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Abstract:

Purpose: Patients with surgically corrected myelomeningocele have a distally
anchored spinal cord. These patients are predisposed to developing progressive
scoliosis, often requiring surgery for curve correction and spinal fusion. Some
authors have advocated prophylactic spinal cord untethering prior to corrective
spine surgery to protect the tethered cord from injury. The purpose of this study
was to identify any functional benefit from spinal cord untethering in otherwise

asymptomatic myelomeningocele patients prior to corrective spinal surgery.

Methods: We retrospectively identified 45 patients who had corrective spinal
surgery at Boston Children’s Hospital between 1990 and 2011 who met the
inclusion criteria. The patients were analyzed in two ways. 1) Pre- and post-
fusion functional status of those who had an untethering operation at the time of
or within the 6 months prior to spinal fusion (UT < 6m, 10 patients) was
compared to that of those who were not untethered during this six-month period
(NUT < 6m, 35 patients). 2) Pre- and post- fusion functional status of those who
had an untethering operation at any time prior to spinal fusion (UT anytime, 25
patients) were compared to those who had never been untethered (NUT anytime,
20 patients). We collected demographic, radiographic, and pre/post-fusion
functional status data for each patient from medical record review. Functional

status was quantified using the Necker-Enfants Malades (NEM) and modified
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Hoffer scoring systems. Spine radiographs were available for measurement of

pre- and post-operative curve severity in 33 patients (20 UT, 13 NUT).

Results: For those with available radiographs, the average scoliotic curvature
was 83 degrees pre-operatively and 22.3 degrees post-operatively for an
average correction of 73% (73% for those who had been previously untethered
and 71% for those who had never been untethered). In the first analysis, the
mean change in NEM scores following fusion was +0.2 and +0.06 for the UT and
NUT groups, respectively (p=0.71); and, mean change in Hoffer score was -0.2
and +0.06 for UT and NUT groups, respectively (p=0.13). In the second analysis,
the mean change in NEM following fusion was +0.24 and +1.17 for the UT and
NUT groups, respectively (p=0.29); and, mean change in Hoffer score was +0.65

and +0.00 for the UT and NUT groups, respectively (p=1.00).

Conclusions: This retrospective study was unable to identify any advantage of

recent or remote spinal cord untethering in regard to overall functional outcome

following corrective spinal surgery in MM patients.

Keywords: myelomeningocele, tethered spinal cord, scoliosis, spinal fusion,

functional outcome
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Background:

Myelomeningocele (MM) results from a failure of primary neurulation and
requires surgical closure of the exposed neural elements to prevent infection.?®
1 Effectively, all of these children secondarily develop a “tethered spinal cord” (a
term originally coined by Hoffman, Hendrick, and Humphreys in reference to tight
filum terminale) that can be observed on radiographic imaging.®”%1.13:21. 25
Spinal cord tethering in this instance typically results from arachnoid scar
formation and dorsal adherence of the initially exposed spinal cord placode to the
dural repair site.’®' This can lead to chronic, repeated spinal cord injury likely
resulting from decreased caudal spinal cord blood flow. "%1922 25 Approximately
10-30% of these patients will become symptomatic with loss of baseline motor

function, gait deterioration, pain, new orthopedic deformities (such as progressive

scoliosis or lower extremity deformity), spasticity, or altered urologic function.®

10,11,14, 21, 23

Patients with repaired MM frequently develop scoliosis, and tethered
spinal cord may be a contributing cause. " #'% 131824 An evidence based
literature review performed by Dias found the incidence of scoliosis among
children with repaired MM ranged from 40 to 85%.* Herman and colleagues
reported that 51% of children with symptomatic tethered spinal cord following
closure of MM presented with scoliosis.® Al-Holou and co-authors reported

