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8The Tethered Cord Syndrome and Its 
Occult Form
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�Congenital Spinal Defects Cause Stretching/Tethering 
of the Spinal Cord

A clinical description of the spinal cord under undue tension first appeared in the 
medical literature in 1857. Johnson reported a pediatric patient with a “fatty tumor 
of the sacrum…connected with the spinal membranes” [1]. Eighteen years later, 
Jones (1891) described the first surgical intervention on the spine to relieve pressure 
on the cauda equina [2]. Another few passed before Fuchs (1910) hypothesized that 
the intermittent incontinence seen in patients with myelomeningocele was due to 
increased tension on the distal spinal cord during flexion [3]. Lichtenstein was the 
first to employ the term “spinal dysraphism,” and although he helped further the 
concept of cord dysfunction secondary to tethering lesions, his hypothesis linking 
this to the Chiari malformation was ultimately not accepted [4, 5]. Subsequent arti-
cles continued to expand on distal spinal cord disorders such as sacral lipomas and 
occult spinal dysraphism (OSD), although they made little reference to any tether-
ing effect, and instead attributed neurological deficits to lipomatous infiltration or 
congenital neuronal dysgenesis [6, 7].
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�The Tethered Cord Syndrome Is the Clinical Manifestation 
of Such Stretching

Surprisingly, the filum terminale was not mentioned in the context of a tethered 
spinal cord until Garceau’s description in 1953 of “filum terminale syndrome” 
involving three patients demonstrating clinical improvement following lumbar lam-
inectomy and the severing of a thick, tight filum terminale [8]. Garceau’s findings 
implicating a tight filum terminale in spinal cord tension-induced neurological dys-
function were later supported by the work by Jones and Love and by James and 
Lassman [9, 10].

�Evidence of Tethered Cord Syndrome (TCS)

�Anatomical

Anatomical correlations of the clinical manifestations of a tethered conus were first 
introduced by Fitz and Hardwood in 1975 with their classification of a “conus tip 
below the L2-3 interspace in a child older than five years” and a “filum measuring 
greater than two mm on myelography” as abnormal [11] (Fig. 8.1). Subsequently, 
there was no concrete definition of the syndrome until the 1976 surgical series by 
Hoffman et al., describing 31 patients with symptomatic improvement following 

Fig. 8.1  An 11-year-old female who remained unable to walk until 4 years of age. She presented 
with chronic progressive back pain, progressive lower extremity weakness, and progressive blad-
der incontinence. The figure shows a T1-weighted axial image of the mid-lumbar spine depicting 
a thick and fatty filum terminale. The conus medullaris is low lying, terminating at the mid-L3 
vertebral level. This case represents a typical symptomatic TCS patient
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sectioning of a thickened, tight filum. This was the first clinical description of “teth-
ered cord syndrome” (TCS) and helped establish a “low conus medullaris and a 
thickened filum terminale measuring 2 mm or more in diameter” as diagnostic cri-
teria [12–16].

�Physiological/Experimental

Despite an impressive body of clinical evidence describing the associated motor and 
sensory changes, there remained a relative lack of mechanistic understanding of the 
presumed neuronal dysfunction in TCS. In 1981, Yamada et al. provided the most 
compelling evidence for a possible mechanism [17]. Defining TCS as a “stretch-
induced functional disorder of the lumbosacral spinal cord,” they used human and 
feline experimental models to establish that caudal traction on the distal spinal cord 
results in diminished blood flow and a semi-reversible impairment in oxidative 
metabolism that manifests as neurological deficits. Both the degree and reversibility 
of cord dysfunction depend on the magnitude and duration of cord traction. The 
authors also concluded that chronic tension leads to pre-loading of the distal spinal 
cord, allowing severe and permanent injury to occur as a result of even minor addi-
tional stretching [18–20]. Kocak et al. reported similar findings using a guinea pig 
model [21].

