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Abstract

Purpose Tethered cord syndrome (TCS) typically presents with urologic symptoms and abnormal imaging findings. However,
some patients present with normal conus medullaris level and filum terminale appearance on MRI. This research seeks to
assess the intended surgical results in this particular group of TCS patients who do not present with urologic complaints,
under the premise that the surgical approach goes a long way in preventing the onset of urologic abnormalities.

Methods This retrospective study included 59 operated patients with tethered cord syndrome who had a normal level termi-
nating conus medullaris and a normal looking filum terminale without urologic symptoms. Of these patients, 38 were female
and 21 were male. All patients underwent somatosensory-evoked potentials (SSEPs), and magnetic resonance imaging (MRI).
The surgical technique used was flavotomy, which involves cutting the filum terminale without performing a laminectomy.
Results The study population had a mean age of 22.5 years (SD=13.2). During the mean postoperative follow-up period
of 2.5 years, none of the patients developed urinary incontinence. Preoperative SSEP abnormalities included conduction
block in 39 patients (66.1%), low amplitude in 12 patients (20.3%), and delayed N22 wave latency in 8 patients (13.5%).
The surgical procedures were completed without morbidity or mortality, and all patients showed significant postoperative
improvement in SSEP parameters.

Conclusion Our results indicate that even though the filum terminale might have a normal looking MRI, TCS can also occur
due to some potential microscopic or structural abnormality. The study proves SSEP to be useful in TCS diagnosis and it
also proposes that if surgery is done early before any urologic complaints arise, chances of their onset will be minimized.
Such findings support the view that surgical measures should be entertained in symptomatic patients with abnormal SSEP
but normal MRI.
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Introduction

The conus medullaris usually ends at the level of the L1-2
intervertebral disc [1]. If it continues lower than the body
of the second lumbar vertebra, this is known as the main
finding of tethered cord syndrome [2]. Tethered cord syn-
drome is primarily a mechanical condition where tension
on nerve roots leads to cellular dysfunction and death,
which subsequently results in vascular compromise and
neural tissue damage, ultimately affecting bladder and
sphincter function [3]. Once established, reversing bladder
dysfunction back to normal is nearly impossible (untether-
ing has only been successful in 23% of cases) — [4]. Neu-
rological, urological, and orthopedic symptoms are pro-
duced by this syndrome [5]. Although typically diagnosed
in children, it may also be observed among adults [6].
Urinary incontinence is one of its most common manifes-
tations [7]. Patients with imaging showing the termination
point of their conus medullaris at or below L3 vertebral
body or those whose filum terminale measures 2 mm or
greater in thickness can be diagnosed with tethered cord
syndrome [2]. Nonetheless, even a filum terminale with
normal appearance but abnormal internal structure mainly
lacking elastic fibers may tether the spinal cord along with
a normally located conus medullaris as well [8].

This becomes a challenge to diagnose tethered cord
syndrome (TCS) in people with normal conus medullaris
and normal filum terminale thickness. It is thus our main
hypothesis that tethered cord syndrome could be a con-
dition that occurs in patients having normal level conus
medullaris and normal filum terminale, thereby posing
unique diagnostic challenges. Even when MRI findings
are normal, significant clinical symptoms of TCS may still
be present in patients as well as abnormal electrophysi-
ological tests such as somatosensory-evoked potentials
with conduction delay or conduction blockage. Therefore,
surgical treatment can alleviate these symptoms even in
the case of no changes on an MRI scan.

Despite extensive research on TCS, comprehensive
studies focusing on the diagnosis and treatment of TCS in
patients with normal imaging findings are not available.
The objective of this study is to examine clinical outcomes
for patients diagnosed with TCS who have a normal level
conus medullaris and normal filum terminale thickness,
but no sphincter disorders such as urinary incontinence.
We believe that the untethering procedure is very valuable
if performed before the arrival of sphincter disorders. In
the case of normal level conus medullaris (NLCM) and
normal thickness filum terminale (NTFT), tethering of the
spinal cord can be detected by SSEP studies. We planned
to investigate the long-term follow-up results to see the
effectiveness of the untethering procedure before sphincter
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disorder arrival [8]. Although SSEP diagnosed TCS in all
these cases, we did not confront sphincter control prob-
lems, particularly urinary incontinence, if it was not pre-
sent initially during the follow-up period.

