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Abstract.

PURPOSE: This study aimed to describe outcomes of motor function with a special focus on ambulation ability at 36 months

among children with open prenatal repair of spina bifida aperta (SB).

METHODS: A prospective cohort study was conducted including 87 patients with open prenatal repair of SB at the inves-

tigating center born between 2010 and 2018. Anatomic lesion level and motor function level in the neonatal period, as well

as motor function level, ambulation status, and use of orthotics and assistive devices at 36 months were assessed.

RESULTS: At 36 months, ambulation was assessed in 86 children; of those, 86% (n = 74) were ambulating. Independent of

ambulation, orthotics were worn in 81.6% (71/87) and assistive devices in 47.1% (41/87). Children with a lower lumbar or

sacral motor function level were the first to reach independent ambulation and were more likely to ambulate at 36 months

than children with higher motor function levels (p = < .001). The anatomic lesion level determined on the neonatal MRI

correlated with ambulation status at 36 months (p = < 0.001).

CONCLUSION: At 36 months, most children with open prenatal repair for SB showed favourable ambulation status.

However, most still used assistive devices or orthotics. Anatomic lesion level on neonatal MRI, motor function level during

the neonatal period, and motor function level at 36 months were associated with ambulation status at 36 months.
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What this paper adds

• Maintaining standardized, long-term multidis-

ciplinary care and collecting and reporting

outcome data for prenatal spina bifida repair can

be achieved in a non-trial setting outside of the

United States.
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• Ambulation status at 36 months in a non-trial

setting is comparable to the benchmark MOMS

(Management of Myelomeningocele Study) and

MOMS2 trials.

• Most children with prenatal spina bifida repair

require assistive devices or orthotics for mobil-

ity.

• Anatomic lesion level in the neonatal MRI is

associated with ambulation status at 36 months.

1. Introduction

Spina bifida aperta (SB) is a severe congenital

malformation characterized by incomplete closure of

the neural tube and extrusion of the non-neurulated

spinal cord through defects in the vertebral arches

[1–3]. Depending on the level of the defect, SB

leads to variable degrees of lifelong physical disabil-

ities including motor and sensory deficits, which are

usually below the level of lesion, causing limb weak-

ness or paralysis, orthopaedic abnormalities, faecal

and urinary incontinence and variable cognitive

impairment [1, 4]. Initially, neurologic deficits and

neurogenic problems associated with SB were gener-

ally thought to result solely from non-neurulation [5,

6]. However, with ongoing gestation, the neural tis-

sue is increasingly exposed to trauma and neurotoxic

elements of the amniotic fluids and is progressively

damaged during pregnancy [6–8]. Furthermore, the

neural tube defect allows leakage of cerebrospinal

fluid (CSF), predisposing the fetus to the development

of hindbrain herniation, one component of the Chiari

II malformation that, in turn, may hinder CSF circu-

lation and cause hydrocephalus [3, 9]. These findings

support the two-hit pathogenesis of SB, postulating

that besides the non-neurulation, i.e., the first mal-

formative hit, there is a second, i.e., functional, hit

consisting of progressive toxic and mechanical dam-

age of the developing neurologic tissue in utero [7,

10].

The Management of Myelomeningocele Study

(MOMS) showed significantly better results in the

open prenatal versus postnatal repair group: lower

shunt rate, improved neuromotor function, and an

increased likelihood of independent ambulation at

30 months [4]. Despite maternal and fetal risks, this

milestone trial established open prenatal repair as a

viable option for a select group of patients with SB

[4, 11, 12].

Even with increased knowledge on pathogene-

sis and improved treatment methods, SB continues

to be a major cause of chronic disability, affecting

4.6/10,000 births in Europe [1, 13, 14]. Management

is complex and requires multidisciplinary treatment

[13].

The investigating center offers open prenatal repair

of SB as a standard procedure and its cohort is

amongst the largest worldwide. It offers compre-

hensive postnatal care from birth until transition to

adult care. Previous outcome studies from this center

have shown the comparability of its results with the

MOMS trial [11, 15]. As of 30 June 2022, 188 patients

had undergone prenatal SB repair in this center.

