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Abstract
Purpose  Tethered cord syndrome (TCS) is characterized by abnormal attachment of the spinal cord neural elements to sur-
rounding tissues. The most common symptoms include pain, motor or sensory dysfunction, and urologic deficits. Although 
TCS is common in children, there is a significant heterogeneity in outcomes reporting. We systematically reviewed surgical 
indications and postoperative outcomes to assess the need for a grading/classification system.
Methods  PubMed and EMBASE searches identified pediatric TCS literature published between 1950 and 2023. Studies 
reporting surgical interventions, ≥ 6-month follow-up, and ≥ 5 patients were included.
Results  Fifty-five studies representing 3798 patients were included. The most commonly reported non-urologic symp-
toms were nonspecific lower-extremity motor disturbances (36.4% of studies), lower-extremity/back pain (32.7%), 
nonspecific lower-extremity sensory disturbances (29.1%), gait abnormalities (29.1%), and nonspecific bowel dys-
function/fecal incontinence (25.5%). Urologic symptoms were most commonly reported as nonspecific complaints 
(40.0%). After detethering surgery, retethering was the most widely reported non-urologic outcome (40.0%), followed 
by other nonspecific findings: motor deficits (32.7%), lower-extremity/back/perianal pain (18.2%), gait/ambulation 
function (18.2%), sensory deficits (12.7%), and bowel deficits/fecal incontinence (12.7%). Commonly reported uro-
logic outcomes included nonspecific bladder/urinary deficits (27.3%), bladder capacity (20.0%), bladder compliance 
(18.2%), urinary incontinence/enuresis/neurogenic bladder (18.2%), and nonspecific urodynamics/urodynamics score 
change (16.4%).
Conclusion  TCS surgical literature is highly variable regarding surgical indications and reporting of postsurgical outcomes. 
The lack of common data elements and consistent quantitative measures inhibits higher-level analysis. The development 
and validation of a standardized outcomes measurement tool—ideally encompassing both patient-reported outcome and 
objective measures—would significantly benefit future TCS research and surgical management.
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Introduction

Tethered cord syndrome (TCS) is a neurosurgical con-
dition characterized by an abnormal attachment of the 
spinal cord or neural structures to surrounding tis-
sues, restricting its natural movement within the spinal 
canal. The pathophysiologic mechanism is thought to be 
stretching of the distal spinal cord with continued growth 
of the spinal column through childhood, resulting in spi-
nal cord ischemia, diminished glucose use, a shift from 
oxidative to anaerobic metabolism, and metabolic failure 
[1–3]. TCS can be congenital or acquired and arises from 
various causes, including spinal cord injuries or post-
surgical complications, leading to tension and stress on 
the caudal spinal cord and nerve roots [4]. As the neural 
elements “tether,” patients often experience symptoms 
including localized back pain, lower-extremity weakness, 
and bladder/bowel dysfunctions [4]. Other signs include 
foot clubbing, toe walking, and scoliosis [5, 6]. Prompt 
diagnosis and treatment are critical to alleviating symp-
toms and preventing further neurological impairment 
[7]. Because TCS commonly arises in utero and is rarely 
asymptomatic, it is most often diagnosed in pediatric 
populations, with an incidence of 0.25 per 1000 births 
[8, 9]. Managing adult TCS can be more nuanced, but 
surgery is almost always indicated in children [8–10]. 
With an aim of restoring cord mobility, tethered cord 
release (TCR) surgery can improve patient symptoms 
and quality of life [7].

Significant effort has since been spent to understand 
the natural history of and develop surgical techniques to 
optimize treatment for this condition [11]. Although the 
urologic, motor, and sensory symptoms associated with 
TCS have been well described [12], a standardized format 
or validated classification system to characterize present-
ing symptom severity and, more importantly, a measure-
ment tool to track and compare postoperative outcomes 
are lacking. The absence of common data elements sig-
nificantly inhibits the feasibility of nuanced meta-analyses 
and large-scale studies to inform surgical management. 
As novel surgical treatments for TCS, including spinal 
column shortening [13], become more commonplace, 
the need for a common language to compare outcomes 
is necessary. 