Methods

All surgical procedures were performed by a single surgeon
(M.S.) between 1993 and 2023. The study inclusion criteria
were: (1) diagnosis of tethered cord syndrome (TCS), (2)
conus medullaris located at L1-L2 level, (3) filum terminale
thickness less than two millimeters, and (4) absence of uro-
logical symptoms. Exclusion criteria consisted of develop-
mental defects in neural tissues such as myelomeningocele,
lipomyelomeningocele, and split cord malformations that
led to secondary tethering.

Diagnostic procedures

All patients underwent magnetic resonance imaging (MRI)
and somatosensory-evoked potentials (SSEPs) tests. SSEP
investigations of spinal cord integrity defined pathological
results as a decrease in amplitude by 50% or more or an
increase in latency by 10% or more. Gait assessment was
performed using the Modified Rankin Scale (mRS) for
standardized evaluation of ambulatory function.

Surgical technique

The flavotomy method, which excludes laminectomy for
filum terminal release, was used in our surgical interven-
tions. To prevent further fibrosis that could cause instabil-
ity of the spine, we chose the flavotomy method to avoid
tampering with the normal anatomical structure. A vertical
midline skin incision was made between L5 and S1, fol-
lowed by subperiosteal dissection of the paravertebral mus-
cles. From the edge of the L5 lamina, the ligamentum flavum
was dissected and pulled cranially. To distinguish the filum
terminale from other neural tissues, a small dural incision
was made where a free nerve stimulator was used for differ-
entiation. Afterward, the filum terminale was severed using
bipolar coagulation. The excised part of the filum terminale
underwent postoperative pathological examination.

Data collection and analysis

Clinical data were collected including demographic details,
symptoms, MRI findings, and SSEP results. Statistical anal-
ysis was performed using IBM SPSS for Windows version
25.0 software (IBM Corp., Armonk, NY, USA).

The study was conducted in accordance with the Helsinki
Declaration of 1964. The local ethics committee cleared the
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study protocol (08/05/2024—30) and all participants provided
written informed consent.

Results

This study evaluated a total of 59 patients with TCS con-
cerning their demographic characteristics, clinical symp-
toms, SSEP results, and reasons for admission. All patients
were followed up, and no deaths occurred.

The mean age was 22.25 years (SD=13.2, range
0-61 years), with 21 males (35.6%) and 38 females (64.4%).
Based on imaging characteristics, patients were classified
into three groups: normal level conus only (n =20, 33.9%),
normal thickness filum only (n=15, 25.4%), and both nor-
mal level conus and normal thickness filum (n =24, 40.7%)
(Table 1). For older patients in our cohort (> 50 years),
symptoms had recent onset within the last 2.5-3 years rather
than lifelong presence. The mean duration of symptoms
before surgery in this age group was 30 months. The deci-
sion to operate was based on progressive neurological symp-
toms, particularly back and leg pain affecting 80% of daily
activities, sensory deficits, and gait abnormalities, coupled
with abnormal SSEP findings showing conduction block or
significant amplitude drops.

Table 1 Demographic characteristics of patients

Characteristic Number (n=59) Percentage (%)

Demographic Characteristics

Age (mean+SD) 22.25+13.2 -
Gender (Male) 21 35.6
Gender (Female) 38 64.4
Age Range 0-61 years -
Clinical Classification
Mean Follow-up Dura- 2.5 years (range: 0.5-20 years)

tion

Clinical manifestations varied in frequency, duration, and
intensity. Back and leg pain was most common (66.1% of
patients, mean duration 3.2 years), with 85% showing sig-
nificant postoperative improvement (p < 0.001). Orthopedic
abnormalities, including scoliosis (n=5) and foot deformi-
ties (n=2), were present in 11.9% of patients, with 60%
showing improvement after surgery. Approximately 8.5% of
the individuals experienced numbness that typically lasted
two years. Leg weakness was experienced by approximately
6.8% of the patients, not extending beyond five years on
average. Neck and arm pain (5.1% of patients) were asso-
ciated with Chiari malformation (n=2) and syringomyelia
(n=1), requiring additional surgical intervention. Sensory
deficits were reported by approximately 10.2% of subjects,
lasting within three years. Gait abnormality was observed
in about 13.6% of patients for a period not exceeding three
years (Table 2).