This current analysis focused on the motor func-

tion outcomes at 36 months of age following prenatal

SB repair. Previous studies have shown that most

children achieve ambulation, with a varying degree

of orthotics use, but findings imply that some motor

delay must be expected, even for children with low

anatomic or motor function lesion levels [4, 16]. This

study also aimed to identify predictors of ambula-

tion status such as anatomic lesion levels and motor

function level. Increased knowledge on this subject

might help predict the motor function outcomes of

patients, thereby improving treatment planning for

each individual and possibly for expecting parents.

2. Methods

2.1. Population

All children with prenatal SB repair born from

2011 on are prospectively enrolled in a cohort study

and data is prospectively entered in REDCap pro-

vided by the Clinical Trial Center of the University

Hospital. The current analysis included children born

between March 2011 and December 2018. Children

who had been seen at the investigating center for

their 36-month comprehensive follow-up visit by

December 2021 were included. Data for the 36-month

follow-up was extracted from medical reports from

other centers for two patients.

2.2. Outcome assessment

All patients underwent standard baseline neonatal

diagnostic workup with extensive follow-up visits (3,

6, 12, 18, and 24 months corrected age, and 36 months

of age) at the investigating center. Motor milestones

were examined by a small team of experienced pae-

diatric neurologists and rehabilitation specialists.
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Muscle strength was graded according to the Med-

ical Research Council (MRC) Scale for Muscle

Strength [17] (used with the permission of the MRC)

by manual testing on a 0 to 5 graded scale as follows:

(M0) no spontaneous muscle contraction, (M1) trace

of contraction, (M2) movement without gravity, (M3)

active movement against gravity, (M4) active move-

ment against resistance, and (M5) normal strength.

Motor function level was defined as the lowest

myotome with full muscle strength (strength of M5)

in the lower extremities. Any muscle function below

that (M1-M4) was considered motor partial inner-

vation below the motor function level according to

the standard neurological examination of spinal cord

injury [18]. In case of an asymmetrical level of paraly-

sis or partial innervation, the poorer side was defining.

In this study, the motor function level in the neona-

tal period and at 36 months were included. At 36

months, most of the children could actively partici-

pate in the strength assessment; therefore, the motor

function level at 36 months was seen to be more accu-

rate in comparison to earlier assessments. Anatomic

SB lesion level was determined using spinal magnetic

resonance imaging (MRI) during the neonatal period

and was defined as the most cranial level of bone

defect (first dysraphic vertebra). To clearly differ-

entiate between anatomic and motor function level,

different wording was chosen such as thoracic (Th),

lumbar (L), or sacral (S) for motor function level

and thoracic vertebral body (TVB), lumbar (LVB),

or sacral (SVB) for anatomic lesion level.

For comparison purposes, patients were grouped

into ambulators (those walking with or without

orthotics or assistive devices) and non-ambulators.

For more detail, ambulation status was further divided

into three groups according to how the children would

predominantly function in everyday life: walking

without any aids, walking with orthotics and/or assis-

tive devices, or not being able to walk.

2.3. Statistical analysis

All statistical analyses were performed using stan-

dard statistical software (IBM SPSS v28.0, IBM

Corp.). Univariate descriptive analysis was per-

formed for demographic and clinical characteristics,

and results were presented as median and interquar-

tile range (IQR) or as numbers and percentages.

Comparisons between groups for continuous vari-

ables were performed using Mann-Whitney U tests

as variables were non-normally distributed. Com-

parisons of categorical variables were assessed

using Fischer’s exact test. Correlation between the

motor function level at birth and at 36 months

was performed using Spearman correlation. Sta-

tistically significant differences were defined by p

values < 0.05.

2.4. Ethics and informed consent

The study was approved by the ethical committee

of the Canton of Zurich (KEK-ZH No. 2021-01101).

Written informed consent was obtained from all par-

ents or legal guardians before participation in the

study.

3. Results

3.1. Study population and baseline

characteristics

From 20 December 2010 to 1 October 2018, 97

children underwent prenatal SB repair at this center.