�The Basic TCS Anomaly Is the Tight Filum Terminale

�Low-Lying Conus Medullaris

Yamada [19] summarized his findings in a description of TCS that included updated 
diagnostic imaging criteria in the form of (1) a thick filum terminale (>2 mm in 
diameter) and/or a structural decrease in viscoelasticity (fibroadipose tissue, etc.), 
(2) an elongated spinal cord, and, uniquely, (3) posterior displacement of the conus 
medullaris with the filum terminale pressed against the thecal sac. Although the 
level of the conus tip was deemed nonessential in this summary, this diagnostic 
criterion has obviously persisted [13, 19, 22].

�Classic TCS Surgical Series

This new pathophysiological evidence behind TCS coincided with an effort at better 
establishing the surgical experience associated with cord untethering. In one of the 
first relevant surgical series on TCS, Pang et al. reported on 23 adult patients [22]. 
All 23 met TCS criteria on the basis of a conus tip “below the lower border of the 
L2 vertebral body” and a spectrum of preoperative signs and symptoms that included 
pain, sensorimotor deficits, urinary bladder dysfunction, bowel dysfunction, and 
cutaneous manifestations. The authors reported postoperative improvement in pain 
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and sensorimotor deficits in 83.3% and 86.7% of patients, respectively, with modest 
improvement recorded for bladder dysfunction (38.5%) but no improvement in 
bowel dysfunction. This pattern has been replicated, with more recent reports dem-
onstrating the successful stabilization of neurological decline and a consistently 
high rate of postoperative pain resolution, both within the 80–100% range. Rates of 
improvement following untethering have been more variable regarding other com-
mon preoperative complaints such as urological dysfunction [19, 23–26]. While 
other literature has confirmed Pang’s findings of rates of improvement as high as 
87%, several other reports and reviews show rates of improvement as low as 16% 
[22, 25, 27–31]. Admittedly, much of this variability is due to differences in the way 
outcomes are measured.

�TCS from Other Lumbar Spinal Anomalies

In addition to breaking ground on the pathophysiology behind TCS, Yamada et al. 
also broadened the clinical definition of TCS by correlating the stretch-induced cord 
dysfunction seen in this condition with similar neurological changes in patients with 
other distal cord anomalies such as myelomeningocele, lipomyelomeningocele, and 
other forms of spinal dysraphism [17]. These observations were published within a 
year of the similar conclusions by James and Lassman in their classic monograph 
“Spina Bifida Occulta,” which implicated spinal cord tethering in a variety of dys-
raphic lesions including lipomyelomeningocele, diastematomyelia, meningocele 
manqué, and dermal sinus tract. Nevertheless, as more and more cases appeared in 
the literature, the trend was clearly toward a more inclusive etiological differential 
for TCS secondary to some form of cord tethering.

�Emergence of OTCS

�TCS in Patients with Normal Conus and Filum Anatomy  
(Occult TCS)

Hoffman et al. deepened this diagnostic spectrum with a second surgical series dem-
onstrating clinical improvement in patients who presented with the characteristic 
neurological findings of TCS together with myelographic abnormalities. However, 
this subsequent surgical description included a subset of patients whose sole ana-
tomical finding was a “tight filum,” defined only by its tendency to “spring apart 
when transected” intraoperatively. Despite a normally positioned conus and non-
thick filum terminale, TCS was diagnosed in these patients, and surgery was per-
formed given only a combination of “classical” signs and symptoms and the 
presence of bony spina bifida occulta [32–34]. This series set the stage for the diag-
nosis of TCS in the absence of a low-lying conus and eventually an array of contro-
versial papers on “occult tethered cord syndrome” (OTCS).
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�TCS with Conus in Normal Position (Warder and Oakes)

