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Following MMC repair, nearly all children will dem-
onstrate radiographic evidence of spinal cord tether-
ing,15 although only 10%–30% of them will experi-

ence symptoms that prompt surgical release.3,6,41,45 The role 
of surgical intervention in these children has been well 
established,35 but the response patterns of preoperative 
symptoms to surgical release are not clearly defined, and 
are highly variable.7,9,13,15,26 This variability may be due to 
reporting responses to untethering from a variety of tether-

ing origins, variable timing of TCR following symptom 
onset, and nonstandardized definitions of symptom re-
sponse.11

Following MMC repair and subsequent index unte-
thering, approximately 15% of children will experience 
symptomatic retethering that requires a second untethering 
procedure.4,13,24 Different techniques have been attempted 
to minimize retethering, including biological and synthetic 
dural grafts19 and a variety of suture techniques,38,44 but 
their efficacies have not been clearly defined, and factors 
associated with retethering remain unknown.
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Object. Symptom response to spinal cord untethering, and the impact of duraplasty and scoliosis on retethering, 
are poorly understood in tethering after myelomeningocele (MMC) repair. In this retrospective study, the authors ex-
amined the outcomes of children who developed first-time spinal cord tethering following MMC repair. The response 
of symptoms to untethering and the role of duraplasty and scoliosis in retethering are explored.

Methods. The authors performed a review of 54 children with first-time symptomatic spinal cord tethering fol-
lowing MMC repair to determine the impact of untethering on symptoms, the impact of dural repair type on retether-
ing, and the role of scoliosis on the prevalence and time to retethering. 

Results. The average patient age was 10.3 ± 4.9 years, and 44% were males. The most common presenting 
symptoms of tethered cord syndrome were urinary (87%), motor (80%), gait (78%), and sensory (61%) dysfunction. 
The average postoperative time to symptom improvement was 2.02 months for sensory symptoms, 3.21 months for 
pain, 3.50 months for urinary symptoms, and 4.48 months for motor symptoms, with sensory improvement occurring 
significantly earlier than motor improvement (p = 0.02). At last follow-up (an average of 47 months), motor symp-
toms were improved in 26%, maintained in 62%, and worsened in 11%; for sensory symptoms, these rates were 26%, 
71%, and 3%, respectively; for pain, 28%, 65%, and 7%, respectively; and for urinary symptoms, 17%, 76%, and 7%, 
respectively. There was no difference in symptom response with type of dural repair (primary closure vs duraplasty). 
Symptomatic retethering occurred in 17 (31%) of 54 patients, but duration of symptoms, age at surgery, and type 
of dural repair were not associated with retethering. Scoliosis was not associated with an increased prevalence of 
retethering, but was associated with significantly earlier retethering (32.5 vs 61.1 months; p = 0.042) in patients who 
underwent additional untethering operations.

Conclusions. Symptomatic retethering is a common event after MMC repair. In the authors’ experience, sensory 
improvements occur sooner than motor improvements following initial untethering. Symptom response rates were 
not altered by type of dural closure. Scoliosis was associated with significantly earlier retethering and should be kept 
in mind when caring for individuals who have had previous MMC repair. (DOI: 10.3171/2010.8.PEDS09491)
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Abbreviations used in this paper: LOS = length of stay; MMC = 
myelomeningocele; PVCSO = posterior vertebral column subtrac-
tion osteotomy; TCR = tethered cord release; TCS = tethered cord 
syndrome. 

This article contains some figures that are displayed in color 
on line but in black and white in the print edition. 
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Due to the nonspecific radiological findings of a teth-
ered cord, the diagnosis of TCS is made clinically when 
symptoms suggestive of tethering occur in the setting 
of positive radiological findings.15,18,47 The term “reteth-
ering” is then applied based on symptom recurrence or 
progression, as every child will experience some degree 
of asymptomatic retethering.18 Therefore, a better under-
standing of the expected symptom response patterns fol-
lowing index untethering may help predict subsequent 
retethering. In this retrospective study, we examine the 
outcomes of 54 children who developed first-time spinal 
cord tethering following MMC repair. The response of 
symptoms to untethering and the role of duraplasty and 
scoliosis in retethering are explored.