Of those 97 patients, three were excluded: one each

due to refusal of consent, neonatal death, and prena-

tal surgery of a non-SB lesion. Of the remaining 94

patients, four were lost to follow-up and three had a

delayed 36-month follow-up due to the SARS-CoV-

2 pandemic. Thus, the study population consisted of

87 children (follow-up rate: 92.6%). The median age

at follow-up was 2.9 years (IQR 0.1 years). Patient

characteristics (n = 87) are presented in Table 1. In

this cohort, 66.7% (58/87) were born prematurely

(defined as a birth below a gestational age of 37

weeks).

3.2. Motor function level

At the age of 36 months, motor function level could

not be assessed in four children (4.6%, 4/87): one

each due to lower limb casting, compliance, increased

lower limb muscle tone, and external reporting. Of

those who could be assessed, 44.6% of the patients

had a motor function level of L4 (37/83) while 12.0%

(10/83) showed a higher level and 43.4% (36/83) a

lower level. Partial innervation was present in 90.4%

(75/83) of patients, thereof 92.0% (69/75) reaching

level S1 or lower.

3.3. Ambulation status

Ambulation status at 36 months was available for

86 patients and unclear for one patient due to a com-
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Table 1

Overview of the characteristics of the cohort of 87 patients after open prenatal SB repair

Parameter Value

Country of Residence, no. (%) Germany: 26 (29.9%)

Switzerland: 23 (26.4%)

Austria: 13 (14.9%)

Russian Federation: 8 (9.2%)

France: 7 (8.0%)

Slovakia: 5 (5.7%)

Other: 5 (5.7%)

Clinical characteristics

Gestational age at prenatal surgery (weeks) 25.0 (IQR 1.1)

Gestational age at birth (weeks) 36.1 (IQR 2.3)

Birth weight (g) 2630 (IQR 470)

Female sex, no. (%) 49 (56.3%)

CSF diversion, no. (%) 38 (43.7%)

Age at CSF diversion placement (months) 5 (IQR 7.75)

- Type of CSF diversion

- ETV, no. (%) 12 (31.6%)

- VP shunt, no. (%) 26 (68.4%)

Values expressed as median and interquartile range (IQR) or as number (%).

CSF = cerebrospinal fluid, ETV = endoscopic third ventriculostomy, g = grams,

no.=number, VP shunt = ventriculoperitoneal shunt.

Fig. 1. Detailed classification of ambulation status according to

motor function level at 36 months.

plicated orthopaedic course. Investigation showed

that 86.0% (74/86) of all children were walking,

24.4% (21/86) were ambulating without any aids,

61.6% (53/86) were dependent on orthotics or assis-

tive devices for ambulation, and 14.0% (12/86) were

not able to walk.

A lower motor function level was associated with a

higher rate of ambulation at 36 months (Th12/L2 0%,

L3 37.5%, L4 88.9%, L5 or S1 100%; p < .001). All

21 patients with a L5 or sacral level were ambulating

(Fig. 1).

3.4. Variables associated with ambulation at 36

months

Table 2 presents demographic and medical vari-

ables in relation to ambulation status at 36 months.

CSF diversion was associated with poorer ambula-

tion. Anatomic lesion level of neonatal MRI, motor

function level during the neonatal period, and motor

function level at 36 months were associated with

ambulation at 36 months.

3.5. Age at onset of walking and motor function

level

Age at onset of walking for those children who

were ambulatory at 36 months ranged from 12 months

(one child with motor function level L5) to 36 months

(see Fig. 2). When stratified according to motor func-

tion level, 75.0% (27/36) with a level of L5–S1 were

walking by 24 months and 100% by 36 months. In

comparison, 34.8% (16/46) with a level of L2–L4

were walking by 24 months and 76.1% (35/46) by 36

months, respectively (p < .001).