During the past two decades, a number of authors have offered evidence to support 
operating on patients with TCS-like symptoms with a normally positioned conus. In 
their retrospective series involving 13 patients with TCS “in whom the spinal cord 
terminated at or above the L1–L2 disc space,” Warder and Oakes were the first to 
discuss the criteria for operating on TCS patients without a low-lying conus medul-
laris (Fig. 8.2). Given a history significant for incontinence and spina bifida occulta, 
the authors selected patients on the basis of cutaneous, neurological, and/or ana-
tomical findings, most frequently including filar lipomas. Ten (77%) of these 
patients presented with neurological deficits. Lower extremity weakness, spasticity/
hyperreflexia, and bladder dysfunction were the most common complaints, each 
occurring in four of ten (40%) patients. Bowel dysfunction was slightly less com-
mon, occurring in three of ten (30%). Cutaneous stigmata including lumbosacral 

Fig. 8.2  TCS with conus 
in normal position. An 
18-month-old female with 
multiple congenital 
abnormalities who 
presented with progressive 
scoliosis. The figure shows 
a T1-weighted midsagittal 
MR image of a very thick 
and fatty filum terminale 
with a normally positioned 
conus medullaris at the L1 
vertebral level. The 
abnormal filum in this case 
cannot be denied, and most 
surgeons would choose to 
treat. However, the natural 
history and cause and 
effect between TCS and 
scoliosis can be questioned
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hemangioma, lumbosacral subcutaneous lipoma, and a midline skin tag were identi-
fied in 4 of 13 (31%), 1 of 13 (8.5%), and 1 of 13 (8%) patients, respectively. 
Extremity abnormalities including leg length discrepancy and foot deformities were 
present in 3 of 13 (23%) and 2 of 13 (15%), respectively. Radiographic findings 
consisting primarily of bifid vertebrae were reported in 10 of 13 (77%) patients. 
Intradural pathologies of occult spinal dysraphism including lipoma of the filum, 
diastematomyelia, meningocele manqué, and syringomyelia were present in eight 
of ten (80%) patients. Fat in the filum terminale was confirmed “either microscopi-
cally or radiographically” in 12 of 13 patients (92%). Outcomes were based on a 
reassessment of presenting symptoms and their categorization as improved, 
unchanged, or worsened during a follow-up period of 6  months to 6  years. The 
authors reported “improvement or stabilization of the majority of the presenting 
neurological complaints” and endorsed the consideration of filum release in this 
population of patients [35–37]. Although they were appropriately cautious about 
their assertions, this article still succeeded in setting a precedent for the surgical 
management of TCS in patients with a normally positioned conus.

�Did These Patients Have OTCS?

At the most superficial level, one must first consider the exact diagnosis in this 
cohort of patients. Warder et  al. defined their surgical indications clearly and 
attempted to establish a diagnosis of TCS in all of their patients. Not surprisingly, 
they made sure to emphasize the presence of either cutaneous or anatomical hall-
marks of occult spinal dysraphism. In the absence of a more concrete definition of 
OTCS and lacking any evidence to suggest otherwise, these patients all fell within 
the growing gray area between OTCS and classic TCS. Cautionary claims aside, a 
cursory analysis of this series yields room for interpretation. Foremost among the 
causes of irresolution is the bias inherent in relying on patient reports for outcomes 
data, and data indicating 20–50% prevalence of bony spina bifida occulta and a 6% 
incidence of fat in the filum terminale in the general population [35, 38] (Fig. 8.3). 
Consequently, this paper did little to dispel the mystery surrounding OTCS.

�Diagnosed OTCS Surgical Series (Nazar et al.)

