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The role of selected parental and perinatal factors in the future
mobility of children with myelomeningocele

Znaczenie wybranych czynnikéw rodzicielskich i okotoporodowych dla przysztej
czynnosci motorycznej dzieci z przepukling oponowo-rdzeniowa
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Background. Myelomenigocele (MMC) is the most severe form of spina bifida, caused by genetic and environmen-
tal components; it has many serious complications in a patient’s future life, where dysfunctional mobility is one of the most
troublesome.

Obijectives. The aim of our study was to explore the role of selected factors: parental and perinatal in children with myelo-
menigocele and correlate them with their future motor function.

Material and methods. This retrospective analysis was based on 95 births that occurred from 1985 to 2013. Clinical data were col-
lected using medical records and supplemented by a questionnaire for parents. Standard deviation of WHO scores (Z-scores) for
weight, length, and body mass index (BMI) at birth were calculated. Hoffer’s scale was used to assess MMC children’s motor function.
Results. There were no statistically significant differences between 53 girls and 42 boys who were enrolled in the study, ex-
cluding the month of conception. The tested parameters did not vary substantially according to maternal age. Maternal age
correlated positively with paternal age at conception, birth order, and stillbirth rate. Mode of delivery was strongly associated
with Apgar scale and birth weight. Apgar score, birth length, and thus WHO Z-score for length-for-age had positive correlations
with future mobility of MMC children.

Conclusions. 1. Perinatal factors have a significant effect on children’s physical activity. 2. There is no clinical evidence that
cesarean section improves early neurological outcome of MMC infants. 3. Parental factors, particularly maternal age, do not
determine the future mobility of children with myelomeningocele.

Key words: myelomeningocele, parental factors, perinatal factors, motor function.

Wstep. Przepuklina oponowo-rdzeniowa jest najciezsza postacia rozszczepu kregostupa, ktérej przyczyny
moga byc¢ genetyczne i srodowiskowe; daje wiele ciezkich powiktan w przysztym zyciu pacjentéw, wsréd ktérych trudnosci
w poruszaniu sie sg jednymi z najbardziej uciazliwych.

Cel pracy. Ocena wybranych czynnikéw: rodzicielskich i okotoporodowych i ich korelacja z czynnoscia motoryczng dzieci
z przepukling oponowo-rdzeniowa.

Materiat i metody. Retrospektywnej analizie poddano 95 historii pacjentéw objetych opieka w latach od 1985 do 2013. Dane
zostaty uzupetnione wywiadem od rodzicéw dzieci. Dla takich parametréw jak: ciezar ciata, dtugosc oraz wskaznik masy cia-
ta (BMI) w momencie urodzenia wyliczono odchylenia standardowe wedtug WHO. Do oceny czynnosci motorycznej uzy-
to skali Hoffera.

Wyniki. Nie wykazano istotnych statystycznie réznic miedzy 53 dziewczynkami i 42 chtopcami, z wyjatkiem miesigca uro-
dzenia. Wartosci badanych parametréw nie réznity sie istotnie w zaleznosci od wieku matki. Wiek matki korelowat pozytyw-
nie z wiekiem ojca w momencie poczecia dziecka, rodzajem porodu i czestoscig poronieri. Rodzaj porodu korelowat ze ska-
la Apgar i masa urodzeniowa ciata. Skala Apgar, dtugos¢ urodzeniowa ciata i WHO Z-score dla dtugosci wykazaty pozytyw-
ne korelacje z péZniejsza czynnosciag motoryczng dzieci z przepukling oponowo-rdzeniowa.

Whioski. 1. Czynniki okotoporodowe moga mie¢ znaczacy wptyw na aktywnos¢ fizyczna dzieci z przepukling oponowo-
-rdzeniowa. 2. Nie ma dowoddéw na to, ze ciecie cesarskie poprawia wczesng neurologiczng ocene dzieci z przepukling opo-
nowo-rdzeniowa. 3. Czynniki rodzicielskie, szczegélnie wiek matki, nie wptywaja na przyszta aktywnosc fizyczna dzieci
z przepukling oponowo-rdzeniowa.