progressive scoliosis as the most common presentation (48%) in their series of
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children with MM or lipomyelomeningocele undergoing reoperation for secondary
tethered cord, including those in whom scoliosis was the only symptom. ! If the
curve is not severe (less than around 50 degrees) untethering can arrest
progression or lead to improvement, while more severe curves typically require
operative correction, which increases the vertical height of the spinal column.' '®
Theoretical concern for developing new neurologic deficits under those
circumstances, when the spinal cord is anchored distally, has led some to
advocate prophylactic untethering of the spinal cord in these patients prior to
curve correction.” * Those supporting prophylactic untethering view isolated
progressive scoliosis as a symptom of tethering worthy of treatment and also
suggest this may reduce the risk of neurological injury that could result from
operative correction of the curve, while those opposed are concerned about

increased operative risk and lack of data to support its benefit. 3%

Samdani and colleagues retrospectively reviewed seventeen patients with
MM who underwent scoliosis corrective surgery, but had not recently had their
spinal cord untethered.® Since none of the study patients experienced any
functional loss following spine surgery, these authors concluded that, for
otherwise asymptomatic MM patients, prophylactic spinal cord untethering may
be unnecessary."® Al-Holoul and coauthors found no difference in functional
outcome between their 34 patients untethered prophylactically prior to spinal
fusion and those operated for clinical symptoms of tethering, but had no control

patients undergoing fusion without untethering for comparison. !
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Historically, in the Boston Children’s Hospital Center for Spina Bifida and
Spinal Cord Conditions, there has been surgeon-dependent variation in practice
regarding prophylactic untethering in MM patients prior to spinal fusion. Here, we
present a retrospective analysis of changes in objective scaled functional scores
before and after scoliosis curve correction in these patients, including both those
with and without prior untethering. The goal of this study was to assess whether

this variance in practice had any overall affect on functional outcome.

Methods:

Study Design

This retrospective study was approved by the Institutional Review Board
(IRB) of Boston Children’s Hospital. Initially, a query was performed in which
operative notes in the Boston Children’s Hospital medical record system between
the years1990 and 2011 were scanned for the terms “myelodysplasia or spina
bifida” and “scoliosis.” This yielded 74 patients (Figure 1). Patients were then
included in the study if they had: (1) a documented diagnosis of MM, (2) MRI
imaging of the spinal cord, (3) no clinical signs or symptoms of tethered spinal
cord other than scoliosis, (4) an operative report documenting the scoliosis
correction and fusion procedure, and (5) at least 6 months of post-fusion follow-
up documentation. Of the 74 patients sampled, 45 met the study’s eligibility
criteria (Figure 1). Patients were excluded from the study for not having a clearly

documented diagnosis of MM (n=3), not having accessible MRI imaging (n=6),
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not having had a scoliosis correction and fusion operation (n=8) and having

insufficient post-fusion follow-up (n=12).

Analyses

Two separate analyses were performed on all 45 patients who met the
study’s inclusion criteria (Figure 1). In Analysis 1, the intervention was an
untethering operation within the 6 months prior to scoliosis correction (including
those who were untethered under the same anesthesia but prior to spinal
manipulation). Within Analysis 1, 10 patients received the intervention
(Untethered, UT <6mo Group), while 35 patients served as controls (Not
Untethered, NUT <6mo Group). Patients who had undergone a previous spinal
cord untethering more than 6 months prior to their scoliosis correction were
included in the control group. For patients who had more than one corrective

spinal operation, only the first operation was included in the analysis.

Analysis 2 also included all 45 patients who met the study’s inclusion
criteria. In this analysis, the intervention was an untethering operation at anytime
prior to (including under the same anesthesia) scoliosis corrective surgery. Within
Analysis 2, 25 patients received the intervention (UT at any time), while 20
patients who had never undergone spinal cord untethering served as controls

(NUT any time).
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Surgical Technique

Corrective spinal surgery was accomplished using standard techniques
with segmental instrumentation and fusion. Intraoperative spinal cord monitoring
was routinely used. Spinal cord untethering, when done, was performed using
microsurgical technique to free the distal cord from its immobilization by
arachnoid scar. Intraoperative monitoring of nerve root responses, including the
anal sphincter musculature, was routinely employed. The decision to
prophylactically untether the spinal cord within 6 months of the spinal fusion was

essentially random, being epoch and surgeon dependent.