In stark contrast, Nazar et  al. reported 32 definitive cases of “occult tethered cord 
syndrome” (OTCS) in their pediatric surgical series [39]. Presenting problems 
included severe back and/or leg pain, daytime urological problems, encopresis, or a 
combination of symptoms. In addition to a thorough history and physical examina-
tion, each patient was imaged via lumbar and sacral spine X-rays, lumbar MRI, and 
CT/myelography. Patients presenting with urological symptoms underwent pre- and 
postoperative urodynamic studies to assess detrusor hyperreflexia. Outcomes included 
a comparison of pre- and postoperative pain symptomology, the ability to return to 
performing a full range of physical activities, urodynamic studies when applicable, 
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and the percentage decrease in reported urinary incontinence/frequency/urgency. Pain 
was the most common complaint and was present in 22 of 32 (69%) patients. Pain was 
the only complaint in 9 of the 32 (28%) and was associated with other symptoms in 
13 (41%). Daytime urological dysfunction was present in 22 of 32 (69%) patients and 
was associated with pain in 10 of 32 (31%). Preoperative urodynamic studies were 
obtained in 20 patients and revealed small bladders, early detrusor contractions, and 
poor sensation in most cases. Bowel incontinence was present in 11 of 32 (34%) 
patients preoperatively. Physical findings other than those associated with pain were 
largely absent, and only 2 of 32 (6%) patients displayed cutaneous markings typically 
associated with spina bifida occulta in the form of a cutaneous lumbar hemangioma 
and lumbar hypertrichosis. Only 3 of 32 (9%) patients presented with an abnormal 
neurological exam in the form of absent ankle jerk in two and lower extremity weak-
ness with an associated limp in one. MR imaging confirmed the tip of the conus 
medullaris above the L2 vertebral body and a lipoma-free filum terminale measuring 
less than 2 mm throughout its entire course in all 32 patients. Lumbar X-rays identi-
fied bony spina bifida occulta in 28 of the 32 (88%). The filum terminale was identi-
fied and sectioned intraoperatively in all 32 patients, and histological examination 
confirmed a normal-appearing filum without fat infiltration, scarring, or hemorrhage. 
During follow-up of 2–48  months, pain was relieved in 22 patients, all of whom 
returned to full independent activity. Daytime urinary bladder function normalized in 

Fig. 8.3  A 6-year-old 
male with a symptomatic 
Chiari I malformation in 
the absence of symptoms 
of a tethered cord. The 
figure shows a 
T1-weighted midsagittal 
MR image of a thick and 
fatty filum terminale with a 
normally positioned conus 
medullaris at the L1 
vertebral level. Should this 
filum be considered 
abnormal?
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14 of the 22 patients (64%) and showed 50% or greater improvement with respect to 
a decrease in frequency/urgency/incontinence in 7 of the 22 (32%) postoperatively. 
Similarly, eight of nine (89%) patients demonstrated increased bladder capacity and 
sensation during postoperative urodynamic testing. Interestingly, only nine patients 
underwent urodynamic assessment postoperatively compared to 20 prior to surgery. 
Stool incontinence resolved in 9 of 11 patients (82%). Despite their willingness to 
commit to a diagnosis of OTCS, Nazar et al. largely avoided drawing conclusions 
from their observations in a pattern similar to Warder and Oakes, simply stating that 
“sectioning of a normal-appearing filum terminale appeared beneficial in the majority 
of patients.” Although cautiously nonconclusive in practice, it became harder and 
harder to ignore the impact of multiple surgical series describing positive operative 
outcomes in patients with either OCTS or, more confusingly, a TCS-like syndrome 
with imaging abnormalities that, if not absent, at least did not fit the previously estab-
lished “classic” criteria of TCS (Fig. 8.4).

Fig. 8.4  A 4-year-old 
male with history of a 
progressive neurogenic 
bladder (worsening 
urodynamics) and lower 
extremity fatigue, a normal 
neurological examination, 
and a thin distal spinal 
cord syrinx. This is a 
T1-weighted midsagittal 
MR image showing the 
syrinx, as well as a 
posteriorly displaced conus 
medullaris ending at the L1 
spinal level. There is no 
evidence of a Chiari I 
malformation, spinal cord 
tumor, or other possible 
etiologies of the syrinx. 
This case illustrates the 
gray zone between TCS 
and OTCS. The only 
abnormalities on this scan 
are the syrinx and, 
according to some authors, 
a posteriorly displaced 
conus
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�Is OTCS a Real Diagnosis?

