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STRESZCZENIE

Wstep. Przepuklina oponowo-rdzeniowa jest jedna z gtéwnych
przyczyn niepetnosprawnos$ci ruchowej u dzieci. W zalezno$ci
od poziomu uszkodzenia neurosegmentu rdzenia kregowego
powoduje ona réznego stopnia porazenia lub niedowtady kon-
czyn dolnych, nietrzymanie moczu i stolca oraz deformacje
konczyn i kregostupa. U wiekszo$ci dzieci urodzonych z prze-
pukling oponowo-rdzeniowa rozwija sie takze wodogtowie, a
takze towarzyszace wady mdzgowia, ktére w znacznym stopniu
wptywajg na codzienne funkcjonowanie chorych oraz uzyskanie
niezalezno$ci w zakresie mobilno$ci oraz samoobstugi. Celem
pracy byta ocena mozliwosci chodu u chorych z przepukling
oponowo-rdzeniowq i identyfikacja czynnikéw wptywajacych
na osiagniecie chodu funkcjonalnego. Material i metody.
Materiat badawczy stanowity 44 osoby urodzone z przepukling
oponowo-rdzeniowg w wieku od 2 do 18 lat. Badania przepro-
wadzono z wykorzystaniem kwestionariusza sktadajgcego sie z
pytan zamknietych. Kwestionariusze zostaty wypetnione przez
rodzicow dzieci urodzonych z przepukling oponowo-rdzeniowa,
ktorzy zostali zrekrutowani droga elektroniczng (e-mail) oraz za
posrednictwem Fundacji Aktywnej Rehabilitacji. Wyniki. Wigk-
sz0$¢ chorych poruszata sie na wdzku (55%), 25% byto zdolnych
do chodu samodzielnego. Pozostali chodzili po domu lub byli
zdolni jedynie do chodu niefunkcjonalnego. Wyzszy funkcjonal-
nie poziom chodu osiggneli chorzy z nizsza lokalizacjg przepu-
kliny oraz bez zaburzen réwnowagi. Dzieci z nizszym poziomem
uszkodzenia rdzenia byli tez cze$ciej pionizowani. Whnioski.
Dzieci z przepukling oponowo-rdzeniowa majg problem z uzy-
skaniem niezaleznosci funkcjonalnej w zakresie lokomocji:
wigkszo$¢ porusza sie na wdzku inwalidzkim. Na osiggniecie
niezalezno$ci w zakresie lokomocji majg wptyw: poziom uszko-
dzenia rdzenia i zaburzenia réwnowagi w siadzie.

Stowa kluczowe: przepuklina oponowo-rdzeniowa, ogranicze-
nie mobilnosci, jako$¢ zycia

ABSTRACT

Introduction. Myelomeningocele is a major cause of physical
disability in children. Depending on the level of spinal cord lesion
it causes varying degrees of paralysis or paresis of the lower
limbs, incontinence, and deformities of the limbs and spine.
Most children born with myelomeningocele also develop hydro-
cephalus and associated defects of the brain which greatly
affect their daily functioning and achieving independence in
mobility and self-care. The aim of this study was to evaluate
the possibility of gait in patients with myelomeningocele and
to identify factors affecting the achievement of functional gait.
Material and methods. Material consisted of 44 children born
with myelomeningocele aged from 2 to 18 years. The study
was performed with a questionnaire consisting of closed ques-
tions. Study was conducted among parents of children born
with myelomeningocele and recruited by electronic means
(e-mail) and through the Foundation for Active Rehabilitation.
Results. Most patients (55%) moved in the wheelchair and 25%
were able to community ambulation. Others were household
ambulators or were able only to a nonfunctional ambulation.
The higher level of functional ambulation was achieved by
patients with a lower location of myelomeningocele and with-
out balance disorders. Children with lower levels of spinal cord
lesion were also more often verticalized. Conclusions. Children
with myelomeningocele have a problem with gaining functional
independence in the field of locomotion; most of them move in
a wheelchair. Achieving independence in locomotion is influ-
enced by the level of spinal cord lesion and balance disorder
in the sitting.