To characterize the disparity of differences in surgical 
indications and postsurgical outcomes for TCR, includ-
ing column-shortening surgery, we performed a system-
atic review to identify which metrics are most commonly 
reported. We hypothesized that significant heterogeneity 
exists among surgical indications and outcomes reported for 
TCS and, ultimately, TCR. 

Methods

Information sources and search method

Studies were identified in August 2023 through a search 
of PubMed and EMBASE bibliographic databases for TCS 
detethering and column-shortening literature published from 
January 1950 through August 2023. The PubMed/Medline 
detethering searches comprised the MeSH primary term 
“tethered cord syndrome,” with secondary terms including 
“lipoma OR pediatric OR surgery OR child OR syndrome 
OR tethered cord OR untethering OR tethered spinal cord 
syndrome.” The EMBASE search included the terms “teth-
ered cord syndrome,” “pediatrics,” and “surgery.” Cross-
referencing was performed to ensure all potentially eligible 
studies were assessed. To capture any pediatric column-
shortening TCS release studies, an additional search was 
performed in PubMed including “tethered cord shortening” 
OR “column shortening” OR “cord release”) AND (“teth-
ered cord syndrome” OR “cord tethering”) AND (“surgery” 
OR “operative”) AND (“pediatrics” OR “children”). A simi-
lar EMBASE search included the terms “column shorten-
ing,” “pediatric,” “children,” and “tethered cord syndrome.” 

Inclusion/exclusion criteria and study type

Prospective and retrospective cohort studies and case series were 
reviewed. Reports with adult patients (> 18 years) or in which no 
patients underwent TCR or column shortening were removed. 
Additionally, review articles without new patient presentation, 
meta-analyses, systematic reviews, conference abstracts, and 
letters to the editor were excluded. Case reports and case series 
with < 5 patients were excluded to better identify common surgi-
cal indications and postoperative outcome variables and thereby 
improve the generalizability of this work. Studies lacking a 
6-month follow-up were also removed. PRISMA guidelines [14] 
were followed in assembling this review (Fig. 1).

Data collection

Relevant data were extracted by two independent reviewers 
(S.T. and S.A.T.). Any disagreements between reviewers 
were resolved by consensus and in consultation with M.F. 
If no consensus was reached, the disagreement was resolved 
by a pediatric neurosurgeon (V.M.R.). 

Variables assessed

Each study was manually reviewed for the following catego-
ries, which were defined a priori: TCS etiologies, surgical 
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indications, postoperative outcomes, and complications. 
The variables reported within each study were captured as 
encountered. Similar variables were coalesced into umbrella 
categories to increase readability (e.g., dermoid cyst and 
epidermoid cyst). When study variables were ill-defined, 
amorphous, or highly subjective, we reported these as 
“unspecified,” “general,” or “nonspecific.” Complications 
were captured as defined per the parameters of each study. 
Most notably, the characterization of secondary cord “retet-
hering” as a complication event was not universal.

Results

Literature search

The database searches found 2876 unique studies for screening. 
Study quality and relevance were assessed using the Rayyan 
systematic review software (Cambridge, Massachusetts) [15]. 
After preliminary review, 86 studies remained for full-text 
analysis (Fig. 1). An additional 33 reports were then excluded. 
Cross-referencing revealed two additional studies eligible for 

inclusion, yielding a final cohort of 55 studies representing 
3798 patients [10, 16–69]. In 54 studies, patients were managed 
with TCR (3778 patients), while the remaining study [68]. In 
54 studies, patients were managed with TCR (3778 patients), 
while the remaining study [68] used spinal column shortening 
for “refractory” tethered cord with previous TCR (20 patients).

Etiology of tethered cord

In total, we identified 38 anatomical defect categories (Table 1). 
The five most commonly reported were lipoma (reported by 
60.0% of studies), thickened/fatty/tight filum terminale (43.6%), 
myelomeningocele (30.9%), lipomyelomeningocele (25.5%), 
and dermoid/epidermoid cysts (23.6%). Seven additional ana-
tomical defect categories were reported in between 5 and 10 
studies; 27 were used in ≤ 5 (9.1%) of the studies; and 11 defect 
types were reported by just a single study.