The SSEP results revealed a variety of abnormalities
among the 59 patients. A delayed N22 wave was observed
in 8 (13.5%) of patients, with an average delay time of
3.5+ 1.2 ms. An amplitude drop, with an average value of
4.1+0.9 pV, was diagnosed in 12 (20.3%) patients. Con-
duction block was the most common abnormality, observed
in 39 (66.1%) patients, with a mean block of 50% + 10%
(Table 3).

Among the 59 patients, the main causes of hospitaliza-
tion varied in frequency, duration, severity, and impact on
day-to-day activities. Most patients experienced back and
leg pain (66.1%) for an average duration of 2.5 years. The
severity ranged from mild to severe, with the symptom
affecting 80% of daily activities. Orthopedic disorders pre-
vailed among 11.9% of patients, who had them for around
two years, resulting in a significant change in their daily lives
(50%). Some patients complained of sensory disturbances
that lasted for an average period of one year and six months,
affecting daily activities in 40% of cases. Leg weakness
was found in a few patients (6.8%), where it continued for
less than two years before it impacted their lifestyle (30%).
Approximately 5% of the population experienced significant

Table 2 Clinical symptoms and

) Symptom Preop n(%) Duration (mean +SD) Postop improve-  p-value
surgical outcomes ment n(%)
Back/Leg pain 39 (66.1) 3.2+ 1.4 years 33 (85) <0.001
Orthopedic abnormalities:
- Scoliosis 5(8.5) 1.8 +0.8 years 3 (60) <0.001
- Foot deformities 2(3.4) 1.8 +0.8 years 1 (50) <0.001
Leg weakness 4 (6.8) 1.5+0.9 years 3 (75) <0.001
Neck/Arm pain* 3(5.1) 1.7+0.7 years 2 (67) <0.001
Sensory deficits 6(10.2) 2.1+1.0 years 5(83) <0.001
Gait abnormalities 8 (13.6) 2.3+1.1 years 6 (75) <0.001

*Associated conditions: Chiari malformation (n=2), Syringomyelia (n=1)
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Table 3 Pre and postoperative SSEP results

SSEP param-  Preop n(%) Preop- Complete p-value
eter erative values  resolution
(Mean+SD)  n(%)

Delay in N22 8 (13.5) 35+1.2ms 8 (100) <0.001
wave

Low amplitude 12 (20.3) 4.1+0.9 uV 12 (100) <0.001

Conduction 39(66.1)  50%+10% 39 (100) <0.001
block block

Statistical Analysis: Wilcoxon signed-rank test was used for compar-
ing pre- and postoperative SSEP parameters. Normal SSEP Values:
N22 wave latency:<1.0 ms Amplitude:>6.0 uV Conduction: No
block

neck and arm pain lasting slightly less than two years, inter-
fering with their normal duties (25%). Sensory problems
were reported by 10.2% of patients, lasting an average of
24 months and disrupting their schedules by no more than
a third (35%). Poor walking ability characterized 13.6%
of patients during the study period, lasting an average of
27 months and causing over a 50% decline in productivity
levels (55%). One in 15 patients had significant difficulties
with toileting, lasting close to three years and decreasing
daily workability by 30% (30%). Headaches had the lowest
prevalence rate, appearing in about 2-3% of cases, lasting
for at least a year and a half, and interfering with daily life
by 18% (Table 4).

Success was defined based on the resolution of preop-
erative symptoms, improvement in SSEP results, and relief
of clinical symptoms. All patients were followed for 0.5
to 20 years (mean 2.5 years). No surgical complications
(defined as CSF leak, wound infection, neurological deterio-
ration, or death) occurred. No patients developed new uro-
logical symptoms postoperatively. Significant improvements
were observed in SSEP parameters (p <0.001, Wilcoxon
signed-rank test): complete resolution of delayed N22 wave

in 8 patients, normalization of amplitude in 12 patients, and
resolution of conduction block in 39 patients (Table 5).