Methods
Data Collection

Approval for this study was obtained from The Johns 
Hopkins Hospital Institutional Review Board. Fifty-four 
patients who experienced symptomatic tethering follow-
ing an initial repair of MMC were identified from a total 
of 182 patients who underwent first-time untethering due 
to any TCS cause from 1997 to 2008. Tethered cord re-
lease was performed on symptomatic patients regardless 
of the presence or absence of scoliosis. Any asymptom-
atic patients who underwent untethering were excluded 
from this study. A retrospective review of medical records 
was performed that included all hospital records, pre- and 
postoperative clinic notes, and pre- and postoperative im-
aging studies. Patient demographics, symptoms, and neu-
rological deficits that were present immediately prior to 
surgery, immediately following surgery, at regular follow-
up visits, and at last available follow-up were recorded. 
Perioperative complications were recorded from opera-
tive notes and discharge summaries. 

Retethering was defined as a new onset or worsening 
of symptoms suggestive of terminal spinal cord dysfunc-
tion (for example, urinary dysfunction, sensory deficit, 
motor dysfunction, and pain), occurring with or without 
positive radiological findings of a low-lying conus medul-
laris. Signs and symptoms were evaluated at regular post-
operative clinic visits and were recorded based on the pa-
tient’s subjective reports of symptoms and the assessment 
of signs by the physician. Perioperative complications oc-
curring in the same patient were recorded as independent 
events. Symptom change was categorized as improved, 
maintained, or worsened as compared with the immedi-
ate preoperative status. The modified McCormick grading 
scale for spinal cord tumors was retrospectively applied to 
compare pre- and postoperative gross motor and sensory 
function (Table 1).29

Data Analysis
The Kaplan-Meier21 method was used to compare re-

tethering-free survival based on the type of dural closure 
and scoliosis status. Parametric data were expressed as 
means ± SDs and compared using the Student t-test. The 
Mann-Whitney U-test was used to compare nonparamet-
ric data and reported as medians. The Fisher exact test 
was used to compare percentages.

Results
Patient Population

Fifty-four pediatric patients underwent TCR for the 
first time following MMC repair. The mean patient age 
at surgery was 10.3 ± 4.9 years (median 10.8 years) with 
24 male patients (44%). A primary dural repair was per-
formed in 22 patients (41%), and duraplasty was performed 
in 32 patients (59%). All patients presented with first-time 
symptomatic tethering following initial repair of an MMC. 
The level of untethering/prior MMC was upper lumbar in 
4 patients, midlumbar in 5, lower lumbar in 20, lumbosa-
cral in 20, and sacral in 5 patients. The average duration of 
symptoms before surgical intervention was 7.07 months, 
and the average modified McCormick grade at the time 
of surgery was 2.79, which improved to 2.66 after surgery. 
The most common presenting symptoms included urinary 
dysfunction (87%), motor dysfunction (80%), gait abnor-
malities (78%), sensory deficit (61%), and spasticity (52%) 
(Fig. 1). Scoliosis was noted in 50% of patients. At presen-
tation, patients who received primary dural closure versus 
duraplasty were generally similar across 15 categories of 
presentation. A summary of all demographic and present-
ing symptoms is provided in Table 2.

Perioperative Outcomes
The average LOS was 9.80 ± 7.86 days (range 3–51 

days). A surgical site infection occurred in 3 (5.6%) of 54 
patients, wound dehiscence in 9 (16.7%), and CSF leak 
(transcutaneous or subcutaneous) requiring revision sur-
gery in 6 (11.1%). Patients who developed a CSF leak re-
quiring revision were also considered to have wound dehis-
cence, as each adverse outcome was independently record-
ed. The overall percentage of patients who experienced any 
complication was 18.5%. The use of a dural graft was not 
associated with any increased risk of perioperative compli-
cations, including CSF leak (Table 2).
Symptom Response

The mean follow-up period for all patients was 47.0 ± 
37.7 months (median 49.5 months, range 0.3–163 months). 
The mean time to improvement in symptoms was as fol-
lows: sensory deficit improvement, 2.02 months; pain relief, 
3.21 months; urinary dysfunction, 3.50 months; and motor 
deficit improvement, 4.48 months. Improvement in sensory 

