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Tethered cord syndrome (TCS) is a condition that 
can be caused by a diseased filum terminale (FT), 
leading to stretch injury to the lower spinal cord, 

particularly the conus medullaris.1 Typically, lumbar MRI 
shows a low-lying conus medullaris or a diseased, thick-
ened, and/or fatty FT. MRI often reveals additional pa-
thologies like congenital or acquired lumbosacral abnor-
malities.2 Clinically, TCS presents with a triad of symptom 
categories, which consist of back and leg pain, neurologi-
cal leg symptoms, and bowel and bladder symptoms. Neu-
rocutaneous signs and orthopedic findings like scoliosis 
are also common. Detethering, accomplished through sec-
tioning or excision of the FT, has been shown to improve 
the symptomatology (reviewed by O’Connor et al.3).

Interestingly, the symptomatology of TCS has also 

been observed in cases with negative MRI findings.4 This 
pathology has been termed occult tethered cord syndrome 
(OTCS) (reviewed by Rezaee and Keykhosravi).5 More re-
cently, we found that OTCS is associated with congenital 
or acquired ultrastructural collagen damage of the FT. Ap-
plying biomechanical testing of FT specimens, we have 
shown that this pathology can cause stretch injury to the 
conus and lower spinal cord even in cases with a radiologi-
cally normal FT.6 In that study we also analyzed the clini-
cal outcomes following FT resection in OTCS. We found 
a significant improvement in preoperative symptoms with 
outcomes assessed up to 12 months.6 However, that study 
was based on clinician-reported observations that were 
eventually found to be prone to investigator bias.

Research in spine surgery has emphasized the signifi-
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cance of patient self-reported symptoms for outcome stud-
ies (reviewed by Beighley et al.7). Accordingly, the present 
study analyzes the outcome of FT resection in OTCS by 
evaluating patient self-reported symptoms in addition to 
neurological signs found on clinical examination. We used 
a comprehensive questionnaire to gather such data before 
surgery and at 3- and 12-month follow-up appointments. 
We used questionnaire data to construct a 15-item scale 
that includes the 5 most prevalent symptoms or examina-
tion findings of each of the three TCS symptom catego-
ries. We analyzed this scale for tracking the progress of 
patients with OTCS after FT resection. Additionally, we 
explored the scale’s potential in predicting outcomes based 
on preoperative symptoms and examination findings.

Methods
Applying the strict inclusion and exclusion criteria 

described below, this prospective single-center study en-
rolled 149 consecutive adult and pediatric patients with 
OTCS who completed a 3- and 12-month follow-up after 
FT excision between 2017 and 2021.

Inclusion and Exclusion Criteria
Patients were considered for surgery when presenting 

with symptoms from all three components of the classic 
TCS symptom triad.3 Although the presence of neurocu-
taneous signs of spina bifida occulta and/or scoliosis were 
supportive, they were not mandatory diagnostic elements.

Specific criteria applied to confirm surgical eligibility 
were as follows:
•	 Clinical symptoms demonstrated progression and re-

sistance to conservative treatment for a minimum of 6 
months.

•	 In accordance with the study protocol, the urologist 
was asked to exclude nonneurogenic bladder dysfunc-
tion, and had the discretion to select appropriate uro-
logical diagnostic procedures. Urodynamic studies 
were not obligatory for confirming neurogenic bladder 
dysfunction due to their low sensitivity and specificity 
in OTCS.8

•	 MRI of the entire neuraxis was conducted by study-
independent radiologists to exclude any alternative 
pathology explaining the symptoms. Particularly, pa-
tients with radiological presence of low-lying conus 
medullaris (at or below the L2/3 level), radiologically 
altered FT, spinal dysraphism, or intraspinal masses 
were excluded. In addition, based on the MRI findings 
and a clinical examination by the senior study surgeon 
(P.M.K.), patients with a degenerative spine abnormal-
ity significant enough to contribute to the symptomatol-
ogy were excluded.