Data Collection

We collected demographic, clinical, radiographic, and pre/post-fusion
functional status data for each patient. Demographic information consisted of age
at the time of fusion, sex, and race. Clinical and radiographic data included the
deformity pattern, MRI appearance consistent with a tethered spinal cord,
presence of a shunt, and whether there was imaging evidence of syrinx, cyst,
fatty filum, and/or Chiari 2 malformation prior to scoliosis corrective surgery.
Functional status data characterized the degree of motor, sensory, bladder,

bowel and ambulatory impairment experienced by patients.

Radiographic Data

Upright PA or AP and lateral radiographs were evaluated. These included

studies done within 1 month prior to the surgery and the first upright study
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following the surgery. All post-operative radiographs were performed within 3
months of the procedure. The deformity pattern was recorded. The major
scoliotic curvature was measured using the Cobb technique and the pelvic

obliquity using the method of Osebold."

NEM Score

For our analysis, we collected pre-fusion and post-fusion information
pertaining to the motor, sensory, bladder, bowel, and ambulatory functional
status of the patients. For patients who underwent simultaneous untethering or
untethering within 6 months prior to the spinal fusion, the functional status data
was that from just prior to the untethering operation. To quantitatively compare
functional outcomes between the intervention (UT) and control (NUT) groups, we
used two previously validated functional scales. We employed the Necker-
Enfants Malades (NEM) scale to evaluate motor, sensory, bladder, and bowel
function (Table 1). The NEM scale is a 5-point scale used to quantitatively
assess the functional and social consequences of congenital spinal

malformations.™"”

Modified Hoffer Score

We also used the modified Hoffer ambulatory scale (Table 2) to evaluate
ambulatory function. Initially developed by Hoffer et al., and later modified by
Schoenmakers et al., the modified Hoffer scale is used to quantitatively assess

ambulatory ability in patients who undergo spinal cord untethering.®?° For both
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the NEM and modified Hoffer scales, lower scores are associated with more

severe functional deficits.

Pre-operative NEM and Hoffer scores were assigned to the intervention
(UT) groups using information in their most recent medical record data preceding
their spinal cord untethering operation for the UT <6month group or within 6
months prior to their spinal fusion for all others (control groups, and those
untethered prior to 6 months before the spinal fusion). Post-operative NEM and
Hoffer scores were assigned at approximately 6 months after the fusion

operation for both the intervention (UT) and control (NUT) groups.

Data Analysis:

We calculated the difference in post-fusion and pre-fusion mean NEM and
Hoffer scores and then conducted a t-test to assess for significance of any
differences between intervention and control groups in regard to overall change

in motor, sensory, bladder, bowel, and ambulatory functional status.

Results:

Patient Population
Analysis 1 included the 45 patients who met the inclusion criteria for our
study. As displayed in Table 3, the intervention (UT <6mo) group included 10

patients (10% male) with an average age of 14.52+5.91 years. The control (NUT
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<6mo) group included 35 patients (49% male) with an average age of 13.97+3.46

years. The intervention and control groups were similar in racial demographics.

Analysis 2 also included the 45 patients who met the inclusion criteria for
our study. Those in the group untethered at any time prior to their fusion included
25 patients (32% male) with an average age of 14.13+4.37 years. The control
group included 20 patients (50% male) with an average age of 14.05+3.74 years.

The intervention and control groups were similar in racial demographics.

MRI Findings

Many of the patients demonstrated more than one radiographic
abnormality (Table 3). In Analysis 1, the intervention (UT <6mo) group frequently
included those with hydromyelia (40%), cysts (30%), fatty fila (30%), Chiari 2
malformations (90%), and ventricular shunts (80%). In the control (NUT <6mo)
group, hydromyelia (57%), cysts (23%), fatty fila (29%), Chiari 2 malformations

(83%), and shunts (91%) were similarly represented.