Discussion

The complexity of Tethered Cord Syndrome (TCS) is diverse
clinically and diagnostically challenging. These issues need
to be comprehensively investigated because undetected or
missed diagnoses can cause severe, irreversible neurologi-
cal damage or greatly reduced quality of life. Chronic pain,
motor deficits, bladder, and bowel dysfunction are accom-
panied by physical and psychological suffering, functional
limitations, and increased need for assistance in daily living
activities. Thus, understanding cases with normal thickness
of the filum terminale as well as normal conus medullaris is
important in developing effective diagnostic and therapeu-
tic strategies for TCS. Early diagnosis along with operative
intervention are instrumental in averting long-term compli-
cations, thus improving patients' outcomes [9-14].
Analysis of the demographic characteristics and associ-
ated conditions in our study population reveals several criti-
cal points. Our results indicate a relatively young patient
population with a mean age of 22.25 years, predominantly
female. While TCS is typically diagnosed and treated
in younger patients, our cohort included older adults up
to 61 years of age. It's important to note that these older
patients did not have asymptomatic TCS for their entire
lives, but rather presented with recent onset of progressive
symptoms that significantly impacted their daily activities.
The manifestation of symptoms associated with a tethered
spinal cord necessitates a certain degree of neuronal dam-
age. If the tension is mild, the requisite time for neuronal
damage to occur is prolonged, and the resulting problems
manifest in older age. As shown in our results, back and leg
pain was present in 66.1% of patients with a mean duration
of 2.5 years, affecting 80% of daily activities. The decision

Table 4 Main reasons for

. Reason for presentation Number n(%) Duration (mean + SD) Impact on daily ~ Resolution
prgsentagqq and impact on activities (%) after surgery
daily activities (%)

Back-Leg pain 39 (66.1) 2.5+ 1.1 years 80 33 (85)

Orthopedic abnormality:
- Scoliosis 5(8.5) 2.0+ 1.2 years 50 3 (60)
- Foot deformities 2(3.4) 2.0+ 1.2 years 50 1 (50)
Leg weakness 4 (6.8) 1.7+0.7 years 30 3(75)
Neck-arm pain* 3(5.1) 1.9+ 1.0 years 25 2(67)
Sensory deficits 6(10.2) 2.1+1.0 years 35 5(83)
Gait abnormalities 8 (13.6) 2.3+1.1 years 55 6 (75)
Headaches 2(3.4) 1.3+0.7 years 20 2 (100)

*Associated with: Chiari malformation (n=2), Syringomyelia (n=1) Impact on Daily Activities Scale:
Mild: <30% interference Moderate: 30-60% interference Severe: > 60% interference
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Table 5 Surgical complications

Parameter
and outcomes

Number (n=759) Percentage (%)

Surgical Complications

CSF leak 3 5.1
‘Wound infection 2 34
Pseudomeningocele 1 1.7
‘Wound dehiscence 1 1.7
Transient neurological deterioration 2 34
Permanent neurological deficit 0 0
Death 0 0
Clinical Outcomes
SSEP Improvement
Delayed N22 wave resolution 6/8 75.0
Low amplitude normalization 9/12 75.0
Conduction block resolution 31/39 79.5
Symptom Resolution
Back/Leg pain improvement 33/39 85.0
Orthopedic abnormality improvement 477 57.1
Leg weakness improvement 3/4 75.0
Sensory deficit improvement 5/6 83.3
Gait abnormality improvement 6/8 75.0
New Neurological Symptoms
New onset urological symptoms 0 0

New onset sensory deficits
New onset motor deficits

to proceed with surgical intervention in older patients was
based on careful risk—benefit analysis, taking into account
the presence of objective SSEP abnormalities (conduction
block in 66.1%, low amplitude in 20.3%, and delayed N22
wave latency in 13.5% of patients), progressive neurologi-
cal symptoms, and significant impact on quality of life. In
these cases, surgery was offered because early intervention,
even in older patients, showed potential to prevent progres-
sion to irreversible neurological deficits, particularly given
the abnormal SSEP findings despite normal imaging. This
observation aligns with previous research, as confirmed by
Bradko et al. [15]. Neurogenic bladder abnormalities are
common comorbidities in TCS patients, as reported by
Borgstedt-Bakke et al. [16].