Key words: myelomeningocele, mobility limitation, quality of
life

INTRODUCTION AND AIM

Myelomeningocele is a congenital malformation in which
there was a failure to fuse one or more of the vertebrae arcs
with associated herniation of spinal meninges along with
the spinal cord and nerve roots beyond the spinal canal [1].
About 80-90% patients with myelomeningocele develop
hydrocephalus, which chance of occurrence increases with
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the level of spinal lesion [2, 3]. Enlargement of cerebral ven-
tricles occurs in 95% of children with Chiari II malforma-
tion, of which 85% require shunt implantation. The cause
of hydrocephalus in these patients is upward herniation of
cerebellar vermis to abnormally developed tentorial notch
and secondary cerebral aqueduct stenosis [4]. The majority
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of patients with myelomeningocele accompanied by hydro-
cephalus have additional cerebral malformations: partial
or complete agenesis of the corpus callosum, absence of a
septum pellucidum, increased interthalamic adhesion, col-
pocephaly, dysgyria and cerebellar and brainstem hypopla-
sia [5] as well as abnormalities of white matter pathways,
mostly fornix and cingulated gyrus [6], which influence the
development of cognitive and functional capabilities.

Depending on the level of spinal cord defect, neuroseg-
ment lesion results in paresis of the lower limbs, urinary
and bowel incontinence, lack of sensation of skin, as well
as deformity of hip, knee and foot [7].

Virtually all children with surgically closed open
myelomeningocele suffer anchoring of the spinal cord
to the dura mater, which in magnetic resonance imaging
scans reveals as low-lying spinal cord. About 10 to 30%
of them develop tethered spinal cord syndrome [8] charac-
terized by a gradual increase of the following symptoms:
muscle weakness of the lower limbs, gait disturbance,
radicular pain, deformations of the foot, scoliosis, as well
as sphincter dysfunction and spastic paresis of lower limbs
[9, 10]. Progressive limb spasticity and scoliosis may be
the result of hydromyelia present in 20 to 60% of patients
with myelomeningocele [11], as well as syringomyelia
observed in various studies in 11 to 77% of patients [12].

Because of the paresis below the level of spinal cord
lesion, as well as of accompanying defects, children with
myelomeningocele have trouble with reaching indepen-
dent gate.

According to classification of Hoffer et al., [13] patients
with myelomeningocele can be classified into one of four
functional levels of ambulation:

1. Community ambulators — walking with the aid of

crutches or other devices for most of their activ-
ity, overcoming different types of surfaces, using a
wheelchair only for long distances.
2. Household ambulators — walking only indoors
using orthotics and gait aides; capable to sit in
a chair and move onto the bed with a little help;
using a wheelchair for certain activities at home
and school and for all outdoor and community
activities.
3. Non-functional ambulators — walking only during
therapy session at home, school or hospital; using
a wheelchair for most locomotion needs.

4. Non-ambulators — moving only in a wheelchair;
usually capable to move from wheelchair to bed
[13].

The aim of this study was to evaluate the possibility of
gait in patients with myelomeningocele and to identify fac-
tors affecting the achievement of functional gait.

MATERIAL AND METHODS

The study included 44 children born with myelomeningo-
cele, 21 boys (48%) and 23 girls (52%) aged from 2 to 18
years (mean age 8.74 years). Characteristics of the study
group are shown in Tab I.
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Table I. Characteristics of the study group (n = 44)

Characteristics n (%)
Level of myelomeningocele

Lumbosacral 31 (71%)
Lumbar 1(2%)
Thoracolumbar 12 (27%)
The coexistence of hydrocephalus

Hydrocephalus treated by shunt system 38 (86%)
Not treated hydrocephalus 1(2%)
Without hydrocephalus 5(12%)
History of shunt infection

Present 13 (34%)
None 25 (66%)
History of shunt revision

None 12 (32%)
Once 14 (37%)
Twice 2 (5%)
Multiple 10 (26%)
Coexistence of Chiari Il malformation

Present 25 (57%)
Absent 17 (39%)
Lack of knowledge 2 (4%)
The presence of lower limbs deformations

Bilateral dislocation of the hip 12 (27%)
Unilateral dislocation of the hip 12 (27%)
Contractures of the hip joints 10 (23%)
Contractures of the knee joint 23 (52%)
Foot deformities 32 (73%)
Without deformations 3 (7%)
Number of orthopedic surgeries

None 20 (45%)
One 7(16%)
Two 7(16%)
Three and more 10 (23%)
The presence of imbalance

None 13 (30%)
Imbalance in standing 16 (36%)
Imbalance in pitting 15 (34%)
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The study was performed with a questionnaire consist-
ing of closed questions divided into 4 parts:

1. General information about the child.

2. Orthopedic and neurological status of the child.

3. Mobility.

4. Activities of daily living.

In the section on general information, data about age,
gender, height and weight of the child was collected. The
section ,,Neurological and orthopedic state of the child”
consisted of 15 questions about location of the spine
defect, information about the time of the closure of open
myelomeningocele, the existence of accompanied cerebral
malformation, spine and lower limbs deformations, the
number of orthopedic surgeries, spasticity and balance dis-
orders and ability to sit independently.