Stowa kluczowe: meningomyelocele, czynniki rodzicielskie, czynniki okotoporodowe, czynnosci motoryczne.
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Background mately 18 days and is complete by 35 days gestation. SD
can be clinically categorized into open spinal dysraphism

Spinal dysraphism (SD) refers to a variety of congenital ~ (OSD) and closed spinal dysraphism (CSD) [1]. The most
malformations caused by neural tube defects (NTDs) during ~ common form of OSD in newborns is myelomeningocele
different stages of embryogenesis. The incomplete closure  (MMC), classified as open spina bifida. The estimated preva-
of the spinal cord and vertebral column begins at approxi-  lence of MMC is 1/700 live births. MMC remains the most
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severe form of neural tube defects, involving dysfunctions of
many organs and structures [2].

Children with MMC have a decreased sensory ability of
the extremities, affecting mobility and independence. Their
quality of life and future mobility depend on the level of
spinal lesion. It has frequently been noted that high-level
paralysis precludes community ambulation. The higher the
neurological lesion level, the more medical complications
and worse functional health were observed [3].

The etiology of MMC is largely incomplete. It has been
suggested to have a multifactorial origin in which genetic, life-
style, and environmental factors appear to be involved [4-6].
However, not only the types of factors but also the time when
they appear should be taken into consideration. According to
many studies, human development rates are highest during
the first trimester of pregnancy. It seems to be the most crucial
phase of fetal development. The question is if earlier and later
time periods may be essential too. Do selected factors at the
beginning and end of pregnancy have an effect? In addition
to the beginning of pregnancy, is the moment of delivery es-
sential too? Risk of several disorders may depend on paternal
or maternal age and thus increase with increasing birth rank.
For example, the risk of an aneuploid zygote, such as trisomy
21, increases significantly with maternal age, while achon-
droplasia increases with paternal age [7].

Objectives

Hence, the aim of our study was to explore the role of
parental and perinatal factors in MMC children and corre-
late them with their future motor function.

Material and methods

This retrospective analysis was based on 95 births that oc-
curred from 1985 to 2013. All enrolled patients were treated
in a tertiary care referral hospital in Bialystok. All MMC pa-
tients’ clinical data were collected from a questionnaire for
parents and the children’s medical records. The question-

naire included such information as: parental age, birth or-
der, history of pregnancy complications (stillbirth, fetal loss,
preterm labor, bleedings), gestational age, delivery mode,
Apgar scale, and birth weight and length. Standard devia-
tion WHO Z-scores for weight, length and body mass index
(BMI) at birth were calculated. The ambulatory function of
MMC patients was defined according to Hoffer’s scale (HS)
using the 4 categories of community: THS — nonambulator,
2HS — nonfunctional ambulator, 3HS — household walkers,
4HS — community walkers [8]. The lesion level in MMC pa-
tients was reported intraoperatively and radiologically and
scored from 1 to 3 (1 — thoracolumbar, 2 — lumbosacral,
3 — sacral lesion). Additionally, all parameters were ana-
lyzed according to the period of conception and birth. We
divided months of the year into two periods: winter (Oct. to
Mar.) and summer (Apr. to Sept.).

Statistical analysis was performed using Statistica 10.0
(StatSoft Inc, Tulsa, OK, USA). All studied parameters were
analyzed using nonparametric tests: Mann-Whitney and
ANOVA analysis. Correlations were assessed by the Spear-
man test. Values of p < 0.05 were considered significant.

Patients and their parents were enrolled into the study
after obtaining informed consent.

The study protocol was approved by the Ethics Commit-
tee, Medical University of Bialystok, and was conducted in
accordance with the Declaration of Helsinki.