TABLE 1: Modified McCormick grading scale for neurological 
function

Grade Description

I neurologically intact, ambulates normally, may have minimal 
 dysesthesia

II mild motor or sensory deficit, maintains functional indepen- 
 dence

III moderate deficit, limitation of function, independent w/ exter- 
 nal aid

IV severe motor or sensory deficit, limit of function w/ depen- 
 dent patient

V paraplegia or quadriplegia, even in the presence of flickering 
 movement
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deficits was found to occur significantly earlier than motor 
deficits (2.02 vs 4.48 months, respectively; p = 0.02) (Table 
3). The time course to improvement demonstrated no oth-
er statistically significant pattern. Pain improvement was 
observed in 28% of patients, maintenance of preoperative 
state in 65%, and worsening in 7%. Preoperative sensory 
deficits were improved or maintained in 26% and 71%, 
respectively, with 3% reporting worsening. Improvement 
in motor function was reported in 26%, with maintenance 
or worsening in 62% and 11%, respectively. Stabilization 
of preoperative urinary symptoms was observed in 76%, 
with 17% experiencing improvement and 7% experienc-
ing worsening. A complete report of symptom status at last 
follow-up is provided in Table 4. The duration of symptoms 
preoperatively and patient age at untethering were not as-
sociated with improvements in sensory deficit, weakness, 
motor deficit, or urinary complaints after surgery (Table 5). 
The level of tethering did not correlate with any functional 
outcomes postoperatively.

Retethering Outcomes
Symptomatic retethering occurred in 17 (31%) of 

54 patients at a mean of 51 ± 33 months (range 10–133 
months). Retethering was observed in 8 (36%) of 22 pa-
tients who underwent primary dural closure, and 9 (28%) 
of 32 who underwent closure with a dural graft, which was 
not statistically significant (p = 0.537). Mean time to reteth-
ering between primary dural closure (46 months) and dural 
graft (56 months) was also not statistically significant (p 
= 0.580). While it may be interpreted from Fig. 2 that du-
raplasty affords some early protection against retethering, 
that advantage was lost at final follow-up. When consider-
ing all patients, not just those who experienced retether-
ing, there was no significant difference in retethering-free 
survival based on type of dural closure (Fig. 3). There was 
no significant difference in preoperative symptom dura-
tion in patients who experienced retethering (6.94 months) 
compared with those who did not undergo retethering (7.21 
months; p = 0.877). The average patient age at the time 
of surgery was not significantly different in those who ex-
perienced retethering (9.26 years) compared with those 
who did not undergo retethering (10.66 years; p = 0.345) 

(Table 5). Retethering was observed in 11 (41%) of 27 pa-
tients with scoliosis, and in 6 (22%) of 27 patients without 
scoliosis (p = 0.149). In patients with scoliosis, retethering 
requiring untethering occurred significantly earlier (32.5 
months) as compared with patients without scoliosis (61.1 
months; p = 0.042) (Fig. 4). However, when considering all 
patients, not just those who experienced retethering, there 
was no significant difference in retethering-free survival 
based on scoliosis status (Fig. 5). The level of tethering was 
not associated with retethering.

Discussion
Symptom Presentation

The decision to release a tethered cord is a clinical de-
termination based on symptoms. Therefore, a better char-
acterization of preoperative symptoms and their duration 
may lead to more timely intervention. A characteristic set 
of symptoms suggestive of tethering has been known to ex-
ist for many years, but a great variety of presenting symp-
toms exist, even in the subset of patients who experience in-
dex tethering following MMC repair. The 2 largest patient 
series concerning tethering after MMC repair illustrate the 
nonuniform nature of symptom presentation. In a review15 
of 100 patients who developed a tethered cord following 
MMC repair, the most common presenting symptoms were 
motor dysfunction (55%), gait abnormality (54%), scoliosis 
(51%), pain (32%), orthopedic deformities (11%), and geni-
tourinary dysfunction (6%). A later analysis of 114 chil-
dren with TCS after MMC repair demonstrated that spas-
ticity (47%), weakness (41%), scoliosis (40%), contractures 
(30%), urological dysfunction (26%), and pain (17%) were 
the most common presenting symptoms.7 The pattern of 
motor deficit, gait abnormality, weakness, and spasticity 
as dominant symptoms were also observed in this study, 
but in contrast to previous reports, urinary dysfunction was 
documented in more than 80% of patients. However, it is 
known that most children who present for nonurological 
signs/symptoms of tethered cord are found to have abnor-
mal urodynamics when examined formally,33 suggesting 
that the diversity of symptoms at presentation may instead 
represent variable preoperative evaluation and documen-