In the section ,,Mobility” were 5 questions relating
to functional independence in the field of locomotion of
the child. The functional level of ambulation according
to Hoffer classification was checked, and also there were
questions regarding devices used to ambulation and verti-
calization and the duration of verticalization.

Study was conducted among parents of children born
with myelomeningocele invited to participate in the study
by electronic means (e-mail) and through the Foundation
for Active Rehabilitation after receiving the consent from
the authorities of the Foundation. Contact with parents who
sent surveys by e-mail was obtained from the addresses
shown on websites and through the Forum of children with
spina bifida and hydrocephalus “Niezwykta kraina”. Par-
ticipation in the study was voluntary.

The results were statistically analyzed. For the func-
tional level of ambulation percentage distribution was cal-
culated. The attempt to identify the relationship between
different factors and the level of functional ambulation was
also made. For this purpose, on the basis of the available
literature, factors were selected that could affect indepen-
dence in these areas the most. In the case of independence
in terms of locomotion, the selected factors were: the loca-
tion of the myelomeningocele, the child’s age, sex, the
occurrence of shunt infection, the number of shunt revi-
sion, limb deformities, the number of orthopedic opera-
tions, as well as balance disorders. The effect of level of
spinal lesion on the number of verticalization per week and
the duration of verticalization were also examined. For the
obtained relationships percentage distributions and levels
of significance were calculated. Since the results obtained
in the study were normative variables, in order to deter-
mine whether there is a correlation between the different
variables, chi-squared test was used. Significance level p
less or equal 0.05 was considered statistically significant.
The results were shown in graphical form.
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RESULTS
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Fig. 1. Functional level of ambulation according to Hoffer
classification

Functional independence in the field of locomotion
rated the qualifying child into one of four categories
according to Hoffer classification, what is shown in Fig.
1. Most of the patients (55%) moved in a wheelchair, and
only 25% were able to community ambulation. Others
were houschold ambulators (11%) or were only able to
nonfunctional gate (9%).

Factors influencing the ability to amhulation

The only factors which significantly affect the level of
ambulation are the levels of myelomeningocele and balance
disorders.
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Fig. 2. The relationship between functional level of
ambulation and the level of spinal cord lesion

The relationship between the level of myelomenin-
gocele and achieved level of functional ambulation (p =
0.050012) was presented in Fig. 2. It shows that among
patients with lumbosacral lesion 41,9% moved in a wheel-
chair, and 32,3% were able to community ambulation. On
the other hand, among patients with thoraco-lumbar lesion,
the vast majority (91,7%) moved only in a wheelchair,
while only 8,3% were able to nonfunctional gate. No one
in this group achieved community or household ambula-
tion. Only one patient with lumbar lesion was able to com-
munity ambulation.
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Fig. 3. Relationship between balance disorder and achieved
level of functional ambulation

The second statistically significant (p = 0.002811) rela-
tionship was between balance disorder and achieved level
of functional ambulation (Fig. 3). Most children with bal-
ance disorder moved in a wheelchair (86.7%) and none of
the group had obtained the ability to community ambula-
tion. On the other hand, in the group of children without
balance disorder 23% were able to community walking and
53% moved in a wheelchair.

For the accepted significance level p <0.05, statistically
insignificant proved to be other factors that could affect
the functional ambulation: age (p = 0.605918), sex (p =
0.465653), ventricular shunt infection (p = 0.389556), the
amount of revision of the ventricular valve (p = 0.716678),
deformation of the lower limbs (p = 0.283792), and also a
number of orthopedic surgeries (p = 0.559086).

The frequency of verticalization
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Fig. 4. Relationship between the level of spinal neurosegment
lesion and the frequency of verticalization per week

Examining the relationship between the level of neu-
rosegment lesion and the frequency of verticalization per
week and the duration of single verticalization session,
only the latter relationship turned out to be statistically sig-
nificant (p = 0.013833) as shown in Fig. 4. Much more
often were verticalized patients with lumbosacral lesion
(54.8% of patients — every day, 19.4% of patients — several
times a week) compared to patients with thoraco-lumbar
lesion (no one was verticalized daily, 33.3% were vertical-
ized several times a week).