Surgical Technique
Our surgical technique for FT resection has been sepa-

rately published, including a video showing the surgical 
details.9 In brief, surgery was performed through a lumbar 
interspinous approach one vertebral level below the radio-
graphic termination of the conus medullaris. Following 
durotomy under microscopic magnification, the FT was 

isolated with intraoperative electrophysiological monitor-
ing. Then the FT was cauterized and transected. Given 
that the FT is vascularized by just one artery originating 
at the conus level,10 following cauterization the distal por-
tion of the FT is effectively devascularized. Consecutive 
FT degeneration bears the risk of scar formation leading 
to future retethering. To address this risk, gentle stretch 
forces were applied to the distal severed FT until a snap 
was felt indicating its rupture. Then it could be completely 
pulled out. The technical feasibility of this extraction is 
based on biomechanical studies revealing the FT’s plas-
tic properties in response to gentle but unphysiological 
stretch forces until it breaks at its thinnest portion,6,11,12 
which is the sacral dura insertion site. Notably, we ob-
served no instances of intra- or postoperative hemorrhage. 
All FT specimens underwent routine pathological exami-
nation.

The dura mater was closed primarily and sealed with 
fibrin sealant including an autologous fat graft (Tisseel, 
Baxter) and a Duraform patch (Natus Medical, Inc.). Pa-
tients underwent a complete postoperative bed rest period 
of 24 hours.

Questionnaire
A comprehensive questionnaire collected patient self-

reported symptoms in addition to neurological examina-
tion findings before surgery and at 3- and 12-month fol-
low-up visits. Pediatric patients who were able to engage 
with survey questions participated with parental assis-
tance if needed. Patients older than 18 years at the time of 
index surgery strictly self-completed the patient-reported 
symptom questionnaires.

The questionnaire covered previously reported TCS 
symptoms and findings,3,5,13 and included those reported 
in our previous TCS/OTCS study.6 We also recorded the 
general medical history including orthopedic and con-
nective tissue comorbidity. Table 1 shows OTCS-specific 
questions and answers offered by the patient as well as the 
requested clinician examination findings. Of note, ques-
tionnaire data were just collected but not analyzed prior 
to the termination of the data collection period, which was 
12 months after the inclusion of the last study patient.

We used the questionnaire data to construct a 15-item 
scale that represents the five most prevalent symptoms 
and signs in the neurological, bowel and bladder, and pain 
categories (Table 2). The 15-item scale scores each pres-
ent symptom with a single point, resulting in a total score 
range of 0 to 15. To streamline the questionnaire data, we 
allocated only 1 point for each symptom and finding re-
gardless of whether they occurred on the left or right side 
or were bilaterally. A point was given for foot clonus with 
a level greater than 2/5. Bowel symptoms, which encom-
passed incontinence and/or obstipation, scored as a single 
point. We excluded segmental or radicular sensorimotor 
findings from the scale due to their rare occurrence. Ad-
ditionally, we omitted observations that would remain un-
changed after surgery, such as neurocutaneous signs, con-
nective tissue disorders, and scoliosis. Applying a variety 
of statistical methods, we analyzed the applicability of the 
scale for assessment and prediction of outcome following 
FT excision for OTCS.
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Statistics
Statistical analysis of the clinical data was performed 

using R software (version 4.0.3, www.r-project.org). Vari-
ous statistical techniques were applied, including explor-
atory and confirmatory factor analysis, Cronbach’s alpha 
test, Friedman rank testing with post hoc Wilcoxon test, 
generalized multivariate linear modeling, logistic regres-
sion, and receiver operating characteristic (ROC) curve 
analysis. Detailed explanations and references for these 
procedures can be found in the Results section.

Ethical Approval
The patient’s or legal guardian’s informed consent was 

obtained and documented. The project was approved by 
the local institutional review board.

Results
Patient Population

The study included 149 patients with a median age of 
24.1 years (IQR 25.1). Twenty-three patients (15%) were 
male, 123 (83%) were female, and 3 (2%) identified as non-

binary. A total of 31 (21%) were less than 18 years old, 
with 7 of those being younger than 6 years.

Of the participants, 87 (58%) had a previous diagno-
sis of comorbid Ehlers-Danlos syndrome (EDS), and 59 
(40%) presented with scoliosis. Additionally, we observed 
a sacral dimple in 49 (33%) patients, local skin discolor-
ation in 7 (5%), a hairy spot in 10 (7%), and an asymmetri-
cal gluteal fold in 13 (9%).