Fig. 1. Bar graph showing the relative incidence of symptom presentation.
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tation than a true difference in symptom frequency. This 
variability in preoperative urological evaluation methodol-
ogy might explain the very high incidence of urological 
dysfunction in our study. The duration of symptoms prior 
to index TCR in our study (7.1 months) is consistent with 
that observed in other reports.28 However, it is known that 

the symptom duration prior to untethering increases with 
subsequent retetherings, which may suggest that a less ag-
gressive approach is adopted once it becomes apparent that 
a patient is prone to tethering. Finally, as has been reported 
previously, pain was more commonly reported in older 
children, presumably because they are more able to articu-

TABLE 2: Demographics, presenting symptoms, and operative/perioperative outcomes in 54 consecutive pediatric 
patients with tethered cord following initial MMC repair

Variable Total Patients Nonduraplasty Duraplasty p Value

demographics
 no. of patients 54 22 32
 mean age (yrs) 10.3 11.1 9.9
 males 24 (44%) 10 (45%) 14 (44%) 0.7
 infants 3 2 1 0.16
preop presentation
 average modified McCormick grade 2.79 2.72 2.83 0.59
 average symptom duration (mos) 7.07 5.9 8 0.17
 bowel/bladder dysfunction 47 (87%) 18 (82%) 29 (91%) 0.38
 lower-extremity motor dysfunction 43 (80%) 20 (91%) 23 (72%) 0.068
 gait abnormalities 42 (78%) 19 (86%) 23 (72%) 0.19
 lower-extremity spasticity 28 (52%) 8 (36%) 20 (63%) 0.62
 any lower-extremity pain 22 (41%) 11 (50%) 11 (34%) 0.3
 leg, perineal (saddle) anesthesia 22 (41%) 9 (41%) 13 (41%) 0.98
 muscular atrophy 14 (26%) 6 (27%) 8 (25%) 0.86
 leg pain (buttock, radiating pain) 12 (22%) 7 (32%) 5 (16%) 0.19
 axial back pain 10 (19%) 6 (27%) 4 (13%) 0.18
 lower-extremity hyperreflexia 4 (7%) 2 (9%) 2 (6%) 0.71
 leg, perineal (saddle) paresthesia 3 (6%) 3 (14%) 0 (0%) 0.083
 vertebral body defect 36 (67%) 14 (64%) 22 (69%) 0.88
 scoliosis 27 (50%) 11 (50%) 16 (50%) 0.98
operative & perioperative outcomes
 surgical site infection 3 1 2 0.78
 average LOS (days) 9.8 9.32 10.2 0.67
 wound dehiscence 9 3 6 0.62
 discharge to rehabilitation facility 6 4 2 0.22
 average postop McCormick grade 2.66 2.5 2.77 0.29
 revision op for CSF leak 6 2 4 0.69
 deep venous thrombosis 1 0 1 0.33
average follow-up (mos) 47 44.72 48.56

TABLE 3: Average time to postoperative symptom improvement, and comparison of p values for average time to 
symptom improvement*

Symptom
Average Time to 

Improvement (mos) Motor Deficit Sensory Deficit Weakness Pain Urinary Dysfunction

motor deficit 4.48 NA 0.02 0.10 0.40 0.52
sensory deficit 2.02 NA NA 0.54 0.35 0.27
weakness 2.52 NA NA NA 0.62 0.49
pain 3.21 NA NA NA NA 0.86
urinary dysfunction 3.50 NA NA NA NA NA

* NA = not applicable.
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late this symptom. It is difficult to account for this pattern 
when analyzing pain improvement following TCR.18