3.6. Orthotics, assistive devices and physical

therapy

At the age of 36 months, 81.6% (71/87) of all

children wore orthotics for walking, standing, or

the prevention of foot deformities. Thirty-six point

eight percent (32/87) used ankle-foot orthoses, fol-

lowed by supramalleolar orthoses in 14.9% (13/87),

foot orthoses in 12.6% (11/87), and higher level of

orthotic support including knee and hip orthoses in

4.6% (4/87). Additional upper body support (scolio-

sis brace) was needed for 2.3% (2/87), and 20.7%
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Table 2

Variables associated with ambulation at 36 months

Variable Ambulators Non-ambulators p-value

(n = 74) (n = 12)

Gestational age at birth (weeks) Median 36.1 Median 36.2 0.288

(IQR 2.1) (IQR 2.1)

Birth weight (g) Median 2670 Median 2630 0.450

(IQR 488) (IQR 515)

Head circumference at birth (cm) 34.1 (IQR 3) 35 (IQR 6) 0.303

Female sex, no. (%) 40 (54.1%) 8 (66.7%) 0.632

CSF diversion, no. (%) 27 (37%) 10 (83.3%) 0.002

Anatomic lesion level neonatal MRI (no.) TVB10 : 0 TVB10 : 2 <0.001

TVB12 : 2 TVB12 : 0

LVB1 : 0 LVB1 : 2

LVB2 : 2 LVB2 : 1

LVB3 : 9 LVB3 : 2

LVB4 : 16 LVB4 : 3

LVB5 : 29 LVB5 : 1

SVB1 : 16 SVB1 : 0

Unknown: 0 Unknown: 1

Motor function level neonatal (no.) L3 : 3 L3 : 2 0.010

L4 : 24 L4 : 5

L5 : 40 L5 : 2

S1 : 4 S1 : 1

Unknown: 3 Unknown: 2

Motor function level 36 months (no.) Th12 : 0 Th12 : 1 <0.001

L2 : 0 L2 : 1

L3 : 3 L3 : 5

L4 : 32 L4 : 4

L5 : 33 L5 : 0

S1 : 3 S1 : 0

Unknown: 3 Unknown: 1

Comparison of variables associated with ambulation at 36 months. Ambulation status missing

n = 1. Cm = centimeters, CSF diversion = cerebrospinal fluid diversion, IQR = interquartile range,

g = grams, no.=number, TVB = thoracic vertebral body, LVB = lumbar vertebral body, SVB = sacral

vertebral body, Th = thoracic, L = lumbar, S = sacral.

(18/87) required further types of orthotics for sup-

port (such as SWASH orthosis, orthopedic shoes, or

stabilizing pressure input orthosis).

When stratified according to motor function level,

orthotics were worn by 100% (1/1) of children with

Th12 and L2, 75.0% (6/8) with L3, 94.6% (35/37)

with L4, 72.7% (24/33) with L5, 33.3% (1/3) with

S1, and 75.0% (3/4) with an unknown motor function

level (p = 0.029). Orthotics were first documented at

the corrected age of 12 months in 25.3% (22/87). With

increasing age, more children used orthotics: 43.7%

(38/87) at 18 months, 69% (60/87) at 24 months, and

81.6% (71/87) at 36 months.

Overall, assistive devices for mobility (wheelchair,

walker, or stroller) were used by 47.1% (41/87).

At 36 months, 14.9% (13/87) had been pro-

vided with a personalized manual wheelchair and

27.6% (24/87) with a walker; 46.2% (6/13) were

solely dependent on their wheelchair for mobil-

ity; 53.8% (7/13) were wheelchair dependent for

longer distances; and 10.6% (5/47) required a com-

Fig. 2. Age at onset of walking stratified by motor function level

at 36 months. n = 82 due to four missing motor function levels at

36 months and one unknown age at onset of walking.

bination of wheelchair, walker, and/or crutches for

mobility.

At the adjusted age of three months, 82.8% had

already started physical therapy with this percentage

increasing to 90.8% (79/87) by 36 months.
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Table 3

Comparison between motor function level and anatomic lesion level

Comparison of motor function level with

anatomic lesion level, n = 86

Anatomic

lesion level

Anatomic

lesion level

TVB10-LVB3 LVB4-SVB1

Motor level 2 levels worse than anatomic

level

0 (0) 6 (9.1)

Motor level 1 level worse than anatomic level 0 (0) 25 (37.9)

Motor level = anatomic level 2 (10) 28 (42.4)

Motor level 1 level better than anatomic level 6 (30) 3 (4.5)

Motor level ≥ 2 levels better than anatomic

level

11 (55) 1 (1.5)

Unknown motor level 1 (5) 3 (4.5)

Total 20 (100) 66 (100)

Comparison between motor function level at 36 months and anatomic lesion level of neonatal

MRI, values expressed as number (%). Percentages may not total 100 due to rounding. Data of

neonatal MRI was missing for one child (n = 1). TVB = thoracic vertebral body, LVB = lumbar

vertebral body, SVB = sacral vertebral body.

