeningocele
operation. No associated lesion was found in 8 (16.3%)
patients.

Sectioning of the FT, cutting the arachnoid and fibrous bands,
releasing the spinal cord and correction of the associated
malformation was the summary of surgical technique that
was performed in all patients.

Surgical technique:

Patients are positioned prone under general anesthesia
with supporting rolls on each side. The routine procedure
is the L5 laminectomy, and additional partial or complete
S1 laminectomy is added in order to expose the dura and
then to identify FT. Laminotomy may also be selected for
the exposure of the FT, especially in young children. In cases
of spina bifida occulta, there is no need for laminectomy or
laminotomy. Normally, the dural sac ends at the second sacral
vertebra. In some circumstances, the spinal cord may continue
until the ST or S2 levels by giving some sacral rootlets, the
laminectomy should be performed up to this level (Figure 1).
The dura should be opened in the midline and tacked by four
sutures bilaterally. Following the dural opening, FT, arachnoid
bands, and rootlets should be first observed (Figure 2).
Microsurgery with microinstruments should be used after
the dural opening. FT is a fibrovascular tag containing a large
vessel, which becomes smaller across its course in the lumbar
subdural space. However, this vessel is not a reliable landmark
FT because similar vessels can be found on the rootlets or no
vessel may be seen on the FT. The most important issue at
this time is the differentiation of the neural elements from
extraneural structures. Rootlets and arachnoid bands are
mostly confused by the surgeons (Figure 3). The rootlets at the
sacral levels are directed to both sides and may be identified
by their size and situation. The arachnoid bands are attached
to the dura and rootlets (Figure 4). Both of them are thin
and white in color. The intraoperative electrophysiological
monitoring may be useful for safe surgery, but in the absence
of this assortment, good neuroanatomical knowledge is
required to preserve the neural structures. The rootlets
are retracted laterally by microdissector in order to cut the
arachnoid adhesions by microscissors and to expose the FT.
In most cases, FT is thicker than normal, violet in color and is
attached to the dura posteriorly in the midline leaving barely
no free subarachnoid space for cerebrospinal fluid (CSF)
passage. FTis coagulated and cut after the identification. The
practical way to assess the degree of tethering per-operatively
is the immediate cranial movement of FT right after releasing.
This sudden cranial movement of the superior-edge of FT
resembles the movement of the string of a violin. In addition
to sectioning the FT, all connective tissues attached to the
caudal part of the spinal cord and CM should be released. FT
and nerve roots must be free from the surrounding tissues. In
cases of dermal sinus, the tracts may be attached to the FT or
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other fibrous bands, therefore, these structures should also be
cutin order to release the spinal cord. Another useful measure
of preventing re-tethering would be performing dura-plasty
in order to create a potent space allowing passage of CSF
between lumbosacral rootlets and dura matter. The only way
to prevent a recurrence in a detethered cord is to be certain
that the neural elements remain free circumferentially with a
patent CSF circulation.

MRI was performed in all patients at the end of third month
after surgery to assess the level of the conus medullaris. The
MRI was then repeated every year. Computed tomography
was not used in follow-up. Postoperatively, all patients with
neurological deficits received physical therapy.

The patients were followed-up neurologically and
radiologically in postoperative period with a mean follow-up
period of 2.3 years (range, 3 month to 4 years).

RESULTS

Neurological improvement was observed in 4 (44.4%)
of 9 patients, while unchanged in the others. Urological
disturbances improved in 2 (20%) of 10 patients. Back
pain was improved in all patients. However, scoliosis and
foot deformities were unchanged postoperatively. CSF
fistula was the main complication and observed in 3 (6.1%)
patients. Skin lesions such as dermal sinus tracts, dimples
or subcutaneous masses were corrected during the surgery,
but the hypertrichosis was unchanged following surgery.
No mortality or neurological deterioration was recorded.
The CM became free and observed as not attached to other
structures in the follow-up imaging studies in all cases. Re-
tethering was observed in 12 (24.5%) patients and most of
them had lipomeningocele preoperatively. Re-operation
was not planned for these patients because no neurological
deterioration was observed.

Although this is a retrospective review of the patients’ data
with no control group, spinal cord release seems to be
beneficial in maintaining neurological functioning in children
with TCS.

DISCUSSION

From 2004 to 2009, a total of 49 children underwent surgery
for untethering of the spinal cord. Of these, 41 (83.7%)
patients had concomitant diagnosis of malformation, such
as lipomeningocele, split cord or myelomeningocele. Surgery
of TCS with such malformations showed some variations and
the technique varies according to the underlying lesion. Not
only the section of FT but also the dissection and cleaning
of arachnoid bands around the rootlets are important for
an effective detethering procedure. It is interesting to note
that only 9 patients of 49 in the TCS patient population had
neurological symptoms related to tethered cord and 4 of
them showed clinical improvement after surgery. However,
urinary functions were unchanged in most of the patients.
MRI was the main radiological follow-up method in our series.
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Spinal cord

Filum
terminale

Figure 3: The line drawing shows spinal cord, filum terminale,
rootlets and arachnoid and fibrous bands which are attached and
tethered the spinal cord.