Preoperative Symptoms and Findings
Among the patients, 29% reported experiencing the 

symptom triad of TCS within the past 6–12 months, 33% 
within 1–5 years, 7% within 5–10 years, and 17% for more 
than 10 years. Additionally, 14% acknowledged experi-
encing the triad for at least 6 months but were unable to 
specify a more definite duration due to the insidious onset 
of symptoms.

Only a small number of patients displayed clear radicu-
lar or segmental sensorimotor deficits. Figure 1 illustrates 
the motor strength findings. Table 2 presents the most 
prevalent patient self-reported symptoms and neurological 
examination findings. Notably, neurological findings are 

TABLE 1. Questionnaire for preoperative (baseline) and follow-up symptoms examinations

Category & Questions Offered Answers

Bowel & bladder
  Bladder Sxs: leaking, urgency,  
  frequency, hesitation, retention

Y/N, duration (none, <1 yr, 1–3 yrs, 3–5 yrs, 5–10 yrs, >10 yrs)

  Urinary infection None, ≤3 times/yr, >3 times/yr
  Pain during urination Y/N
  Obstipation Y/N
  Bowel incontinence Y/N
Pain
  Leg Pain: Y/N, duration (<1 yr, 1–3 yrs, 3–5 yrs, 5–10 yrs, >10 yrs) 

Distribution (variable, lt, rt, both sides) 
Quality (can not describe, burning, aching, spastic, stabbing) 
Occurrence (day, night, both, constant, daily, sometimes, occasionally, rarely)

Cramps: Y/N, occurrence (as above) 
Sensory signs: Y/N, duration (in yrs, as above)

  Back Y/N, duration, distribution, quality, occurrence, cramps Y/N, sensory signs
  Sacral Y/N
Neurology
  Fatigue leg Y/N, lt/rt, increase w/ activity Y/N
  Paresthesia leg Y/N, lt/rt, increase w/ activity Y/N
  Motor examination (C5–T1 & L2–S1)* Motor score (5/5) for each myotome lt & rt
  Hyperreflexia* Y/N, UE, LE, rt, lt
  Foot clonus* Y/N, >2 on the 5/5 scale (0 = none, 2 = normal), rt, lt
  Increased muscle tone* Y/N, UE, LE, rt, lt
Other findings
  Scoliosis* Y/N
  Kyphosis* Y/N
  Neurocutaneous signs* Dimple, discoloration, asymmetrical gluteal fold, hairy patch

LE = lower extremity; Sxs = symptoms; UE = upper extremity; Y/N = yes/no.
Boldface type indicates items that were used for the construction of the 15-item symptom scale shown in Table 2.
* Clinical findings; all other items were patient reported. 
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characterized by the presence of foot clonus, heightened 
lower-extremity hyperreflexia, and increased leg tone, all 
symptoms indicative of upper motoneuron dysfunction.

Figure 2 presents histograms depicting the 15-item 
scale and its symptom categories (subscales). Most patients 
(n = 130, 87.2%) exhibited TCS symptoms across all 3 cat-
egories, followed by 17 patients (11.4%) with symptoms in 
2 categories, and only 2 patients (1.3%) with symptoms in 

a single category. This indicates that the scale, based on 
only 15 symptoms and findings, has a limited diagnostic 
sensitivity. However, it accurately validated the preopera-
tive clinical diagnosis of a symptom triad with an 87.2% 
confirmation rate.

Follow-Up and Prediction of Outcome
Postoperative complications necessitating surgical re-

vision included CSF leak (n = 3), cauda equina tethering 
diagnosed on MRI (n = 8 within 12 months postsurgery), 
and local wound revision (n = 5). No occurrences of acute 
cauda syndrome or new radicular or segmental sensori-
motor findings were observed postoperatively.

We used the 15-item scale to assess follow-up out-
comes after FT resection. Applying the Friedman test with 
paired post hoc Wilcoxon test, all differences comparing 
the follow-up results with the preoperative scores indi-
cated statistically significant improvement with p < 0.001, 
except the 12-month outcome of both bowel and bladder 
symptoms (p < 0.0026) and pain (p < 0.084) (Fig. 3).