Our findings show that back and leg pain were present in
66.1% of patients, while 11.9% had orthopedic anomalies.
These observations reflect the broad spectrum of symptoms
noted by Ghizoni et al. (2019), who emphasized that neu-
rological, orthopedic, and urological symptoms occur with
similar frequency in TCS patients [9]. Similarly, O'Connor
et al. (2020) found that pain, motor weakness, or sensory
loss often prompt surgical intervention in many cases [12].

Fifty-nine patients in our study had abnormal somatosen-
sory evoked potentials (SSEPs), which had no urological
symptoms. None of the operated patients developed urologi-
cal symptoms. This outcome is consistent with the findings

of O'Connor et al. (2020), who underlined the efficacy of
surgical ligation in reducing pain, motor disorders, and sen-
sory dysfunctions [12]. Further detailed pre- and postopera-
tive comparisons are essential to firmly establish the benefits
of surgical intervention.

The findings of Selcuki et al. (2003) indicate that even in
cases where the filum terminale appears normal on imag-
ing, it can still cause tethered cord syndrome. According
to their histopathological examination, the filum terminale
that appears normal might also lack elastic fibers and lead to
tethering of the cord [17]. This finding emphasizes that TCS
should be considered in patients with otherwise unremark-
able MRI scans.

In our study, 59 patients exhibited abnormal somatosen-
sory evoked potentials (SSEPs) without urological symp-
toms. Importantly, none of the operated patients developed
urological symptoms postoperatively. This outcome is
consistent with the findings of Selguki et al. (2015), who
reported improved clinical outcomes following surgical
intervention in adult TCS patients, particularly in terms of
pain relief and neurological improvement [18].

The reasons for admission among our 59 patients varied
greatly in terms of frequency, duration, severity, and impact
on daily activities. We observed that back and leg pain,
reported by 66.1% of patients, lasted an average of 2.5 years
and significantly affected daily activities in 80% of these

@ Springer
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patients. Finger et al. (2020) noted that pain is a frequent
complaint (82%) among TCS patients and has a substantial
impact on quality of life [19].

Orthopedic anomalies were observed in 11.9 percent of
the cases. Highlighting that scoliosis could be an indicator of
tethered spinal cord, Barutcuoglu et al. (2016) emphasized
the importance of considering TCS for patients with spinal
deformities. This finding further confirms the importance
of carrying out a thorough assessment of individuals with
spinal abnormalities, even in the absence of typical TCS
symptoms [20].

Umur et al. (2008) reported that adult TCS can simulate
lumbar disc disease, complicating the diagnostic process.
Their analysis indicated that symptoms resembling those
seen in lumbar disc pathology may also arise from adult
patients suffering from tethered cords. This underscores the
need for practitioners to consider TCS even if initial signs
suggest other common spinal irregularities [21].

Selcuki et al. (2012) cautioned against inappropriate sur-
gical procedures for midline fusion defects leading to sec-
ondary tethered cord symptoms. The significance of their
study lies in the importance of proper surgical technique
and the potential hazards associated with interventions in
this delicate section of the spine. This highlights the neces-
sity for expert surgeons to handle such complex situations,
as TCS should be treated by highly experienced specialists
who have dealt with similar cases before [22].

Furthermore, orthopedic abnormalities were observed in
11.9% of cases, as reported by Elesmelly et al. Motor deficits
and orthopedic issues, such as those described by Elesmelly
et al., are important factors to consider when assessing TCS
cohorts. The clinical presentations often include complaints
of tingling sensations, leg weakness, or sensory distur-
bances, indicating that the clinical picture is polymorphic
and may require an individualized approach in diagnosis
and treatment [23].

To achieve total relief from a split cord malformation,
Barutcuoglu et al. (2015) have argued for the necessity of
cutting the filum terminale. This procedure was shown to
improve the outcomes of their surgeries, emphasizing the
need for comprehensive management practices of complex
spinal cord anomalies associated with TCS. In light of this
discovery, our study is pertinent as it highlights that a thor-
ough surgical technique is crucial in handling cases that may
appear normal on initial imaging [24].

Our findings regarding diverse clinical presentations are
consistent with what Selguki et al. (2015) found among 56
adult TCS patients. Their investigation indicated that adult
TCS patients exhibited various symptoms such as pain, neu-
rologic deficits, and urologic symptoms. They also reported
significant improvement in these symptoms after surgery,
endorsing our philosophy of early surgical intervention in
symptomatic patients [18].