Indications for surgery

Twenty-eight surgical indication categories were extracted 
from the 55 studies (Table  2), with a clear delineation 

Fig. 1   PRISMA inclusion/exclusion flowchart
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between non-urologic and urologic indications. Of the non-
urologic surgical indications, the five that were reported 
most often were nonspecific lower-extremity motor dis-
turbances (reported in 36.4% of studies), lower-extremity/
back pain (32.7%), nonspecific lower-extremity sensory 
disturbances (29.1%), gait abnormalities (29.1%), and non-
specific bowel dysfunction/fecal incontinence (25.5%). Uro-
logic symptoms were also commonly reported but rarely 
well defined; the most common category captured was 

nonspecific bladder dysfunction or nonspecific urodynamic 
abnormalities/scores (reported by 40.0% of studies). More 
specific metrics included urinary incontinence/nocturesis/
neurogenic bladder (23.6%), bladder capacity/volume defi-
ciencies (23.6%), detrusor malfunction/overactivity (18.2%), 
bladder compliance deficiencies (16.4%), and postvoid 
residual volume (10.9%). Additional urodynamic metrics 
or urologic symptoms were captured across some studies, 
although none of these variables were reported in more than 
10% of all studies.

Postsurgical outcomes

After TCR, two non-urological outcomes emerged as the 
most commonly reported: secondary cord formation or 
postoperative “retethering” upon follow-up (40.0% of 
studies) and nonspecific motor deficits (32.7%) (Table 3). 
Other commonly reported non-urologic outcomes included 
nonspecific lower-extremity/back/perianal pain (18.2%), 
nonspecific gait/ambulation function (18.2%), nonspecific 
sensory deficits (12.7%), and nonspecific bowel function/
fecal incontinence (12.7%). Among urologic outcomes, non-
specific bladder function/urinary symptoms were most often 
described (27.3%); bladder capacity (20.0%), bladder com-
pliance (18.2%), urinary incontinence/enuresis/neurogenic 
bladder (18.2%), nonspecific urodynamics/global urodynam-
ics score change (16.4%), and detrusor function (10.9%) 
were also commonly captured categories. We identified 11 
additional non-urologic and 8 additional urologic parameter 
categories reported among ≤ 10% of studies.

Complications

Seven studies (12.7%) reported managing wound infections 
postoperatively (Table 4). Some studies also reported cer-
ebrospinal fluid leaks (CSF) without (9.3%) and with (7.3%) 
surgical repair. Pseudomeningocele was described in 5.5% 
of reports; all other reported complication event types (11) 
were reported in < 5% of studies. Sixty percent of studies 
either reported no complications or did not disclose them.

Spinal column‑shortening study

There was only one study [68] in which spinal column short-
ening was used as a revision strategy after recurrent symp-
toms despite prior TCR. In this study, neurological outcomes 
were evaluated using the Japanese Orthopaedic Association 
(JOA) score, pain levels, visual analog scale score, urody-
namics with the International Consultation on Incontinence 
Questionnaire-Urinary Incontinence 3 Short Form score, 
and bowel function with the Rintala score.

Table 1   Etiology of tethered cord

Data reported as number of studies reporting (percent)

Variable Included 
studies 
(n = 55)

Lipoma 33 (60.0)
Thickened/fatty/tight filum terminale 24 (43.6)
Myelomeningocele 17 (30.9)
Lipomyelomeningocele 14 (25.5)
Dermal sinus tract/dermoid cyst/epidermoid cyst 13 (23.6)
Syringomyelia/syrinx 9 (16.4)
Diastematomyelia 8 (14.5)
Caudal/sacral dysgenesis/agenesis 8 (14.5)
Meningocele 7 (12.7)
Unspecified spinal dysraphism 7 (12.7)
Low-lying conus medullaris 8 (14.5)
Lipomeningocele 6 (10.9)
Spina bifida occulta 5 (9.1)
Secondary tethered cord 5 (9.1)
Scoliosis 4 (7.3)
Split cord 4 (7.3)
Lipomyelocele 3 (5.5)
Arachnoid cyst 3 (5.5)
Unspecified spinal tumor 3 (5.5)
Myelocystocele 3 (5.5)
Unspecified spina bifida 2 (3.6)
Arnold-Chiari malformation 2 (3.6)
Neuroenteric cyst 2 (3.6)
Gluteal cleft deviation 2 (3.6)
Hemangioma 2 (3.6)
Teratoma 2 (3.6)
Chiari malformation type 1 1 (1.8)
Chiari malformation type 2 1 (1.8)
Meningocele manqué 1 (1.8)
Retained medullary cord 1 (1.8)
Arthrogryposis 1 (1.8)
Imperforate anus 1 (1.8)
Twin-twin transfusion syndrome 1 (1.8)
Intramedullary abscess 1 (1.8)
Human tail 1 (1.8)
Hydromyelia 1 (1.8)
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Discussion