Perioperative Complications
In contrast to tethered cord symptom presentation, the 

perioperative complications are consistent across studies. 
In a review of a large national administrative database, 
an overall mortality rate of 0.0005% was reported with 
untethering, with an overall complication rate of 9.5%.23 
Hematoma and hemorrhage were the leading complica-
tions in this report, but CSF leak and surgical site infec-
tion are the ones most commonly reported elsewhere in 
the literature.16,37 Reports of CSF leak range from 1.6% to 
17%7,13,15,23,28 and surgical site infections range from 1.1% to 
8.4%,9,15,23 values that are consistent with observations in 
this report. An overall complication rate of less than 10% is 
consistently reported,13,23,28 but that does increase with sub-

sequent untetherings.28 The average LOS in this study (9.8 
days) is also consistent with that reported elsewhere.23,28

Symptom Response
While the role of surgical intervention might have pre-

viously been unclear, TCR in the correct clinical setting is 
now widely accepted. Persistent tethering results in symp-
tomatic progression leading to an orthopedic or urologi-
cal surgery in 90% of patients.35 Additionally, the general 
goals of untethering and a pattern of response to untether-
ing have been clearly shown in multiple studies. Surgical 
release of a tethered spinal cord is indicated in the proper 
clinical setting of progressive symptoms with positive ra-
diographic evidence of tethering. The goals of untethering 
are to prevent further decline, prevent irreversible injury, 
and induce stabilization of preoperative symptoms.15,30,32

Numerous studies have shown that following unteth-
ering, more than 80% of patients will experience stabili-
zation of their preoperative symptoms, with significantly 
fewer patients experiencing mild improvement.13,15,26,28 
The sole exception to this is the finding that pain con-
sistently improves following cord release,26 even after 
multiple untetherings.28 Excellent improvements in pain 
following untethering have been documented in numer-
ous studies, occurring in 80%–100% of patients.5,7,15,26,28 

TABLE 4: Percentage of symptomatic improvement,  
maintenance, or worsening at last follow-up following  
untethering

Symptom % Improved % Maintained % Worsened

nonduraplasty group    
 motor deficit 29 62 10
 sensory deficit 18 77 5
 pain 36 55 9
 urinary dysfunction 18 73 9
duraplasty group    
 motor deficit 25 63 13
 sensory deficit 30 68 3
 pain 22 72 6
 urinary dysfunction 16 78 6
all patients    
 motor deficit 26 62 11
 sensory deficit 26 71 3
 pain 28 65 7
 urinary dysfunction 17 76 7

TABLE 5: Impact of symptom duration and age at surgery on 
incidence of retethering and symptom improvement

Variable
Longest Symptom Duration 

(mos) Age at Op (yrs)

retethering 6.94 9.26
no retethering 7.21 10.66
p value 0.87 0.34
improvement*
 sensory deficit 0.14 0.19
 weakness 0.79 0.78
 motor deficit 0.65 0.87
 urinary dysfunction 0.64 0.77

* Symptom values represent p values of comparison between improve-
ment and no improvement.

Fig. 2. Kaplan-Meier graph demonstrating the prevalence and time 
course to retethering in patients treated with duraplasty or primary dural 
closure (Non-duraplasty).

Fig. 3. Kaplan-Meier graph showing the incidence and time to re-
tethering in all patients as a function of duraplasty or primary dural clo-
sure (Primary Repair).
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Improvements in pain following untethering often reach 
nearly 100% with prolonged follow-up.7 In this series, 
pain improved in one-quarter of patients, but stabilization 
was the most common response (65%) at last follow-up. 
Immediately postoperatively, pain improved in 47 (87%) 
of 54 patients, but the majority experienced regression to 
preoperative status by last follow-up. When retethering 
occurs, pain continues to respond well to surgery, but that 
response diminishes with each subsequent untethering. 
The same pattern of symptom stabilization/improvement 
is also observed in patients who undergo late untether-
ing, suggesting that symptom duration or patient age at 
surgery does not play a significant role in symptom re-
sponse.28 Similarly, we observed that improvement in the 
other 4 major presenting symptoms occurred independent 
of either patient age at presentation or symptom duration.