In Analysis 2, hydromyelia (52%), cysts (28%), fatty fila (28%), Chiari 2
malformations (88%), and shunts (84%) were present in the intervention (UT any
time) group. In the control (NUT anytime) group, hydromyela (55%), cysts (20%),
fatty fila (30%), Chiari 2 malformations (80%), and shunts (95%) were also

similarly represented.

Last Revised: 1/22/16 Page 11 of 24



Baseline Disability

All patients involved in the study were diagnosed with severe progressive
scoliosis (100%) for whom corrective surgery and fusion were indicated. As
shown in Table 4, the number of patients with any degree of baseline motor,
sensory, bladder, bowel or ambulatory functioning below normal (defined as a

less than perfect NEM or modified Hoffer score) was documented.

In both Analysis 1 and 2, patients in the treatment and control groups
demonstrated similar rates of baseline motor dysfunction, sensory deficit, bladder
incontinence, bowel dysfunction, and ambulatory impairment. With the exception
of bowel dysfunction, less than 15% of patients had normal functioning at
baseline in any of the functional categories captured by the NEM scale and the
modified Hoffer scale. All of the patients were asymptomatic for tethered cord at
the time of the spinal fusion or at the time of untethering <6m prior to spinal
fusion. Otherwise stated, none of the patients had recently experienced a
worsening in their baseline degree of functioning that would necessitate

performing an operation to release their spinal cord.

Operative Results:

All of the patients in this study had a fusion operation in an effort to correct
their scoliosis. Many patients had fusions extending through more than one
spinal region. For patients in the UT <6mo group of Analysis 1, 100% had a
thoracic level fusion, 90% had a lumbar level fusion, and 60% had a sacral level

fusion. For patients in the NUT <6mo group of Analysis 1, 100% had a thoracic
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level fusion, 89% had a lumbar level fusion, and 37% had a sacral level fusion.

Similar percentages were observed in Analysis 2.

A complete set of radiographs was available for retrospective analysis in
32 of the patients. Of these, there were 26 thoracolumbar curve patterns of which
13 were right and 13 left. The apices were: T8-1, T10-1, T11-1, T12-4, L1-8, L2-
10, and L3-1. There were 2 double curve patterns, both right thoracic and left
lumbar, 2 right thoracic and 1 right lumbar and 1 left lumbar. The average
scoliotic curvature was 83 degrees pre-operatively and 22.3 degrees post-
operatively for an average correction of 73%. The average pelvic obliquity was

22 degrees pre-operatively and 5 degrees post-operatively.

Functional Outcomes (Analysis 1)

Motor, sensory, bladder, bowel and ambulatory function were evaluated
using the previously described NEM and modified Hoffer scores. As displayed in
Table 5, patients in the intervention (UT <6mo) group of Analysis 1 experienced
a mean post-fusion improvement in total NEM score (0.20+1.32 NEM Points),
sensory function (0.10+0.99 NEM points) and bladder function (0.20+0.63 NEM
points); whereas, they demonstrated mean post-fusion stability or worsening in
motor function (-0.10+0.88 NEM points), bowel function (0.00+0.00 NEM points)

and ambulatory function (-0.20+0.79 Hoffer points).

In the control (NUT <6mo) group of Analysis 1, patients demonstrated a

mean post-fusion improvement in total NEM score (0.06+1.00 NEM points),

Last Revised: 1/22/16 Page 13 of 24



motor function (0.03+0.17 NEM points), bladder function (0.06+0.34 NEM points),
and ambulatory function (0.06+0.34 Hoffer points). These same patients
experienced mean post-fusion stability or worsening in sensory function (-

0.03+0.92 NEM points) and bowel function (0.00+0.34 NEM points).