Here we have demonstrated the significant heterogeneity 
with respect to surgical indications and outcome measures in 
TCR for TCS. Although many studies have described surgi-
cal approaches and treatment methods, the wide disparity in 
outcomes reporting limits the study of this disease process. 
As such, meaningful meta-analyses of outcomes cannot be 
performed. These findings underscore the necessity for a 
standardized approach to outcome reporting.

To some extent, the significant heterogeneity in associ-
ated anatomical defects and surgical indications reflects the 
numerous etiologies of the disease. For any pathologic pro-
cess with congenital and acquired causes, the formation of 
specific etiology-based research initiatives is necessary to 
better guide treatment. To date, this does not exist for TCS 
and represents a potential avenue for improvement. Similar 

strides have been made with hydrocephalus research through 
the concerted efforts of the Hydrocephalus Clinical Research 
Network [70].

Reported surgical indications

In evaluating the various reported indications for surgical 
intervention, despite coalescing variables with reason-
able similarity, we identified 27 different variables from 
55 studies. There was a clear delineation between urologic 
symptoms and non-urologic symptoms, with 15 categories 
identified that related to urinary symptoms. Perhaps more 
concerning, the 5 most commonly reported surgical indi-
cations were amorphous, highly subjective, or ill-defined. 
These included nonspecific bladder dysfunction or nonspe-
cific urodynamics (40.0% of studies), nonspecific lower-
extremity motor disturbances (36.4%), lower-extremity/

Table 2   Indications for surgery

Data reported as number of studies reporting (percent)

Variable Included 
studies 
(n = 55)

Non-urologic symptoms
    Nonspecific lower-extremity motor deficits 20 (36.4)
    Lower-extremity/back pain 18 (32.7)
    Nonspecific lower-extremity sensory deficits 16 (29.1)
    Gait abnormalities 16 (29.1)
    Nonspecific bowel dysfunction/fecal incontinence 14 (25.5)
    Nonspecific lower-extremity weakness 11 (20.0)
    Orthopedic abnormalities 7 (12.7)
    Spasticity 7 (12.7)
    Lower-extremity muscular atrophy 6 (10.9)
    Saddle anesthesia/perianal sensation changes 5 (9.1)
    Hyperreflexia 3 (5.5)
    Areflexia 3 (5.5)

Urologic symptoms
    Nonspecific bladder dysfunction/nonspecific urodynamics 22 (40.0)
    Urinary incontinence/nocturesis/neurogenic bladder 13 (23.6)
    Bladder capacity/volume deficiencies 13 (23.6)
    Detrusor malfunction/overactivity 10 (18.2)
    Bladder compliance deficiencies 9 (16.4)
    Postvoid residual volume 6 (10.9)
    Manometry/sphincter evaluation 5 (9.1)
    Other urodynamics 4 (9.1)
    Bladder pressure 3 (5.5)
    Urinary/bladder sensory loss 3 (5.5)
    History of/recurrent urinary tract infections 3 (5.5)
    Voiding function 2 (3.6)
    Detrusor leak point pressure 2 (3.6)
    Deterioration of bladder storage 1 (1.8)
    Bladder/kidney anatomic abnormalities 1 (1.8)
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back pain (32.7%) nonspecific lower-extremity sensory dis-
turbances (29.1%), and gait abnormalities (29.1%). Because 
of the general lack of objectivity in these measurements or 
lack of a validated scale for subjective measures, it becomes 
unfeasible to compare patient presentation or symptom 
severity among studies. This heterogeneity in patient pres-
entation reporting leads to the significant disparity in indica-
tion categories and subsequent goals of surgery. Although 
specific and highly empiric data were reported in some stud-
ies, such measures were not common across the literature 
as a whole. For example, although objective assessment of 
detrusor malfunction/overactivity and bladder compliance 
irregularities were reported in 18.2 and 16.4% of studies, 

respectively, other such standardized metrics like manom-
etry/sphincter assessment, bladder pressure, or detrusor leak 
point pressure were assessed in < 10% of reports.