Results

The characteristics of the studied patients are presented
in Table 1. There were no statistically significant differences
in the studied parameters between girls and boys, excluding
the month of conception. We found that the highest preva-
lence of MMC boys were conceived during the winter period,
whereas most MMC girls were conceived during the summer
period. A positive correlation between the sex of MMC chil-
dren and the month of conception (r=0.213; p < 0. 05) was
found. Most MMC children (62/95; 65%) were born in the

Table 1. Characteristics of 95 children with myelomeningocele (MMC)

MMC Patients

MMC Girls

Comparison

(median, minimum-maximum)

Female/Male n (%) 95 53 (56%) 42 (44%)

Parental factors

Maternal age 27 (18.5-41.5) 28.3 (19-41.5) 27 (18.5-41) 0.68
Paternal age 32.3(18-48.5) 32.6 (18-48.5) 32.2(19.5-44.5) 0.59
Month at conception 7 (1-12) 7 (1-12) 7.5(1-12) 0.5
Conceived time summer/win- | 43 (45)/52 (55) 29 (55)/24 (45) 14 (33)/28 (67) 0.04*
ter n (%)

Birth order 2 (1-8) 2 (1-6) 2 (1-8) 0.93
Perinatal factors

Gestational age 40 (32-43) 40 (32-42) 40 (32-43) 0.92
Birth weight (kg) 3.15 (1.2-4.8) 3.17 (1.7-4.3) 3.12(1.2-4.8) 0.67
Birth length (cm) 54 (40-61) 54 (43-61) 54 (40-60) 0.32
Delivery n; C/V 80; 7/33 46; 25/21 34; 20/14 0.64
Apgar scale 8 (1-10) 8 (3-10) 8 (1-10) 0.7
Z-score WHO weight -0.28 (-5.3-3.8) -0.08 (-3.8-2.8) -0.45 (-5.3; 3.8) 0.85
Z-score WHO length 2.28 (-5.5-6.8) 2.8 (-4.6; 6.8) 2.28 (-5.5; 5.6) 0.2
BMI 11.2 (4.3-19.3) 11.12 (7.5-19.3) 11.3 (4.3-15) 0.83

C — cesarean, V — vaginal, BMI — body mass index, * p < 0.05.
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last 10 years and there were no differences in all parameters
between infants born during the two assessed periods.
Median maternal age was 27 (18.5-41) years. Most
mothers (53/84; 63%) were younger than 30 years old at
conception. Median paternal age was 32.3 (18-48.5) years.
The majority of MMC children 37/92 (40.22%) were born
from the first pregnancy, 26/92 (28.26%) from the second,
10/92 (10.87%) from the third, 9/93 (9.78%) from the fourth,
and 8/92 (8.7%) from the fifth or later pregnancy.
Additionally, we found that 8/84 (9.5%) mothers had a his-
tory of miscarriages, and 15/81 (19%) had other complications.
Maternal age correlated positively with birth order (r = 0.547;
p < 0.05), the presence of miscarriages (r = 0.238; p < 0.05),
and paternal age (r = 0.868; p < 0.05). Children whose moth-
ers were younger, differed from children whose mothers were
older in the order of deliveries and paternal age. Birth order
correlated positively with maternal age (r = 0.566; p < 0.05),
paternal age (r=0.785; p < 0.05), the presence of miscarriages
(r=0.418; p < 0.05) and delivery mode (r=0.279; p < 0.05).
The values of all analyzed MMC children’s perinatal
factors are included in Table 1. There were no differences

between boys and girls between the studied parameters. De-
tailed data of children born by cesarean section and vaginal
delivery are shown in Table 2.

Additionally, we found a positive correlation between
birth weight and birth length (r=0.598; p < 0.05). These pa-
rameters positively correlated with gestational age (r=0.498;
r=0.334; respectively; p < 0.05) and Apgar scale (r=0.256;
r=0.425; respectively; p < 0.05). Birth weight positively cor-
related with mode of delivery (r = 0.283; p < 0.05); whereas
birth length positively correlated with month of conception
(r=0.258; p < 0.05), complicated pregnancy (r = 0.369;
p < 0.05), Hoffer’s scale (r = 0.405; p < 0.05), and level of
lesion (r = 0.429; p < 0.05). Apgar scale positively correlated
with gestational age (r = 0.259; p < 0.05), mode of delivery
(r=0.309; p < 0.05), Hoffer’s scale (r = 0.270; p < 0.05),
birth weight (r=0.256; p < 0.05), and birth length (r=0.425;
p < 0.05).

The levels of spinal cord lesion and the characteristics
of the different patients’ groups classified by HS are shown
in Table 3.