We assessed clinical improvement by calculating the 
difference between preoperative and 12-month follow-
up scores on the 15-item scale. Using multivariate gen-
eralized linear modeling, we found that the preoperative 
scores of the three subscales served as predictors for the 
improvement parameter. Notably, when examining the 
preoperative presence of individual items of the scale, 
only pain fluctuation exhibited predictive power. Interest-
ingly, comorbidities (EDS, scoliosis, and neurocutaneous 
signs) did not significantly predict the improvement pa-
rameter (Table 3).

To further evaluate the predictive potential of the scale 
in individual patients, we divided the cases into two groups. 
Responders (n = 102, 68%) were those who exhibited an 
improvement of at least 1 point between their preoperative 

FIG. 1. Motor strength was assessed using the Medical Research Council (MRC) scale, which revealed a grade of 4/5 or 5/5 in 
most cases. Only 9 patients in total had a grade of 3/5 (n = 8) or 2/5 (n = 1). Among these 9 cases, 4 had a remote medical history 
that explained the paresis. The other 5 patients experienced severe pain, and examination results were inconsistent.

TABLE 2. Prevalence of symptoms on the 15 item-scale

Category or Sx No. of Patients (%)

Neurological scale
  Increased muscle tone legs* 42 (28)
  Hyperreflexia legs* 98 (66)
  Foot clonus* 83 (56)
  Fatigue legs 127 (85)
  Paresthesia legs 84 (56)
Pain scale
  Leg 132 (89)
  Sacral 62 (42)
  Low-back 119 (80)
  Cramps in leg & back 84 (56)
  Fluctuating pain Sxs 42 (28)
Bowel & bladder scale
  Urinary leakage 85 (57)
  Urinary urgency 87 (58)
  Urinary frequency 78 (52)
  Urinary hesitation 72 (48)
  Bowel Sxs 92 (62)

* Objective clinical findings.
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assessment and the 12-month follow-up. All other cases 
were categorized as nonresponders (n = 47, 32%). When 
we applied logistic regression analysis, we observed that 
among patients with a preoperative score greater than 6, 
the likelihood of improvement at the 12-month follow-up 
exceeded 60%. When the preoperative score exceeded 8, 
this likelihood increased to more than 80%, and for those 
with a score higher than 10, it reached beyond 90%. Fur-
thermore, the ROC curve14 showed that the scale accurate-
ly distinguishes surgical responders from nonresponders 
in 82% of cases. This suggests that the scale is a useful 
tool for predicting surgical outcomes (Fig. 4).

Statistical Validation of the 15-Item Scale
Because we used questionnaire data, we applied psy-

chometric statistical procedures to assess the validity and 
reliability of the scale.15 Cronbach’s alpha coefficient mea-
sures the internal consistency, or reliability, of a set of sur-
vey items.16 Testing the set of the three categories of our 
15-item scale, Cronbach’s alpha was 0.507 at the preopera-
tive baseline, 0.72 at the 3-month follow-up, and 0.552 at 
the 12-month follow-up. A test result spanning from 0.5 to 
0.8 indicates moderate, but still acceptable reliability.

Confirmatory factor analysis17 was used to test validity 
and revealed a root mean square error of approximation of 
0.053, which indicates a moderate model fit and suggests 

that the total scores of each of the 3 categories effectively 
represent the entire 15-item scale. Although lacking sta-
tistical significance, exploratory factor analysis revealed a 
3-factor model that exhibited the best fit, resulting in the 
following categories: 1) pain (leg and back); 2) conus dys-
function; and 3) spasticity (leg and bladder combined).

Discussion
Patient-reported outcome measures (PROMs) have 

been recognized as a valuable instrument for outcome 
studies in spine surgery.7 Our study is the first demonstrat-
ing the potential of PROMs for outcome assessment fol-
lowing FT resection in OTCS.

Upper Motoneuron Dysfunction in OTCS
We found that radiologically occult TCS presents up-

per, but not lower motoneuron dysfunction given that the 
clinical examination revealed leg spasticity (leg hyper-
reflexia, increased muscle tone, and foot clonus) without 
segmental or radicular sensorimotor deficits.18 Besides 
those objective clinical findings, patient self-reported leg 
muscle fatigue has been also recognized as a symptom of 
upper motoneuron diseases.19 Leg fatigue is described by 
the patients as severe muscle weakness related to exertion 
of limb muscles and the inability to sustain motor function 

FIG. 2. Histograms of the baseline scores for each symptom category and the total 15-item scale.
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and motor strength. Leg fatigue was prevalent in 82% of 
our cases. Clinically, muscle fatigue is a disabling symp-
tom, and many patients need walking aids or even a wheel-
chair after short walking distances.