Reported postoperative outcomes

Although all patients included in this review underwent 
detethering surgery, the same issues observed in patient 
presentation reporting were repeated among post-TCR 
outcomes. After dividing outcomes into urologic and non-
urologic categories, we identified 31 sufficiently distinct 
postoperative outcome categories. The most commonly 
reported outcome was sufficiently objective (cord retethering 

Table 3   Postsurgical outcomes 
described

Data reported as number of studies reporting (percent)

Variable Included 
studies 
(n = 55)

Non-urologic outcomes
    Secondary cord formation (retethering) 22 (40.0)
    Nonspecific motor deficits 18 (32.7)
    Nonspecific lower-extremity/back/perianal pain 10 (18.2)
    Nonspecific gait/ambulation 10 (18.2)
    Nonspecific sensory deficits 7 (12.7)
    Nonspecific bowel function/fecal incontinence 7 (12.7)
    General symptoms/status 5 (9.1)
    Anorectal manometries/sphincter function 5 (9.1)
    Nonspecific lower-extremity weakness 4 (7.3)
    Nonspecific neurologic deficits 3 (5.5)
    Nonspecific muscular atrophy 3 (5.5)
    Orthopedic abnormalities 2 (3.6)
    Spasticity 2 (3.6)
    Reflexes 1 (1.8)
    Nonspecific lower-extremity dysfunction 1 (1.8)
    Requiring orthotics 1 (1.8)
    Orthopedic symptoms that required additional intervention 1 (1.8)

Urinary outcomes
    Nonspecific bladder function/urinary symptoms 15 (27.3)
    Bladder capacity 11 (20.0)
    Bladder compliance 10 (18.2)
    Urinary incontinence/neurogenic bladder 10 (18.2)
    Nonspecific urodynamics/global urodynamics score 9 (16.4)
    Detrusor function 6 (10.9)
    Voiding function 4 (7.3)
    Leak point/capacity pressure 4 (7.3)
    Post-void residual volume 4 (7.3)
    Vesicoureteral reflux 2 (3.6)
    Recurrent urinary tract infections 2 (3.6)
    Other urodynamic measures 2 (3.6)
    Video bladder neck evaluation 1 (1.8)
    Urinary sensory dysfunction 1 (1.8)
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rate), but it was followed in frequency by nondescript 
and nonspecific motor/neuromotor (32.7%) and bladder 
(27.3%) deficits and symptoms. In total, of the 31 reported 
outcome categories (both non-urologic and urologic), 
we characterized 12 as being nonspecific or generalized. 
The most empiric postsurgical outcomes were among the 
urologic measures, as bladder capacity and compliance were 
evaluated in 20.0 and 18.2% of studies, respectively. Other 
objective urinary measures were not commonly available. 
We often observed reports describing “urodynamics” as a 
primary outcome, but it became clear that the urodynamic 
measurements performed were inconsistent from study 
to study. For example, the detailed urodynamic outcomes 
captured by Alzahrani et al. [18] included total cystometric 
bladder capacity (TCBC), intravesical pressure at TCBC, 
detrusor leak point pressure, and compliance at TCBC, 
as well as 75% bladder capacity, uninhibited bladder 
contractions, detrusor sphincter dyssynergia, and percentage 
change in bladder capacity before and after TCR. Lavallée 
et al. [36] reported both similar and different urodynamic 
measurements by describing mean bladder capacity and 
mean compliance, the number of detrusor contractions 
during bladder filling, and patient bladder capacity/
compliance in relation to age group.