32

P. Okulewicz, 1. Rotter

DISCUSSION

The main factor affecting the prognosis of patients with
myelomeningocele is the level of lesion of the spinal cord.
In the study group, in 71% of children myelomeningocele
was located in the lumbosacral region, 27% around the tho-
raco-lumbar region, and in one patient in the lumbar region.
Although the level of myelomeningocele was determi-
ned by the patients’ parents which could skew the results,
similar characteristics of the study group were obtained in
other works. In the study by Miisliiman et al. [14] of 162
patient with myelomeningocele, 70% of patients had myelo-
meningocele located in the lumbar or lumbosascral region
and 20% in the thoracic region. In another study, Llopis et
al. [15] collected data on 1500 patients with myelomenin-
gocele, the majortity of which (65.6%) had lumbo-sacral
myelomeningocele.

In most patients, open myelomeningocele was accom-
panied by additional defects of the brain: hydrocephalus
was found in 88% of patients, 57% of patients had Arnold-
Chiari syndrome, and 34% had abnormalities in the devel-
opment of the corpus callosum. The proportion of patients
with accompanied hydrocephalus corresponded to the
results obtained in other studies. Assessing 82 patients
born with an open myelomeningocele, Elgamal [16] found
the presence of hydrocephalus in 66 of them (80.5%). The
main cause of hydrocephalus in these patients was Chiari
II malformation, which was found in 86.6% of cases.
Similarly, Talamonti et al. [17], who studied 202 patients
with myelomeningocele, stated enlarged ventricles in 92%
of patients, of which 78% of the patients required valve
implantation. Arnold-Chiari syndrome was found in 98%
of patients. In the case of the presence of the Chiari II mal-
formation, the results differ from the results obtained in
this work; probably due to a different research method. In
the cited papers, all children underwent diagnostic imag-
ing of the brain, whereas in this study information was
obtained from the parents who might not be aware of the
existence of additional brain defects in their children.

The first of the studied domain (55%) was the ability
to ambulation, assessed according to the Hoffer criteria
[13]. According to this classification, the majority of chil-
dren (55%) moved only in a wheelchair and every fourth
was able to community ambulation. Among the remain-
ing patients, 11% were able to walk only indoors and 9%
were able to nonfunctional gate. These results differ from
those shown in the literature. Llopis et al. [15], who studied
1,500 patients aged from birth to over 30 years, found that
a high proportion of patients (35.5%) were able to walk
without assistance, which corresponds to the community
ambulation level according to Hoffer classification [13]. In
this group, only 22% moved in a wheelchair, and others
used the crutches and orthosis which corresponds to the
community and household level of ambulation. In another
study, Rodriguez et al. [18] studied 100 patients aged 18-25
years, of which 92% had hydrocephalus. The majority of
patients achieved a community level of ambulation and
only 24% were wheelchair dependent. In both cited papers,
the age of examined group was different from that shown
in this work. Similar results were published by Pauly et al.
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[19], who conducted a retrospective study on 90 patients
with spina bifida, grouping them by the possibility of
walking in accordance with the Hoffer criteria. Among the
examined patients, 42% were community ambulators, 16%
were household walkers, 16% were nonfunctional ambu-
lators and 27% were wheelchair dependent. Considerably
younger group of children studied Fujisawa et al. [20].
They made the assessment of 41 children aged from 2 to 11
years in terms of ambulation level and the factors affecting
the mode of locomotion. The results of their study indicate
that among patients who already have identified the way
of locomotion, the majority (36.6% of all patients) were
ambulators, and 29.3% moved in a wheelchair. The results
similar to those obtained in this study were presented by
Schoenmakers et al. [21]. Among the 122 children with
myelomeningocele aged 1 to 18 years, 52% were unable to
walk, and other were nonfunctional ambulators. It is worth
nothing that they examined children in age group similar
to that of this work.

Differences between the studies in terms of achieving
the functional level of ambulation may have various rea-
sons. The approach of medical staff and their knowledge
about the orthotic supply have a big impact on the type of
child’s locomotion. Still, it is a common belief that high
spinal neurosegment lesion means that the child will be
wheelchair dependent. Given today’s technical capabili-
ties, it is possible to obtain household or even commu-
nity level of ambulation in patients with high spinal cord
lesion. Such example gives research conducted by Phillips
et al. [22] on children with myelomeningocele aged from
20 months to 14.5 years with spinal lesion from Th10 to
L4. It turned out that all children in this group reached the
household or community level of ambulation according
to Hoffer classification, using reciprocating gate ortho-
sis (RGO). However, these studies have been conducted
in Australia, where there is a greater availability of this
type of equipment. The biggest barrier in the application
of reciprocating gate orthosis in Poland is the price. Cur-
rently, this type of orhosis costs about 30 thousand zloty,
and National Health Fund refunds only 3000 zloty.! In
addition, this type of orthosis is made individually for each
child and should be changed when the patients grow. Prob-
ably for this reason, none of the children examined in this
study used reciprocating gate orthosis.