3.7. Comparison of anatomic lesion levels and

motor function levels

Comparing the motor function level at 36 months

with the anatomic lesion level determined in the

neonatal MRI (Table 3), the motor function level was

higher (i.e., worse = level loss) in 35.6% (31/87, range

1–2 levels) of cases, lower (i.e., better = level gain)

in 24.1% (21/87, range 1–6 levels), and equal to the

anatomic lesion level in 34.5% (30/87). As seen in

Table 3, when grouped according to anatomic lesion

level into high-level (TVB10-LVB3) and low-level

(LVB4-SVB1) lesions, all children with high-level

anatomic lesions (n = 20) demonstrated same or lower

motor function levels ( = level gain) at 36 months.

However, those with low-level anatomic lesions

(n = 66) often showed worse motor function levels

(i.e., level loss). To detail this further, 20% (5/20) with

anatomic lesion level LVB4, 40% (12/30) of LVB5,

and 87.5% (14/16) of SVB1 showed level loss.

Motor function level during the neonatal period

was associated with the motor function level at 36

months (p < 0.001), as well as ambulation status at

36 months (p = 0.01, Table 2).

4. Discussion

Prenatal surgery has become the standard of care

for the treatment of SB for qualifying patients

[11, 15]. This cohort of children after prenatal SB

repair is amongst the largest worldwide. In 2014,

the “Fetal Myelomeningocele Maternal-Fetal Man-

agement Task Force” composed a position paper,

outlining six key areas of importance for teams per-

forming in utero prenatal SB repair [19]. These key

areas include establishing criteria for fetal therapy

centers, providing fetal myelomeningocele repair and

perioperative management to secure optimal mater-

nal and pediatric outcomes, ensuring long term care

as well as regular counselling, commitment to out-

come reporting and monitoring, as well as ensuring

access to treatment [19].

This study reported and monitored outcomes from

the 36-month follow-up. The results provide crucial

information for counselling expecting parents, set-

ting realistic outcome expectations, and improving

the accuracy of treatment planning in the postnatal

clinical setting.

Independence in mobility has been shown to be a

key determinant for health-related quality of life in

children with SB, promoting mobility and active par-

ticipation in community activities [20]. Furthermore,

negative effects of non-walking such as bone dem-

ineralization, decubital ulcers, and social isolation

can be prevented [21]. Knowledge of the develop-

ment of ambulation ability can help tailor treatment

planning for rehabilitation specialists and physical

therapists and will provide information for optimal

parental counselling in the pre- and postnatal setting.

When assessing ambulation ability at the age of

36 months, the majority (86%) of children after pre-

natal repair were walking (61.6% with and 24.4%

without orthotics or assistive devices). Comparably,

in the benchmark MOMS trial, 71% of the children

were walking (29% with and 42% without orthotics
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or assistive devices) at 30 months [4]. In a follow-

up assessment of the MOMS trial (MOMS2) at a

mean age of 7.5 years, Houtrow et al. [16] identi-

fied 90.8% as walkers in the prenatal repair group. In

comparison, in the postnatal SB repair group, only

71.8% were walkers at the school-age follow-up.

Their results demonstrated that ambulation devel-

opment persists into school age, underlining the

beneficial outcome of prenatal repair for spina bifida,

and is a promising perspective for patients concern-

ing ambulation. The investigating center is dedicated

to following this cohort and their clinical course and

to collecting and reporting data accordingly.