Between the intervention (UT <6 mo) and control (NUT <6 mo) groups of
Analysis 1, there was not a significant difference between the mean post-fusion
changes in the NEM score, the modified Hoffer score, or any of the NEM

parameters (P>0.05).

Functional Outcomes (Analysis 2)

As shown in Table 6, patients in the intervention (UT at any time) group of
Analysis 2 demonstrated a mean post-fusion improvement in total NEM score
(0.24+0.97 NEM points), sensory function (0.16+0.80 NEM points) and bladder
function (0.08+0.40 NEM points). These patients demonstrated mean post-fusion
stability or worsening in motor function (0.00+0.58 NEM points), bowel function

(0.00+0.08 NEM points) and ambulatory function (0.00+0.65 Hoffer points).

In the NUT group of Analysis 2, patients demonstrated a mean post-fusion
improvement in bladder function (0.10+0.45 NEM points) only. These same
patients experienced mean post-fusion stability or worsening in total NEM score

(-0.10+£1.17 NEM points), motor function (0.00+0.00 NEM points), sensory
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function (-0.20+1.06 NEM points), bowel function (0.00+0.00 NEM points), and

ambulatory function (0.00+0.00 Hoffer points).

Between the UT and NUT groups in Analysis 2, there was not a significant
difference between the mean post-fusion changes in the NEM score, the

modified Hoffer score, or any of the NEM parameters (P>0.05).

Discussion:

In some MM patients, progressive scoliosis can be an indicator of clinically
significant spinal cord tethering, and untethering of the cord is warranted when
the goal is to arrest or reverse curve progression, thus avoiding or delaying
corrective spinal surgery. However, for progressive curves greater than 50%,
spinal fusion is generally not avoided with untethering. When there are no other
indicators of spinal cord tethering in a patient with an advanced curve in need of
correction, the question arises as to whether untethering prior to the resultant
increase in spinal column vertical height is warranted. This is based upon the
assumption that additional traction will be placed on the spinal cord, and possibly
lead to new neurologic deficits. The results of this analysis do not demonstrate a
statistically significant clinical benefit to untethering the spinal cord in otherwise
asymptomatic MM patients prior to or during corrective spinal surgery. Patients
with MM who underwent an untethering procedure at the time of or within 6
months prior to having a spinal fusion did not have significantly better or worse

motor, sensory, bladder, bowel or ambulatory functional outcomes than patients
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who did not have an untethering procedure performed in that time frame (Table
5). Further, patients with MM who underwent an untethering procedure anytime
prior to having a scoliosis fusion operation did not demonstrate significantly

better or worse functional outcomes than patients who never had an untethering

procedure (Table 6).

These findings are consistent with the results of a retrospective study
performed by Samdani and colleagues.' They found that no new negative
neurological, urological, motor, or sensory outcomes occurred in a group of 17
patients with MM who had undergone scoliosis corrective surgery, but hadn’t had
a recent untethering operation. Hence, they concluded that untethering the spinal

cord prior to scoliosis corrective surgery may be unnecessary.

Our larger study included both patients that had and had not undergone
an untethering operation for a comparative analysis. Yet, it is still limited by its
retrospective nature and small sample size. An argument could be advanced that
the study did not have enough power to reveal meaningful differences in the

post-fusion functional status between our intervention and control groups.

Another limitation of this study is the use of the NEM and modified Hoffer
scores to quantitatively assess the functional status of patients. Despite being
validated and previously used in the literature, these scores may not be sensitive

enough to quantify small yet meaningful functional changes for patients post-
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operatively. For example, in a patient with a post-fusion decrease in the
frequency in which she must intermittently catheterize, her bladder NEM score
would remain unchanged. Yet, this would represent an improvement in functional
outcome not reflected by the NEM score. Also, in the Boston Children’s Hospital
Center for Spina Bifida and Spinal Cord Conditions, full urodynamic screening
(including sphincter EMG) is now routinely obtained prior to untethering and at
around 3 months following the procedure. But routine pre- and post-spinal fusion
urodynamic studies have not been routinely performed in the past. Thus, subtle,

subclinical changes in bladder or sphincter function might have gone undetected.