While untethering consistently relieves pain, the 
impact on functional improvement is less reliable.27 Im-
provements in urological signs and symptoms are the 
second most commonly reported to occur following unte-
thering. Improvement rates as high as 60% have been re-
ported,7,22 with an additional 36% achieving stabilization,7 
prompting many to recommend urodynamic testing early 
and often.11,16,37,43 With repeat untethering, the response of 
urological symptoms still occurs in approximately 50%.28 
However, others have reported that the rates of improve-
ment/stabilization of urological symptoms range from 
16% to 67%, similar to the rates of other nonpain symp-

toms.15,25,26,33 Again, the variability in reporting is likely 
due to variable definitions and measures of improvement, 
but may also represent a differential symptom response 
based on the cause of tethering.11 The former explanation 
might explain our data that 75% of children experienced 
long-term stabilization and only 17% experienced im-
provement. Some have even argued that the reported uro-
logical improvement may not be reliable given the high 
rates of incontinence in young children and the limits of 
urodynamic testing.8,10

Improvements in motor function appear to follow a 
similar pattern as urological dysfunction. Most studies 
report a response rate of at least 25%,7,15,28 with a range 
of 25%–80%.20,25,35 Interestingly, children who were not 
found to have preoperative motor deficits demonstrated 
motor improvements after surgery, leading some to be-
lieve the threshold for untethering should be lower.15 In 
this series, improvement in motor symptoms was ob-
served in 26%, with 62% reporting maintenance and 11% 
worsening at last follow-up, consistent with the range 
reported in the literature. While most believe that pain, 
urinary dysfunction, and motor deficits respond best to 
untethering, few have reported some improvement in sen-
sory and weakness following untethering.28

The average time to symptom improvement is not 
well understood, but establishing a normal range for this 
variable may be important for evaluating when untether-
ing has not been successful. In this series, we found that 
the average reported improvement occurred between 2 
and 4.5 months. Interestingly, the improvement in sen-
sory symptoms occurred significantly earlier than im-
provements in motor deficits, which may represent the 
increased time needed to regain strength in muscles that 
have atrophied secondary to neuronal damage from TCS. 
As has been shown in numerous prior studies, our data 
show that dramatic improvement is rare, and that stabi-
lization is the most likely response of symptoms to unte-
thering.12,46 While better results might be observed with 
other tethered cord causes, it is important to keep in mind 
that symptom presentation, response, and retethering be-
have uniquely in the patient after MMC repair.42

Retethering
Following index untethering, retethering occurs in as 

many as 15% of patients after MMC repair,4,13,14,24,27 and in 
as many as 50% of patients when all TCS causes are con-
sidered.2,20,24,25 Various suture techniques,38,44 spinal cord/ 
dural barrier materials,47 and synthetic dural grafts19 have 
all been employed in an attempt to reduce retethering, with 
the latter being the most popular technique.1 At some cen-
ters, patients are maintained in a flat position following 
surgery for at least 1–2 days. In severe cases, sectioning of 
the spinal cord at a functionless level has been proposed.5 
However, none of these techniques has been reliably shown 
prospectively to prevent retethering.18,26,47

In a recent report, Hsieh et al.17 reported on PVCSO 
in 2 patients with repeated cord tethering. A technique 
previously used for spinal deformity, PVCSO allows for 
a degree of untethering not achievable with standard in-
tradural techniques due to the risk of neurological injury 
from adhesions. Posterior vertebral column subtraction 

Fig. 4. Kaplan-Meier graph demonstrating the time to retethering 
in the presence or absence of scoliosis in patients who experienced 
retethering.

Fig. 5. Kaplan-Meier graph showing the time to retethering in the 
presence or absence of scoliosis in all patients.
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osteotomy is also a completely extradural technique, re-
ducing the risk inherent with intradural surgery. However, 
with limited follow-up and few patients reported, further 
investigation is necessary before PVCSO is widely used.