Motor function level and corresponding muscle

strength are important factors for attaining and main-

taining ambulation [20, 21]. The motor function

level was defined as the lowest myotome with full

muscle strength (i.e., strength of M5) and any mus-

cle function below that (M1-M4) was considered

partial innervation. This strict criteria of defining

motor function level including information on partial

innervation was chosen to allow for differentiation

between the various levels of motor function. As no

single classification system for defining motor func-

tion level has yet prevailed in the literature [16, 22,

23], there is a lack of uniform assessment for motor

function in SB, which limits comparison of results

between studies. This difficulty is undermined by the

forthgoing efforts to find a common classification

system, as reported by Dias et al. in 2021 [24]. In com-

parison to the Broughton classification applied by

Houtrow et al. in the MOMS2 study [16], the classifi-

cation system applied here was stricter. For example,

the Broughton classification defines S2 level as 3–5/5

muscle strength in the plantar flexors [25]. The crite-

ria applied in this study required 5/5 muscle grade of

the plantar flexors for motor function S1 level. Partial

strength of the plantar flexors would have resulted in

a motor function level of L5 or higher.

Besides the association between the motor func-

tion level and ambulation status, the need for CSF

diversion negatively correlated with ambulation sta-

tus [26]. A possible explanation for this finding is

that ventricular distention during brain development

may injure or alter the corticospinal pathways with

greater involvement of the lower extremities due to

the longer course of the paracentral leg fibres [27].

In this study, the developmental aspect of mobil-

ity was also described. Children with a lower motor

function level, and therefore better muscle function

in the lower limbs, were ambulating earlier. Walking

was first observed at the follow-up at the corrected

age of 12 months. However, evaluation of walking

ability showed a delay compared to typically devel-

oping children. In Switzerland, a longitudinal cohort

study consisting of 220 normally developing children

showed that 80% were already walking indepen-

dently between 10.5 and 16 months of age compared

to 85.1% of patients with prenatal SB repair walk-

ing at 36 months [28]. Clinical experience has shown

that counselling parents regarding ambulation and its

often delayed onset for their child must be thorough

and timely. Therefore, it is important to present realis-

tic level-dependent data that can be used as guidance

for parental and caregiver counselling.

This study also highlighted the importance of

orthotic management. Early orthotic management

and physical therapy are important to support the

development of physical functioning and motor

potential and should have a positive effect on

achieving and maintaining later mobility, as well

as preventing secondary structural deformities dur-

ing growth [29]. Children with SB benefit from

early orthotic provisions to compensate for weak-

ness and instability and promote ambulation. Despite

the improved motor function after prenatal SB repair,

most of the ambulating children in this study still

required assistive devices or orthotics for mobility.

Approximately 24% ambulated without the need for

bracing or devices. Over half of the children ambu-

lated at the age of 36 months with free use of their

hands, because they walked either completely inde-

pendently or with orthotics but did not require a

walker or wheelchair for mobility. The free use of

hands allows greater freedom and independence in

performing everyday tasks and encourages social

interaction with other children. Physical therapy was

usually initiated, often at an early age. At 36 months,

only three children had never had physical therapy in

the outpatient setting. The type, for example Bobath

or Vojta, and frequency of physical therapy adminis-

tered varied greatly since children in this cohort came

from Russia and various countries across Europe.

The first motor function level after birth is deter-

mined during the neonatal period and is expected to

be a predictor of motor function outcome. The motor

function level after birth was associated with ambu-

lation status at the age of 36 months. However, it

must be noted that it is challenging to determine a

reliable motor function level in newborns, as dif-

ferentiation between voluntary motor function and

reflexive movements is demanding. In this study,

the anatomic lesion level determined in the neonatal

MRI was also associated with ambulation outcome.
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Importantly, the results of the prenatal MRI were not

included. A previous study from this center showed

that prenatal imaging using ultrasound or MRI for

determining anatomic lesion level predicted neona-

tal anatomical level within one level margin of error,

more likely predicting a higher lesion level [30].

Therefore, caution must be taken when predicting

outcomes of motor function based on anatomic lesion

levels in the prenatal MRI. In this study, the anatomic

lesion level was defined using the neonatal MRI. On

the other hand, both the MOMS and MOMS2 trials

determined the anatomic lesion level using x-ray of

the spine at the age of 12 months [4, 16]. The aim was

to define possible prognostic factors for outcome on

motor function at 36 months and beyond; therefore,

the focus was placed on precise imaging using the

neonatal MRI.

