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Abstract

Introduction Intradural transection of the filum terminale (FTI) is often used to treat tethered cord syndrome. Recently, some
have proposed that the extradural part of the filum terminale (FTE) can be sectioned with equal results but with fewer compli-
cations. Therefore, the present cadaveric study aimed to evaluate the anatomical foundation of such procedures.

Methods A posterior lumbosacral approach was performed on five fresh-frozen cadaveric specimens to expose both the FTI and
FTE. Tension was then applied to the FTE and observations and measurements made of any movement of the FTI. Other
morphological measurements (e.g., length, diameter) of the FTI and FTE were also made.

Results Although very minimal movement of the FTI was seen in the majority of specimens following tension on the FTE, no
specimen was found to have more cranial movement of the conus medullaris or cauda equina. The mean length and diameter of
the FTI was 52.2 and 0.38 mm, respectively. The mean length and diameter of the FTE was 77 and 0.60 mm, respectively. The
force necessary to move the FTI with tension applied to the FTE had a mean of 0.03 N. The average distance that the FTI moved
with distal FTE tension was 1.33 mm. All specimens had a thecal sac that terminated at the S2 vertebral level. And no specimen
had a low-lying conus medullaris, cutaneous stigmata of occult spinal dysraphism, or grossly visible adipose tissue in either the
FTI or FTE.

Conclusions Based on our studies, tension placed on the FTE has very little effect on the FTT and no obvious effect on the conus
medullaris or cauda equina. Therefore, isolated transection of the FTE for a patient with tethered cord syndrome is unlikely to
have significant effect. To our knowledge, this is the first study to quantitate the distal forces needed on the FTE to move the FTL
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Introduction

Tethered cord syndrome (TCS) is a form of occult spinal
dysraphism often characterized by a low-lying conus
medullaris. Clinically, a wide variety of neurologic symptoms
has been associated with TCS including an abnormal gait,
club foot, pain, weakness, and often issues related to
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dysfunction of the conus medullaris (e.g., urinary inconti-
nence) [1, 7,9, 10, 17]. In conjunction with clinical appraisals,
the vast majority of TCS diagnoses are made by using MRI [6,
21] in order to visualize the position of the conus medullaris
and many times after cutaneous stigmata are observed in the
midline lumbar region [20, 23].

The filum terminale (FT), an extension of the pia mater at
the distal end of the spinal cord (SC), runs from the CM to
the first segment of the coccyx (Fig. 1) [18, 19]. The FTI
runs within the dura mater and carries with it a filar vein and
artery [4, 14] before fusing with the distal end of the thecal
sac, emerging as the FTE. The FTE then travels caudally
through the sacral hiatus before terminating on the dorsal
coccyx [19].

A thickened FT may anchor the SC during embryonic de-
velopment [2, 7, 23]. Once the embryo reaches approximately
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Fig. 1 Schematic drawing (left)
of the FTI (brown) and FTE
(green). Cadaveric dissection
(right) with FTI colored yellow
and most proximal FTE (purple)
and most distal FTE (green). The
distal dorsal elements of the sa-
crum are still intact to illustrate
the sacral hiatus and the terminal
thecal sac is opened and tented
laterally with silk sutures

30 mm in length, the vertebral column begins to lengthen
more rapidly than the spinal cord, causing undue mechanical
tension to be exerted on the cord [16]. This tension leads to
metabolic stress and hypoxia in spinal cord tissue, generating
the symptoms associated with TCS [9, 10, 23]. TCS was first
described by Garceau in 1953 [3], who dubbed it “filum
terminale syndrome.” Classically, the FT is one of the ana-
tomical structures most at risk of being tethered in cases of
TCS, especially when laden with adipose tissue and greater
than 2 mm in diameter.

In the event of a symptomatic tethered FTI, standard sur-
gical protocol involves the release of the FT [15]. Traditional
surgical approaches to the FTI involve a laminectomy at the
L5 or S1 level. The act of removing bone and opening the dura
mater during these procedures can often lead to the formation
of scar tissue or CSF leak post-operatively. Therefore, a vari-
ety of minimally invasive procedures have been explored as
potential alternatives to traditional TCS surgery [5].

Recently, a few reports have suggested that in certain cases
of TCS, release of the FTE alone may lead to a significant
amelioration of patient symptoms [11, 15, 22]. In order to
establish a wider set of indications for release of the FTE, a
consistent mechanical relationship between the FTI and the
FTE must be established. In this study, the mechanical rela-
tionship between the FTI and FTE was explored in fresh ca-
davers in order to analyze whether or not release of the FTE
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may be a viable and minimally invasive form of treatment for
TCS.