Despite these limitations, our results are clinically important in that they
failed to demonstrate any difference in outcome between the two management
strategies. Hence, our study provides no compelling evidence of any benefit to
prophylactic spinal cord untethering in these patients prior to scoliosis surgery.
Although this study might provide equipoise for a carefully designed prospective
multi-institution study with a larger sample size and more sensitive functional
outcome parameters, the practicality of doing a sufficiently powered study in light
of evidence that functional downgrading is unusual with or without untethering

would likely temper enthusiasm.

What might account for the apparently low risk of correcting a significant

curve in the face of a tethered spinal cord in these patients? It might seem that

increasing the vertical height of the spinal column by straightening the curve
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would place increased tension on the caudally anchored spinal cord. However,
unlike the relationship of a bowstring to its bow, the spinal cord has grown in
length along with, and largely follows the curve of, the spinal canal, with the
cervical and thoracic segments of the spinal cord being anchored to the lateral
thecal sac by the dentate ligaments. The effect of the distally tethered placode is
likely limited to the more caudal cord immediately proximal to the point of
tethering. 2 The vertical height of the column may be increased without
significantly increasing the actual length of the spinal canal or the tension on the
distal spinal cord. The latter would be contingent on the degree of actual
intersegmental distraction rather than on the extent of angular curve correction,

which is largely accomplished by translation rather than distraction.

Conclusion:

This retrospective study failed to demonstrate any functional benefit to
prophylactic spinal cord untethering in asymptomatic MM patients prior to
corrective surgery for scoliosis. We found no compelling justification for
prophylactic untethering prior to corrective spinal surgery when there is no other

clinical indication for doing so.
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Tables:

Score Motor Sensation Bladder Anus
1 Wheelchair Skin ulceration Incontinence day and night Incontinence
or amputation
2 Major orthesis Pain Nocturnal incontinence Painful
or two crutches constipation
3 Minor or distal ~ Painless Intermittent Normal
orthesis sensory defect catheterization
4 Fatigue on Normal Dysuria or infections or
walking stress incontinence
5 Normal Normal

Table 1. NEM Scoring Criteria'7

Score Symptom

1
2
3
4

5

Nonambulator

Exercise ambulator (only in therapeutic situations)

Household ambulator (using crutch or brace indoors, wheel-chair outdoors)
Community ambulator (ambulate outdoors w/ or w/o brace, uses wheelchair
for longer distances)

Normal ambulator

Table 2. Modified Hoffer Score Criteria®?2°
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Analysis 1 Group H Analysis 2 Group