Still, caution must be taken in predicting outcomes

on motor function based solely on anatomical lesion

levels. In looking closer at the results of the neona-

tal MRI, children with a high-level anatomic lesion

more frequently had motor function levels that were

better than their anatomic lesion level (i.e., level

gain), whereas those with low-level anatomic lesions

were less likely to have motor function levels better

than their anatomic lesion level (i.e., level loss). In

this study population, the majority of children with

a lesion level of SVB1 (87.5%, 14/16) alarmingly

showed worse than predicted motor function levels

(level loss). The reason is not entirely clear. On one

hand, a motor function level of S1 was only assigned

when the plantar flexors and hip extensors showed full

muscle strength (M5). This constellation of clinical

findings is rare due to the nature of the neural defect.

Other factors need to be evaluated, such as the effect

of size and type of lesion (myelomeningocele ver-

sus myeloschisis) on motor function outcome. This

finding should be taken into account during prena-

tal counselling. Further investigation of the causes of

level loss is necessary.

Over the past years, continual progress has been

made in the treatment of patients undergoing pre-

natal surgery for SB. Nevertheless, SB continues

to be a major cause of chronic disability requiring

multidisciplinary treatment and there is still only

limited information about the long-term ambulation

prognosis. This study provided an overview of cur-

rent level-dependent outcomes of motor function

of children at the age of 36 months after prena-

tal SB repair in a non-trial setting outside of the

United States. These results can be used as guid-

ance for caregivers for realistic outcomes of motor

function, to help tailor rehabilitative efforts, as well

as to convey expectations for parents and care-

givers. The onset of ambulation usually started by

the end of the second year of life and continued

until most children were ambulatory at the age of 36

months. Despite the improved motor function after

prenatal SB repair, most ambulating children still

required assistive devices or orthotics for mobility.

These findings accentuate the uncertainty and diffi-

culty in precise prediction of motor function outcome

along with the challenges in comparison of findings

between centers. They also affirm the importance

of long-term care by a stable, experienced clinical

team. Further investigations should continue to eval-

uate predictors and whether these findings are stable

during adolescence, early adulthood, and beyond.

5. Limitations & strengths

There were several limitations of this study. A post-

natal comparison group would have been helpful.

However, due to the small number of patients under-

going postnatal repair for SB at this center (n = 19

since 2011) with divergent inclusion and comparison

criteria (such as syndromic disease or maternal fac-

tors), a real control group could not be established.

Importantly, based on the favourable outcomes of

prenatal repair for SB reported in the MOMS and

MOMS2 benchmark trials, a randomized controlled

trial is no longer justifiable [4, 16].

Furthermore, due to differences in functional level

assessment throughout the literature, outcome com-

parisons were limited. Efforts are ongoing to reach

a consensus. The center’s extensive databank allows

for further analysis and contribution to these efforts.

Patients’ origins were limited to Europe and

Russia. Results may differ in other ethnic groups,

especially as larger studies in the US have shown

that Hispanics have a higher SB prevalence compared

with non-Hispanic whites [31].

Due to the young age at follow-up, further long-

term re-evaluations will be necessary for more

detailed conclusions regarding the developmental tra-

jectories of ambulation status during growth. Correct

assessment of the motor function level can be chal-

lenging and therefore imprecise in young children

and is prone to subjectivity. Due to inhomogeneous

distribution of ambulation status at 36 months result-

ing in small groups, statistical testing could not be

performed to determine possible predictors of ambu-

lation outcome at 36 months.
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All of the children in this study underwent standard

baseline diagnostic workup with extensive follow-up

appointments and data was collected on a regular

basis. Motor function levels and the developmental

progress of each individual were closely monitored

over time, enabling a precise description of this

patient cohort. Using pre- and neonatal MRI allowed

for accurate determination of anatomical lesion level

compared to the x-ray of the spine used in the MOMS

trial [4]. This commitment to collecting extensive

data paves the way for substantial contributions to

future research on prenatal SB repair and long-term

outcomes, especially to define prenatal prognostic

factors for favourable outcomes.

6. Conclusion

At 36 months, most children with open prenatal

repair for SB showed favourable ambulation sta-

tus. However, most still required assistive devices

or orthotics. Anatomic lesion level of neonatal MRI,

motor function level during the neonatal period, and

motor function level at 36 months were associated

with ambulation status at 36 months. Reliable pre-

dictors of long-term motor function outcome are still

being determined.
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