�Signs and Symptoms Occur in Normal Patients

The first issue to examine is the actual existence of OCTS. As we have discussed in 
some detail, much of the confusion surrounding the diagnosis lies in differing defi-
nitions. The combination of a broad spectrum of etiologies, all possibly leading to 
the same stretch-induced pathophysiology behind TCS, and the increasingly popu-
lar practice of surgical management in the absence of radiographic findings has left 
substantial room for interpretation. This is concerning, since in the context of nor-
mal imaging, many of the symptoms used to diagnose OTCS including back pain 
and urological dysfunction have a relatively high prevalence in otherwise healthy 
populations. For example, low back pain has a prevalence ranging from 24% to 58% 
in school-aged children between the ages of 11 and 14 years [40–42]. Similarly, 
urinary bladder incontinence is a problem affecting 20–40% of office visits to pedi-
atric urologists with a prevalence rate between 11% and 20% among children in the 
4–10 year age range [43–45]. Given the marked improvement in urinary inconti-
nence reported after cord untethering, it is important to note that in most cases of 
pediatric urinary incontinence, the differential diagnosis list can be extensive, and 
there is spontaneous improvement in almost 90% [45, 46]. This raises several ques-
tions regarding both the diagnosis of OTCS and any benefit derived from filum 
sectioning versus time and medical management [47].

�Do We Need to Operate on OTCS Patients?

Beyond the immediate symptomatic improvement described following filum sec-
tioning, the decision to operate in the context of cord tethering is frequently predi-
cated on a natural history for tethering lesions, occult or otherwise, that is described 
as both progressive and inevitable [17, 34, 48, 49]. Some recent evidence suggests 
that clinical deterioration is not inevitable in this patient population. In their small 
retrospective analysis, Steinbok et al. described 15 cases of children with refractory 
urinary incontinence and “possible OCTS” based on a normally positioned conus 
and no other visible explanation for urinary incontinence. Following discussions 
with families about filum sectioning as an “unproven but potentially beneficial pro-
cedure,” eight chose surgery, and seven chose more conservative measures. After a 
mean follow-up of 3.3 years, there was no evidence of deterioration in any of the 
conservatively managed patients, and 29% of them showed some improvement in 
their symptoms [50]. This must of course be compared with the 88% of patients 
who showed symptomatic improvement following surgery. However, it is most con-
cerning that much of the literature surrounding filum sectioning in OTCS lacks a 
benchmark for significance, yet there is a widespread disagreement about both the 
diagnosis and the treatment of OTCS, most physicians expressing unease about the 
practice [51]. Such a wide distribution in the absence of concrete data is surprising 
and questions our contemporary threshold for what we claim to be data-driven 
changes in clinical practice.
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�No Established Diagnostic Tests

Although a patient population exhibiting the clinical picture of TCS in the absence 
of lumbar cord abnormalities is possible, if not likely, the relative size of that popu-
lation is unknown. Accordingly, what needs to be rigorously established is a mini-
mum constellation of signs and symptoms warranting surgical intervention. Along 
these lines, some have proposed additional noninvasive testing to identify patients 
with suspected OTCS given the diagnostic limits of urodynamic testing. One exam-
ple involves the use of dynamic structural imaging of the spine via ultrasonography 
and more recently cine MR to assess for tethering and decreased motion [52, 53]. 
Yamada et al. have proposed the assessment of anal sphincter tone and posterior 
displacement of a normally positioned conus as criteria for diagnosis [54]. However, 
there is an almost complete lack of normal or pathological reference data with 
which to determine the sensitivity and/or specificity of these tests. Until such valida-
tion emerges, surgical management of OTCS will continue to be based largely on 
provider preference and clinical judgment. Nevertheless, the surgical management 
of OTCS is now established practice in some centers, and the main challenge for the 
future will be to establish more concrete diagnostic criteria. These criteria will 
require large cohorts comprising separate surgically and conservatively managed 
study arms if they are to achieve the necessary impact. However, given the previ-
ously established benefit of untethering in the context of symptomatic cord stretch-
ing, the question becomes one of ethics. Appreciating the current landscape of 
surgery for OTCS, some centers manage virtually every patient surgically, while 
others manage none in this manner. One option would be to match OTCS surgical 
centers to nonsurgical centers through registries and to measure standardized out-
comes between their respective patient populations. However, as we slowly approach 
the realization of large-scale surgical series for OTCS and the need to juxtapose 
“OTCS” presentations against the accepted “standard” TCS presentations, it would 
be sensible to begin by examining what most of the pediatric neurosurgery com-
munity considers to represent standard of care in the diagnosis of TCS, the evolu-
tion of its management, and how these standards were reached. It would be unwise 
either to adopt or to reject indications for a procedure (e.g., OTCS) without reason-
able knowledge of the burden of evidence used to establish similar indications for a 
comparable standard of care (TCS).