What Could Cause Isolated Upper Motoneuron 
Dysfunction in OTCS?

Our previous experimental and clinical work has shown 
that a diseased but normal-length FT may expose the co-

TABLE 3. Generalized linear modeling of improvement

Estimate SE t Value Pr(>|t|) Significance

(Intercept) −2.6651 0.7861 −3.39 0.000904 ***
Neurological subscale 0.8495 0.2134 3.98 0.000109 ***
Bowel & bladder subscale 0.3677 0.1661 2.213 0.028493 *
Pain subscale 0.6216 0.2381 2.61 0.010014 *
EDS −0.6049 0.5421 −1.116 0.266362 NS
Scoliosis −0.2564 0.5495 −0.467 0.641493 NS
Neurocutaneous signs 0.4442 0.504 0.881 0.379601 NS

NS = not significant. 
Dependent variable: improvement calculated as the difference between preoperative and 12-month postoperative 
scores on the 15-item scale. Independent variables: the 3 subscales, EDS, scoliosis, and neurocutaneous signs.
* p < 0.05; *** p < 0.001.

FIG. 3. Preoperative and postoperative scores of the 15-item scale and its subscales. The box plot shows the median, IQR, and 
the 95th percentiles of the scores at the preoperative baseline and at 3-month and 12-month follow-ups. The improvement fol-
lowing FT excision was most remarkable at the 3-month follow-up, but the 12-month follow-up revealed long-term improvement 
too. The 12-month pain score was the only one that was not significantly improved. Statistics results are shown in the text. FU = 
follow-up; m = month.
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nus to pathological stretch forces.6 Such a diseased FT has 
impaired biomechanical elastic properties, which may be 
caused by acquired tendinopathy and/or congenital struc-
tural collagen fibril weakness in connective tissue disorder 
such as EDSs.6,20 Other groups have experimentally shown 
in cats1 and human cadaver studies12 that axial stretch forc-
es applied to the FT extend through the entire lower spinal 
cord. Because the FT is the only axial ligament connecting 
the spinal cord with the skeleton, transmitted stretch forces 
should specifically affect axial spinal cord structures, in-
cluding the conus and corticospinal tracts. Interestingly, it 
was shown in motoneuron cell cultures that even very mild 
forces can cause axonal stretch injury when applied repeat-
edly.21 It should also be recognized that pathological FT 
stretch forces can contribute to lumbosacral pain, because 
stretch-sensitive nociceptive structures are integrated into 
the collagen fibrous structures of the FT.22 Furthermore, 
it is recognized that muscle spasticity is correlated with 
significant pain sensation.23

Ultimately, our study supports previous suggestions1,6,24 

that stretch injury contributes to the clinical presentation 
of both TCS and OTCS. This notion is strongly supported 
by our observation that FT resection improved the OTCS 
symptomatology.

Follow-Up Assessment
PROMs have been extensively used for the assessment 

of outcome in spine surgery, but not yet in TCS or OTCS. 
A recent review recognized “a limited, though effec-
tive use”; accordingly, an increased use in spine surgery 
is advocated.7 The 15-item scale may be considered as a 
PROM, and it revealed significant improvements at 3- and 
12-month follow-ups after surgery. All three symptom cat-
egories improved significantly at the 3-month follow-up, 
but at 12 months, the pain scale did not show the same lev-
el of improvement as bowel and bladder and neurological 
subscales. Overall, the novel scale revealed improvement 
rates that are on par with those reported in degenerative 
spine surgery.25,26