The study also assessed the impact of various factors on
the ambulation level obtained in patients with myelome-
ningocele. A statistically significant relationship (p <0.05)
was found only between functional ambulation level and
the level of spinal cord lesion and balance disturbance.

In the case of relationship between the level of spinal
cord lesion and a functional ambulation level, 92% of chil-
dren with thoraco-lumbar myelomeningocele moved only
in a wheelchair, and 8% were able to a non-functional gate.
On the other hand, 42% of children with lumbosacral level
lesion were moving in a wheelchair, and 32% were able to
community ambulation. A similar relationship was found
in many of the published works.

" Information was obtained from Vigo — Ortho Polska on
28.08.2013.
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Iborra et al. [23] analyzed the level of orthopedic abnor-
malities, major orthopedic deformities, as well as the pos-
sibility of walking in 322 patients with myelomeningocele
born in Catalonia (Spain). In this study, 210 patients (65%)
were community ambulators, but in the group was only
one patient (3%) with thoracic myelomeningocele, seven
patients (21%) with myelomeningocele at the level of L1—
L2, 42 patients (55%) with spinal lesion at the level of L3,
and almost all patients with spinal lesion at L4-L5 level
(87%) and at sacral level (96%). Among 71 patients moving
only in a wheelchair there were 34 patients (94%) with tho-
racic lesion and 22 patients (65%) with high lumbar lesion.
Much more pessimistic results were obtained in studies
conducted among Polish children. According to research
by Matuszczak et al. [24], 77% of children with myelo-
meningocele was moving in a wheelchair, and none of
the children with lesion at the thoraco-lumbar and lumbar
level obtained independence in locomotion, likewise 94%
of children with the lumbosacral lesion. In another work,
Okurowska-Zawada et al. [25] presented the results of the
analysis of the age of initiation of walking in patients with
myelomeningocele. Among patients with thoracic level of
lesion, 86% did not move independently up to three years
of age, 10% achieved late stage of walking, and only one
child started to walk alone. Among patients with lumbar
level lesion, 50% of children did not ambulate indepen-
dently in the third year of life.

In the case of balance disturbance in sit down, none of
the patients achieved community ambulation level. Only
13% of children were nonfunctional ambulators, and the
others moved in a wheelchair. An interesting relationship
appeared between balance disturbance in standing and
walking ability where 50% of patients achieved a commu-
nity level of ambulation, as compared to 23% of patients
without identified balance disturbances, and only 25%
moving in a wheelchair. It seems that this results from the
fact that the standing imbalance may be declared only in
patients who are standing independently. Most patients
without identified balance disturbance did not walk, pre-
sumably because of the high spinal cord lesion, making
it impossible to stand independently. The relationship
between balance disturbance and ability to walk was found
also by Bartonek et al. [26] who examined 53 children with
myelomeningocele aged 3.2 to 11.4 years. They noted that
the balance disturbance had 6% of children in walking
group and 41% of children moving in a wheelchair.

Other factors affecting the functional level of ambula-
tion such as age, gender, infection of the valve, the number
of ventricular shunt revision, deformities of the lower
extremities, as well as the amount of orthopedic surgery
did not receive adequate statistical significance in the pres-
ent study.

Because verticalization has a very beneficial effect on
the human body, it was also examined how much time per
week the child is verticalized and how long lasts a single
session of verticalization. We found a significant correla-
tion between the level of spinal cord lesion and the number
of verticalizations per week. As expected, patients with
lumbo-sacral lesion level were verticalized more often

33



ORIGINAL ARTICLE

(55% every day, 23% was not verticalized) than patients
with thoraco-lumbar lesion level (nobody was verticalized
every day, 33% were verticalized several times a week,
and it was 33% of patients without verticalization). This
most likely results from the fact that a large proportion
of patients with lower spinal lesion reached a community
ambulation level and this is their natural way of moving;
patients with thoraco-lumbar level of lesion, as the major-
ity of them move in a wheelchair, look upon verticaliza-
tion as a kind of kinesiotherapy. Verticalization sessions
in these patients take time and often require a complicated
orthosis installation procedure and belaying.

Our study has some limitations. The first is the small
study sample. Another is that the results come only from
questionnaires filled out by parents who may not have full
knowledge of the conditions of their children.
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