�The Standard of Care of TCS

First described nearly two centuries ago, TCS has had a uniquely controversial his-
tory. Pioneered during an era of widespread surgical discovery, it is possible that cord 
untethering to treat TCS has been grandfathered into current clinical practice and has 
yet to be viewed through the modern lens of evidence-based medicine. With a more 
procedurally permissive blurring of lines driven by OTCS, some might wonder at the 
percentage of TCS diagnoses that have resulted in unwarranted surgical intervention 
over the years. This concept of overtreatment is of growing concern in healthcare 
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with examples in many disciplines. For example, the overdiagnosis of invasive breast 
cancer among women in their 50s is estimated to be as high as 54% [55, 56]. 
Similarly, in the context of a steadily rising incidence of thyroid cancer since 1973, 
many new diagnoses have been of smaller and less aggressive cancers requiring no 
treatment [57]. Nearly every example is a result of improvements in screening and 
diagnostic technology, which inevitably result in increased detection of subclinical 
disease. This, in turn, leads to an overestimation of the benefits of certain therapies 
based on the treatment of milder disease forms. The evolution of TCS, in contrast, 
has not followed this pattern; diagnosis has been largely led by natural history data 
demonstrating deterioration over time in the absence of surgical intervention, which 
easily outweighs the fairly low risk of surgical complications in the context of rela-
tively simple defects (e.g., tight filum terminale, dermal sinus tract) [58–64]. It is not 
the purpose of this chapter to review the surgical indications of TCS, as these studies 
are reviewed elsewhere in this book. However, a sense of generalization of both the 
therapeutic benefits of surgery and the detrimental effects of conservatism seems to 
have permeated the literature inextricably during the last three decades. On the one 
hand, this eventually led to the scientifically unproven concept of OTCS being 
encompassed within the surgical armamentarium; at the other extreme, it led equally 
conscientious surgeons to question the status quo and state that surgery is seldom, if 
ever, necessary in any of these disorders [65–67]. It may be time for large cohort 
studies and registries to help us determine not only what works or does not work but, 
more importantly, what is appropriate in the context of specific diagnoses (tight filum 
terminale, split cord malformation, lipomyelomeningoceles, and even lipomyelo-
meningocele subtypes, etc.), age, imaging findings, and symptomatic states. As has 
been demonstrated in other medical disciplines, the answer is likely to prove more 
complicated than assumed by either school [68–70].

�Does This Represent a Larger Problem?

First announced in the early 1990s, evidence-based medicine is a relatively new 
paradigm aimed at improving healthcare. Evidence-based medicine is defined as 
“the conscientious and judicious use of current best evidence in conjunction with 
clinical expertise and patient values to guide health care decisions” [71, 72]. What 
constitutes “best evidence” is assessed on the basis of different levels of evidence, 
with systematic reviews topping the list. As is the case with TCS, “when definitive 
evidence is not available, one must fall back on weaker evidence” and ultimately 
accept “that physicians who are up-to-date as a function of their ability to read the 
current literature critically… are able to distinguish strong from weaker evidence…
are likely to be more judicious… [and] make more accurate diagnoses” [72, 73]. 
Can we truly claim that this is the case for OTCS? The cliché “hindsight is 20/20” 
can be applied broadly in the history of medicine and especially surgery. Although 
we cannot look into the future to identify our current follies, we do possess fore-
sight, the full potential of which we cannot achieve without an honest look at our 
practices and a reassessment of what we do and why.
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