The absence of sustained pain improvement at the 

FIG. 4. The 12-month outcome prediction. A: Histogram of the improvement score calculated as the difference between baseline 
and 12-month 15-item score. Patients with at least a 1-point improvement were categorized as responders. B: The histogram 
shows responders and nonresponders at the 12-month follow-up in relation to the preoperative baseline score. Improvement was 
found in 68% of the patients. C: Logistic regression indicates that the probability for improvement is 60% for cases with a preopera-
tive score of more than 6; 80% for those with a score of more than 8; and 90% for those with a score of more than 10 points. The 
shaded area indicates the 95% confidence interval. D: The ROC curve analysis14 illustrates the high specificity and sensitivity of the 
15-item symptom scale indicating that the scale accurately predicts the outcome in 82% of the cases. AUC = area under the curve.
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12-month follow-up appears to contradict the findings 
from our prior TCS/OTCS study, which had similar se-
lection criteria for surgery. It is important to note that in 
the previous study, patient-reported symptoms were not 
recorded without clinical assessment.6 The discrepancy 
between the studies can be attributed to several factors. 
First, there is the potential for bias in the interpretation 
of patient symptoms by clinicians, leading to inconsistent 
reporting. Second, various unrecorded variables may have 
influenced patients’ self-reported pain perceptions in the 
present study. These could include changes in medication, 
increased physical activity, placebo effects, and factors 
like chronic pain–related anxiety and depression. Fur-
thermore, it is worth noting that our questionnaire only 
inquired about the presence of pain but did not assess its 
intensity. As a result, our scale may underestimate the ac-
tual extent of pain improvement.

Although our data suggest positive 1-year improvement 
trends, we acknowledge the possibility of these trends di-
minishing over an extended period.

Prediction of Outcome
Preoperative patient-reported data can be used to de-

velop regression-based statistical models to identify pa-
tients who are likely to achieve a clinically important 
improvement of symptoms following spine surgery.25 In 
our study population, multivariate linear modeling of the 
15-item scale confirmed the predictive capabilities of its 
three symptom categories. Logistic regression analysis re-
vealed that outcome in individual cases can be predicted: 
the higher the individual preoperative score, the higher 
the probability that the patient responds to surgery. ROC 
curve analysis demonstrated that this discrimination is 
highly specific and sensitive. Predicting outcomes of indi-
vidual cases was accurate in 82% of cases.

It is important that the multivariate analysis demon-
strated that the 3 symptom categories, rather than individ-
ual symptoms, serve as predictors of the surgical outcome. 
This finding could explain why the only randomized con-
trolled OTCS trial failed to demonstrate the benefits of FT 
resection, because it included patients with urinary symp-
toms only.8

We conclude therefore that surgery is most favorable in 
patients who present all three symptom categories. That 
such symptom categories but not individual symptoms 
predict the outcome following OTCS surgery has been 
suggested previously by a retrospective analysis of 22 pe-
diatric patients.27 Also, it has been observed in acute conus 
medullaris syndrome28 that only the combination of cauda 
dysfunction along with neurological and pain symptoms is 
highly specific and sensitive for diagnosing.

Limitations
Applying statistical methods like factor analysis and 

Cronbach’s test, we recognize that the novel scale needs 
refinements to optimize its validity and reliability. Such 
refinements may include scaled pain assessments and 
quality of life measures. Eventually, this will require fu-
ture studies because of the complexity of the process for 
the validation of medical scales.15 Also, the novel scale 
needs external validation—that is, the application of the 

scale in a patient cohort not used for the generation of the 
scale.

It is important to note that our scale may not be suitable 
for young children due to its reliance on patient-reported 
data, making it more appropriate for adult patients. Also, 
its applicability for classic TCS cases needs further inves-
tigation.

Conclusions
By applying the study’s inclusion criteria and incorpo-

rating the novel 15-item symptom scale, we can effectively 
select patients with OTCS who are likely to benefit from 
FT resection. The observed outcomes in these selected pa-
tients are comparable to those achieved in patients who 
undergo spine surgery for degenerative disease. However, 
before widespread clinical application, it is imperative that 
future studies focus on refining and optimizing the current 
scale.

Given that objective clinical findings are limited to 
signs of leg spasticity, the assessment and prediction of 
outcomes of FT resection in OTCS heavily relies on pa-
tient self-reported symptoms. Notably, the observation of 
upper motoneuron dysfunction sheds light on a specific 
pathomechanism in OTCS; that is, FT-transmitted axonal 
stretch injury to the lumbar corticospinal tracts. As spine 
surgeons, we should acknowledge the existence of OTCS 
as a manageable disorder. Diagnosis should be contem-
plated in cases with normal findings on spine MRI but 
with a symptom triad, including urinary dysfunction, leg/
back pain, and lower-extremity neurological symptoms.
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