As the efficacy of the above-mentioned techniques 
remain unproven, better identification of risk factors for 
retethering may help determine those at risk and lead to 
appropriate and earlier intervention in these patients. Some 
have proposed that such risk factors include younger age 
and a large placode at initial presentation of TCS.5 Howev-
er, age has been shown in 2 separate reports to have no in-
fluence on pain, urinary, weakness, or sensory outcomes,28 
or any postoperative improvement.9 Similarly, we observed 
that age was not associated with improvement in sensory, 
motor, urinary, or weakness symptoms. Additionally, we 
observed that the average age of patients who experience 
retethering (9.26 years) was not different from the aver-
age age of those who did not experience retethering (10.66 
years), suggesting that age may not be a risk factor for re-
tethering.

A variety of dural grafting material is available, in-
cluding adjacent fascia, bovine pericardium, Silastic, Gore-
Tex, and MEDPOR, but it is not yet known if they slow or 
prevent retethering.1,47 Gore-Tex specifically has been sug-
gested to be useful in closing dural defects, to be placed 
under a primary dural closure to provide a smooth layer 
to prevent adhesions, or to allow for the creation of an ex-
panded dural compartment at the site of previous tether-
ing.1 Early work demonstrated that Gore-Tex limited the 
nature and extent of adhesion and resulted in a less inflam-
matory/foreign body response.34 In a large retrospective 
review, duraplasty was not found to affect the rates of CSF 
leak, surgical site infection, or LOS in a variety of TCS 
causes.39 Similarly, in TCS after MMC repair, we found 
that the use of a dural graft was not associated with an 
increased incidence of retethering, or increased incidence 
of any perioperative complications (CSF leak, surgical site 
infection, or wound dehiscence). Despite these promising 
data, duraplasty has mainly been found to confer some ad-
vantage against retethering in “complex” TCS origins. We 
did observe that patients with a dural graft experienced re-
tethering at an average of 55 months, whereas the primary 
dural closure group experienced retethering at 45 months, 
but this did not reach statistical significance. It appears that 
dural grafts do not introduce an additional hazard, but their 
ability to prevent retethering remains debatable.

The analysis of scoliosis in spinal cord tethering has 
mainly focused on the response of preoperative curves to 
cord release. It is known that TCR can improve scoliosis,15 
and that smaller preoperative curves are most likely to 
improve or stabilize following surgery.31,36,40 Furthermore, 
it has been shown that a tethered cord can be a cause of 
scoliosis in children with an MMC.31 However, the role of 
scoliosis in retethering has not been previously explored. 
In this series, children with preoperative scoliosis experi-
enced retethering requiring untethering after index cord 
release significantly earlier than those without scoliosis. 
We propose 2 possible theories to account for this find-
ing. First, the presence of a spinal curvature may increase 
the surface area over which the spinal nerve roots are in 
contact with the dura, which may promote an increasing 

inflammatory reaction and scarring, causing earlier reteth-
ering. Alternatively, the presence of scoliosis might simply 
be an indicator of more severe dysraphism with accompa-
nying lower–spinal cord dysfunction and presentation of 
symptoms that are interpreted as TCS symptoms leading 
to early untethering procedures. Further evaluation of these 
children is warranted to explore precisely the relationship 
between scoliosis and why these children undergo repeat 
untethering at an early time point.

The retrospective nature of this report should be con-
sidered in the interpretation of the data. The grading of 
outcomes as either improved, unchanged, or worsened is 
potentially an overall simplistic categorization and may 
be subject to bias. Additionally, patient selection pattern 
and surgeon preference introduces variation and potential 
bias that cannot be corrected retrospectively.

Conclusions
Patient age and duration of symptoms are not associ-

ated with retethering in children who undergo TCR follow-
ing an initial repair of an MMC. The presence of scoliosis is 
associated with significantly earlier retethering. In patients 
who experience symptomatic improvement, sensory symp-
toms can be expected to improve before motor symptoms. 
The use of duraplasty is not associated with an increased 
incidence of perioperative complications or retethering as 
compared with primary dural repair. A CSF leak requiring 
revision occurred in approximately 11% of procedures and 
remains a significant complication. Considerable variation 
in the reporting of symptomatic response to TCR exists in 
the literature, likely a result of nonstandardized methods 
to assess symptoms and analyzing outcomes from multiple 
TCS origins. The establishment of a uniform method for 
symptom assessment in TCS may improve understanding 
of the response to TCR, which may help to better predict 
those patients most likely to respond to surgery.
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