The limited commonality among TCS studies is evident 
in the meta-analyses that have been published to date. For 
example, in their recently published systematic review and 
meta-analysis regarding minimally invasive surgery for 

pediatric occult TCS, Xu et al. [71] were able to include 
only six studies, with the only consistently reported out-
come measure being the postsurgical nonimprovement 
rate. Notably, they were forced to exclude six eligible stud-
ies because of insufficient data for observational indica-
tors regarding nonimprovement description. Similarly, in 
their 2020 systematic review and meta-analysis of surgi-
cal detethering in adult TCS, O’Conner et al. [72] reported 
nondescript presentation symptoms, including pain, motor 
deficits, sensory deficits, bladder dysfunction, and bowel 
dysfunction. With 97% of the cohort (708/730 patients) 
undergoing TCR, this study was limited to only report-
ing patient outcomes as either improved, unchanged, or 
worsened compared with their presenting symptomatology 
(i.e., motor, sensory, bladder, or bowel deficits/dysfunc-
tion or pain). Quantitative metrics that detailed the degree 
of improvement in symptomatology were not described. 
McVeigh et al. [13] likewise completed a systematic review 
and meta-analysis of spinal column shortening as a man-
agement strategy for TCS. Describing 15 studies and 191 
patients, postoperative outcomes were reported as nonquan-
tified improvement in patient pain, weakness, and bladder/
bowel dysfunction. These meta-analyses make it clear that 
the collation of individual studies and the derivation of 
high-level conclusions and management technique com-
parisons are greatly hampered by the current heterogeneous 
state of TCR outcomes reporting.

Classification systems in neurosurgery

Across neurosurgery, the management of complex or fre-
quent pathologies has been simplified by the formation of 
validated classification systems or grading scales. Among 
the numerous examples are the NIH Stroke Scale [73], the  
Glasgow Coma Scale in neurotrauma [74], the Hunt and 
Hess Scale to predict mortality in subarachnoid hem-
orrhage [75], the American Spinal Injury Association 
Impairment Scale in spinal cord injury [77–84]. Each of 
these systems has streamlined prognostication and out-
come prediction within its respective scope. Further-
more, these systems facilitate efficient patient comparison 
for higher-level analysis among institutions and pub-
lished outcomes data, which is vital as the U.S. moves  
toward a value-based healthcare economy.

Toward future TCS classification formation 
and registry formation

It is clear from our analysis that TCS management suffers 
from the lack of a common outcome reporting tool or instru-
ment. Although the reports we assessed often contained 
vague and unspecified patient symptoms and outcomes, it 
is apparent that several domains should be accounted for in a 

Table 4   Complications as reported in each study

Data reported as number of studies reporting (percent)
CSF cerebrospinal fluid

Variable Included 
studies 
(n = 55)

Wound infection 7 (12.7)
CSF leak/CSF collection without repair 5 (9.1)
CSF leak requiring repair 4 (7.3)
Pseudomeningocele 3 (5.5)
Retethering 2 (3.6)
Wound dehiscence 2 (3.6)
Surgical repair of wound complications 2 (3.6)
Diminished bladder control 1 (1.8)
Ibanez type Ib complications 1 (1.8)
New neuro-orthopedic complications 1 (1.8)
Dural tear 1 (1.8)
Stitch abscess 1 (1.8)
Headache 1 (1.8)
Deep vein thrombosis 1 (1.8)
Reoperation 1 (1.8)
None/not reported 31 (56.4)
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future TCS grading system. These would potentially include 
both subjective and objective measures, such as lower-
extemity motor and sensory components, lower-extremity or 
back pain assessments, and quantifiable urodynamic param-
eters such as bladder capacity, bladder compliance, and post-
void residual volume [85]. Likewise, in the absence of a 
grading system, future work would benefit from the creation 
of a prospective TCS registry with common data elements. 
Such a registry would allow for the study of important ques-
tions, such as the comparative effectiveness of minimally 
invasive vs. open surgical treatment and the use of spinal 
column shortening vs. traditional TCR. Etiology-based 
research initiatives will also profit from such an endeavor.

Limitations

Our study is subject to the limitations common to systematic 
reviews including imperfect catchment strategy or search 
term design. Additionally, our synthesis of reported vari-
ables into common umbrella categories introduces oppor-
tunities for mischaracterization. Despite these potential 
limitations, we believe that the present work illustrates 
the challenging task of evaluating TCR outcomes for TCS 
across currently available literature and highlights potential 
avenues for future improvement.

Conclusions

TCS surgical literature is highly varied in the reporting 
of patient presentation, surgical indications, and surgical 
outcomes. The lack of a validated patient-reported out-
come measurement and common and consistent objective 
measures inhibits higher-level analysis. The development 
and validation of a standardized scale or classification sys-
tem would significantly benefit future TCS research and 
surgical management.
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