Materials and methods

A posterior lumbosacral approach was performed on five
fresh-frozen cadaveric specimens to expose both the FTT and
FTE. The cadaveric specimens studied ranged in age from 59
to 79 at the time of death and included both sexes (three males/
two females). In the prone position, laminectomies of the en-
tire lumbosacral region were performed with bone rongeurs.
The terminal portion of the thecal sac was then opened with
dissecting scissors and the FTI identified and followed distally
out of the thecal sac as it became the FTE and attached
through the sacral hiatus onto the dorsal coccyx. A silk suture
was then tied to the FTE. Then, it was placed under tension
using a hand-triggered tensometer (Lyman, Middletown, CT,
USA) and the force needed to produce movement of the FTI
recorded. Other measurements (all made with a microcaliper
(Mitsutoyo, Kanagawa, Japan) with a resolution of 0.01 mm
and accuracy of = 0.025 mm recorded during the study includ-
ed total distance moved by FTI during tension, length of the
FTI and FTE, and diameter of the FTI and FTE. The approx-
imate ending of the thecal sac was also recorded for each
cadaveric specimen.
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Results

Although very minimal movement of the FTI was seen in
the majority of specimens following tension on the FTE, no
specimen was found to have more cranial movement of the
conus medullaris or cauda equina. No gross adipose tissue
was found in any FTI or FTE. The mean length and diam-
eter of the FTI was 52.2 mm (range 41-50 mm) and
0.38 mm (range 0.10-0.76 mm), respectively. The mean
length and diameter of the FTE was 77 mm (range 66—
88.3 mm) and 0.60 mm (range 0.28—0.87 mm), respective-
ly. The force necessary to move the FTI with tension ap-
plied to the FTE ranged from 0.014 to 0.06 N with a mean
of 0.03 N. The average distance that the FTI moved with
distal FTE tension was 1.33 mm (range 0-3.49 mm). All
specimens had a thecal sac that terminated at the S2 verte-
bral level. No specimen had signs of previous surgery or
gross pathology in the regions examined. No specimen was
found to have a low-lying conus medullaris or cutaneous
stigmata of occult spinal dysraphism. The FTE was very
adherent and difficult to correctly identify without full ex-
posure of the dorsal elements of the sacrum and confirma-
tion of this structure up to the termination of the cul de sac
of the spinal dura mater.

Discussion

We found that grossly visible motion of the FTI was ob-
served when the FTE had distal tension applied to it.
However, this movement was very minimal and some-
times, there was no movement (Fig. 2). Traditionally, the
surgical approach for TCS includes lumbar laminotomy,
lumbar laminectomy, or S1 laminectomy. However, some
have reported that TCS symptoms can be relieved with
minimally invasive extradural transection of the FTE
[15, 22] through the sacral hiatus with or without endos-
copy [11, 15]. Advantages of a minimally invasive proce-
dure include lower risk of retethering, shortened operating
time, and lower post-operative complications.
Additionally, although caudal epidural anesthesia via the
sacral hiatus usually carries minimal risks [8, 12, 13],
correctly identifying the FTE at the sacral hiatus is very
difficult and in our study, required confirmation by re-
moving all of the dorsal elements of the sacrum and
confirming its proximal attachment to the spinal dura cul
de sac.

For example, recently, Veronesi et al. [22] described a
single case in which a trans-hiatal approach was used in
order to section the FTE of a patient presenting with pain
and progressive gait disruption. This procedure involved
neither bone removal nor violation of the dural sac.
Evaluation of the patient 3 months post-operatively showed

Fig. 2 Cadaveric specimen illustrating the FTI (right arrows) and FTE
(left arrows). Note that even with elevation and dorsal distraction of the
FTE with a dissector, the FTE remains lax and loosely falls to the anterior
dural sac, which is tented laterally with silk sutures

that symptoms had improved significantly [22]. In a larger
study, Royo-Salvador et al. [15] reported mostly adult pa-
tients with tethered cord syndrome of which, nine patients
underwent filum terminale section outside of the dural sac.
Although their paper made it difficult to discern which nine
patients had an extradural procedure, all patients were re-
ported to have improvement of their preoperative
symptoms.

Our study found that motion of the FTT was present in four
of the five specimens after tensing the FTE. However, the
movement of the FTI was very minimal. Moreover, in order
to verify the anatomy of the FTE, removal of all of the dorsal
sacral elements is necessary.

Conclusion
To our knowledge, this is the first study to quantitate the distal
forces needed on the FTE to move the FTI. Based on our

cadaveric findings, extradural transection of the filum
terminale is probably inappropriate.
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