Figure 4: The intraoperative view of a patient with thick filum.
Sacral rootlets are separated from the filum and directed toward
the left and right sacral foramina. FT: Filum Terminale, Rt: Rootlet.
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TCS is a rare intraspinal anomaly, caused by abnormal spinal
cord fixation and resultant low-lying and immobile conus
medullaris. The incidence of TCS is estimated to be 0.05 to
0.25 per 1000 births. It may result from many causes, includ-
ing intraspinal lipoma, lipomyelomeningocele, diastema-
tomyelia, spina bifida occulta, tight or thickened filum ter-
minale, or scarring from previous myelomeningocele repair
(3,4,10,15,17,18,25). In addition to pain, neurological dysfunc-
tion, and urological dysfunction, pediatric TCS is frequently
associated with scoliosis (5,10,16,18,19,30). In accordance
with the previous reports in the literature, lipomeningocele
and split cord malformations together constitute 60% of all
tethered cord cases in our series (2,10,11,12,13,14)

The syndrome is usually diagnosed in childhood and the
presentation is variable and may be insidious. A TCS is
suspected in patients with an unexpected spastic gait, a
neurogenic bladder, bowel dysfunction, lower extremity
weakness, scoliosis, or foot deformities. Although the
presentation of TCS is well recognized and the course is
usually progressive, it continues to pose significant diagnostic
and surgical controversies (23,26,27,28,29). In our series, skin
lesions were the most prominent symptoms, followed by
neurological disturbances, urinary disorders, and scoliosis.

Before the management of pediatric patients with TCS, some
questions should be answered. Should the treatment be
aggressive? Should it be investigated and operated on as soon
as possible? Is it reasonable to perform prophylactic surgery
on patients who are neurologically intact? (14) In general, we
perform aggressive treatment to children with TCS because
they would have severe pain and advanced neurological
deficits in the future. But the aggressive treatment could
result in worsening of their neurological deficits. Pre-
operative studies are necessary to plan the treatment in order
to avoid operative morbidity or complications. However, if the
children with TCS have associated malformations, impending
neurological deficits and/or progression of their existing
neurological deficits, it is reasonable and prudent to operate
as soon as possible.

There are various controversial opinions about operating
on patients who are neurologically intact for prophylactic
purposes. However, if tethering pathology is confirmed
through a radiological investigation, a prophylactic spinal
cord release procedure seems reasonable and can be
recommended if the patient is limited in exercise or work.
There are many reports describing the surgery for tethered
cord release in children (4,14,10,18,22,24,26,27,28). All of
these studies summarized the surgical technique as repair
of associated lesion and cutting the filum terminale. But
some surgical details are missed in these reports. By the
present study, we tried to describe the surgical technique
as detailed as possible. Accurate localization of the level of
CM preoperatively, identification and confirmation of the
FT, preservation of the rootlets are the surgical pearls of
our technique, while arachnoid and fibrous bands which
attached to the FT are the pitfalls for surgeon. The surgical
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plan for TCS must be tailored according to the preoperative
radiological diagnosis and modified as necessary according
to intraoperative pathological findings (17). Many differences
in the mode of onset, clinical manifestations, and outcome
exist between pediatric and adult patients with TCS and
this warrants a more detailed analysis in children. The most
problematic technical consideration in surgery for the release
of the tethered cord is how to release the spinal cord, to
preserve the neural elements and to rebuild the dural sac
to maintain normal CSF circulation (14). Opening the dura,
identification and section of the FT and dural closure is the
routine technique to release the spinal cord in the literature
(6,16,19,21,28). Although this technique is simple, it is not
enough to reach a satisfactory spinal cord release. In addition,
the FT can be identified by its typical dorsal midline location,
its slightly bluish discoloration, its anteriorly located vessels,
and the fat that often infiltrates it (6). But this is not always
true. In our technique, we, first focused on the cause of
tethering and solved this problem. Then, we directed to the
FT and rootlets to release the spinal cord. In cases of split cord
malformations, there may be two FTs for both hemicords
and these FTs should be identified before sectioning. An
anteriorly located vessel may not be a reliable marker for FT
and the FT may not be located midline in cases of split cord
malformations. In addition, sectioning of FT is not enough to
release the cord because arachnoid bands and fibrous stalks
might also tether the spinal cord. Therefore, we suggested
meticulous arachnoid dissection and preservation of neural
elements. Identification and protection of the rootlets are
crucial for maintaining the neural stability of the patient.
The surgeon should identify these rootlets and follow
them until the foramen, and differ from the bands either by
electrophysiological techniques or microtechniques. The FT
could be confirmed by neurophysiological monitoring, but
we used microscope and microinstruments to identify the FT.
After the confirmation of FT, it is transected distally and the
end point of CM is closed with microsutures to decrease the
scar formation and prevent the re-tethering.

The operative results for pain are most gratifying (14). Most
of our patients had no pain after surgery, and sensorimotor
deficits also improved favorably with surgical release of
the conus. Many authors with experience in childhood TCS
have commented on the poor operative results in terms
of urinary dysfunction (14,19). In childhood TCS patients,
sensory deficits, musculoskeletal atrophy, and voiding
difficulty were improved after early untethering procedures.
However, pain relief and sensorimotor deficits were improved
after untethering in adults TCS patients. In the school-aged
children, adolescents, and young adults with TCS, untethering
is an appropriate procedure when there are neurological
symptoms and signs and a confirmed tethering effect
based on neuroimaging (21,29). Likewise, our results for
bladder dysfunction were disappointing. Of the 49 patients
with TCS, the pre-operative sensorimotor deficits improved
after surgery in 4 patients (8.2%) while the others remained
neurologically stable postoperatively.
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CONCLUSIONS

We recommend surgical management for TCS in childhood.
Intradural arachnoid bands and fibrous stalks may attach to
the FT and CM, and confuse the surgeon. Not only the FT
but also these bands should be cut and removed in order to
preserve the CM and sacral rootlets. The clinical outcome is
excellent if the tethering structures are completely released.
Early diagnosis and adequate surgical release are the keys to
a successful outcome in children with TCS.
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