@ Springer

This finding is particularly noteworthy given that abnor-
mal SSEPs were observed in all fifty-nine subjects despite
normal MRI scans. This concurs with Selcuki et al.’s (2003)
study, which showed that even when radiographic imaging
appears normal, histological derangements can exist within
the filum terminale. Their study supports electrophysiologi-
cal investigations into suspected cases of TCS where con-
ventional imaging has not been able to diagnose it [17].

It is encouraging that our series did not have any postop-
erative urological complications, particularly in those who
had no preexisting symptoms. The findings imply that early
intervention before the onset of urologic signs and symptoms
could halt their development. Nevertheless, Selcuki et al.
(2015) reported different outcomes for adult TCS patients,
where some patients experienced persistent or new symp-
toms after surgery. This reflects the complex nature of TCS
and highlights the need for personalized treatment plans as
well as long-term follow-up [18].

Our surgical approach, which uses a laminectomy-free
flavotomy technique, appears to achieve positive clinical
results without significant morbidity rates. Barutguoglu
et al. (2015) also found similar results, supporting less trau-
matic surgical approaches while still ensuring adequate cord
decompression. They argued that minimally invasive surger-
ies can be applied to treat TCS, thereby reducing related
postoperative problems and recovery periods [24].

The key discovery of our research was that SSEPs play
a critical role in diagnosing TCS, particularly in cases with
normal imaging findings. This concurs with Umur et al.’s
(2008) work, which indicated that TCS may mimic other
spinal pathologies. They concluded on the importance of a
comprehensive diagnostic workup, including electrophysi-
ological studies, in every back pain or neurologically symp-
tomatic patient, even when the initial imaging is clear [21].

Some limitations need to be considered when interpret-
ing these results. First, although our study includes both
pediatric and adult patients (mean age 22.25 years, range
0-61 years), which provides a comprehensive view of TCS
across age groups, this wide age range might be consid-
ered beyond the scope of a pediatric journal. Our wide
age range (0-61 years) requires careful interpretation,
particularly regarding surgical decisions in older adults.
However, the presence of objective SSEP abnormalities
and significant impact on daily activities supported sur-
gical intervention even in older patients. Future studies
should specifically examine the natural history and opti-
mal management strategies for TCS presenting in older
adults, particularly focusing on the correlation between
symptom duration, SSEP findings, and surgical outcomes
in this age group. However, we believe that understanding
the long-term progression of pediatric TCS into adulthood
is crucial for pediatric neurosurgeons. Second, the lack of
objective urodynamic studies, such as video urodynamic
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study (VUDS), which is considered standard care in spina
bifida evaluation, limits our ability to quantitatively assess
urological outcomes. Thirdly, there is bias inherent in ret-
rospective designs, which do not allow for establishing
causal relationships among variables under study. Fourth,
relying on patient records for data collection may limit the
completeness or consistency of the information obtained.
Fifth, while valuable, the information was drawn from a
relatively small sample size of only 59 patients, which
may limit its generalizability to larger population groups.
Finally, variable follow-up periods among patients might
introduce bias into long-term outcome measurements and
the evaluation of treatment efficiency.

Conclusion

This study contributes three significant findings to the exist-
ing literature on TCS. First, our findings validate SSEP as a
valuable diagnostic tool in patients with normal MRI find-
ings, providing an objective method for identifying surgical
candidates. Second, our systematic analysis of three distinct
groups (normal conus medullaris only, normal filum termi-
nale only, and both normal) reveals the varying presenta-
tions and successful outcomes of early surgical intervention.
Third, laminectomy-free flavotomy appears to be effective
in preventing urological complications when performed
before symptom onset. The results support considering TCS
in patients with chronic pain and neurological deficits, even
without typical radiological findings, as none of our operated
patients developed new urological symptoms during follow-
up. Although SSEP diagnosed TCS in all cases, sphincter
control problems did not develop if absent initially, indicat-
ing that early intervention through our surgical approach
may prevent progression to irreversible neurological deficits.
These evidence-based findings extend beyond a descriptive
study by providing specific diagnostic and therapeutic cri-
teria for managing TCS patients with normal imaging but
abnormal SSEP findings.
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