: Untethered Not Untethered : : Untethered Never Untethered :
: (<6mo) + Fusion (<6mo) + Fusion : : (anytime) + Fusion (anytime) + Fusion :
Number of patients, n (%) : 10 35 HE 25 20 :
Mean age in years +/- SD i 1452 591 13.97 3.46 i 1413 437 14.05 3.74
Male, n (%) : 1 10% 17 49% 8 32% 10 50%
Race, n (%)
White 9 90% 28 80% 21 84% 16 80%
Black or African Americani 0 0% 1 3% 0 0% 1 5%
Native Hawaiian or Pacifi¢
Islander: 0 0% 1 3% 0 0% 1 5%
Asian 0 0% 1 3% 1 4% 0 0%
Hispanics 0 0% 0 0% 0 0% 0 0%
Othet: 1 10% 4 11% 3 12% 2 10%
Radiographic features, n (%) : :
Syriny 4 40% 20 57% i 13 52% 11 55%
Cyst 3 30% 8 23% Do 7 28% 4 20%
Fatty Filumi 3 30% 10 29% i 7 28% 6 30%
Chiari Malformatiore 9 90% 29 83% I 22 88% 16 80%
Shunt 8 80% 32 91% i 21 84% 19 95%
Mean number of shunt revisions : e
+/-SD {090 1.60 226 3.07 i i 208 3.07 1.80 2.63
Anatomical level of fusion, n (%) : HE
Cervicaf 0 0% 1 3% 1 4% 0 0%
Thoracig 10 100% 35 100% 25 100% 20 100%
Lumbart 9 90% 31 89% Pt 22 88% 18 90%
Sacrak__.......0..60%, . .ceeennn13037%, 0000 0L 00,80% 9.45%...... :
Table 3. Patient Information
s T Ay e ;
Untethered Not Untethered ! Untethered Never Untethered :
: (<émo) + Fusion (<6mo) + Fusion : : (anytime) + Fusion (anytime) + Fusion :
Baseline Disability, n (%) : : : :
Motor Dysfunction (NEM Motor < 5) i 10 100% 32 1% i i 23 92% 19 95%
Sensory Deficit (NEM Sensation < 4) : S 90% 30 86% : : 22 88% 17 85%
Bladder Incontinence (NEM Bladder<5) & 10 100% 35 100% & : 25 100% 20 100%
Bowel Dysfunction (NEM Anus < 3) : 4 40% 20 s7% Pl 13 52% 11 55%
Ambulatory Impairment (Hoffer <5) fennn2.90% 30, 86%,.....0 120 80% ... 19 95%. ..

Table 4. Characterization of Baseline Disability
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Untethered (<6mo) + Fusion P Not Untethered (<6mo) + Fusion

Pre -Op Post-Op cn:::ge +/-SD . Pre-Op Post-Op Cl\i:lae:ge +/-SD P-Value

NEM Score : 7.80 8.00 0.20 132 i 8.31 8.37 0.06 1.00 0.7122
IVIO‘tOI‘; 1.40 1.30 -0.10 0.88 1.49 1.51 0.03 0.17 0.4066
Sensor\,é 2.70 2.80 0.10 0.99 5 2.83 2.80 -0.03 0.92 0.7043
Bladderg 1.40 1.60 0.20 0.63 { 191 1.97 0.06 0.34 0.3450
BOWEE 2.30 2.30 0.00 0.00 :: 2.09 2.09 0.00 0.34 1.0000

Hoffer Score: 2.20 2.00 -0.20 0.79 1.91 1.97 0.06 0.34 0.1341

: Untethered (anytime) + Fusion © Never Untethered (anytime) + Fusion
Pre -Op Post-Op Cnr?::;e +/-SD Pre-Op Post-Op Cl\l:lae:ge +/-SD P-Value
NEM Score E 8.32 8.56 0.24 097 8.05 7.95 -0.10 1.17 0.2912
I\/Iotor; 1.60 1.60 0.00 0.58 : 1.30 1.30 0.00 0.00 1.0000
Sensory. 2.76 2.92 0.16 080 :  2.85 265  -020  1.06 0.2000
Bladder§ 1.76 1.84 0.08 0.40 : 1.85 1.95 0.10 0.45 0.8751
Bowet 2.20 2.20 0.00 0.08 2.05 2.05 0.00 0.00 1.0000
Hoffer Score : 2.28 2.28 0.00 0.65 5 : 1.60 1.60 0.00 0.00 1.0000

Table 6. Analysis 2 Mean Functional Outcome Score Change Post-Fusion
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Figures:

-
Patients retrospectively selected
from Children’s Hospital Boston

Patient Population

Sampled
between 1990 - 2011
n=74 -
-
Met Eligibility Inclusion criteria: MM diagnosis,
e - asymptomatic, no prior scoliosis
Criteria surgery, complete f/u data

n=45

2" Analysis Analysis 2
(includes all pts)

Analysis 1
UT within 6 months

UT anytime in hx

Untethered Control
(UT anytime) (Never UT)

Untethered Control

(UT <6 months) (No UT <6 months)

Figure 1. Study Design
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