Table 2. The perinatal parameters in MMC children depending on the type of delivery

Cesarean delivery

Vaginal delivery

n median (minimum-maximum) n median (minimum-maximum)
Gestational age 44 | 38(33-43) 32 |40 (32-42)
Birth order 47 | 2(1-6) 33 | 2(1-8)
Apgar scale 46 | 8(1-10) 32 19(1-10)
Birth weight (kg) 45 |3.0(1.2-4.8) 32 |3.3(1.9-4.6)
Z-score WHO weight | 45 | -0.5(-5.3-3.8) 26 | 0.25(-3.5-3.3)
Z-score WHO length | 38 | 2.27 (-5.5-6.8) 26 | 2.27 (-3.8-5.6)

n — number of patients.

Table 3. Characteristic of MMC children according with Hoffer’ scale

HS1 HS2
n 52 15 12 16
F/M n (%) 29(58)/23(42) 7(47)/8(53) 9(73)/3(27) 8(50)/8(50)
Lesion level Th-L/L-S/S 31/21/0 0/13/2 0/11/1 0/8/6

Median (minimum-maximum)
Parental factors
Maternal age 25 (19-41) 27 (20-41) 31(22.7-41.5) 28.9(18.5-36.9)
Paternal age 32.3 (18-36.8) 30.8 (23-44.6) 32 (24.08-48.5) 33.3(19.5-45.92)
Conception time 8(1-12) 7 (1-11) 8(1-12) 5(1-12)
Conceived time Sum/Wint n (%) | 29 (58)/21 (42) 9 (60) /6 (40) 6 (55) /5 (45) 6(43)/8(57)
Birth order 2 (1-8) 1(1-6) 2 (1-4) 2 (1-6)
Perinatal factors
Gestational age 40 (32-42) 38 (33-43) 40 (35-41) 40 (33-41)
Birth weight (kg) 3(1.68-4.8) 3.04 (1.2-3.9) 3.36 (2.8-4.3) 3.2(2.3-4.2)
Birth length (cm) 52 (40-58) 54.5 (49-58) 54 (50-61) 55 (52-61)
Delivery n (%); 43; 12; 9; 12;
C/V 24 (56)/19 (44) 10 (83)/2 (17) 4 (44)/5 (56) 5 (42)/7 (58)
Apgar scale 8 (1-10) 8 (1-10) 8.5 (6-10) 9 (6-10)
Z-score WHO W -0.5 (-3.8-3.8) -0.5 (5.3-1.6) 0.38 (-1.0-2.8) 0.0 (-2.3-2.5)
Z-score WHO L 1.6 (-5.5-4.5) 2.8 (-0.5-4.5) 2.3 (-4.6-6.8) 3.4 (1.7-6.8)
BMI 11.4(8.1-15.7) 9.6 (4.3-11.8) 11.8(9.6-19.3) 10.6 (8.2-12.5)

n—number, F —female, M — male, Sum — summer, Wint — winter, W — weight, L — length; the lesion level: Th-L — thoracolumbar, L-S — lum-

bosacral, S — sacral.
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We found a positive correlation between HS and the lev-
el of lesion (r=0.701; p < 0.05). Both parameters correlated
positively with birth length (r=0.405; p = 0.429; respective-
ly; p < 0.05) and WHO Z-score for length-for-age (r=0.364;
r=0.402; respectively; p < 0.05). Additionally, HS was also
statistically significant positively correlated with Apgar scale
(r=0.270) and history of miscarriages (r = 0.241).

Maternal and paternal age, month of conception, and
birth order did not vary significantly between HS groups
(*=5.76; > =0.12; y» = 0.48;, p=0.92; y*=1.74; p=0.63;
x*=0.73; p = 0.87; respectively). The lowest birth weights
and lengths were observed in 1 HS group; whereas the high-
est birth weights and lengths were observed in 3HS and 4HS.
Lower birth weights and lengths were observed in MMC
children with the worst future activity. The differences were
statistically significant for birth weight (x> = 9.69; p = 0.02).
The longest children were in 4HS and the shortest in THS
groups. However, the differences were not statistically sig-
nificant (4*= 5.66; p = 0.13).

The differences in birth weight and birth length between
HS groups are shown in Figure 1 and Figure 2.
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Figure 1. Comparisons of birth weight values between various
Hoffer’s scale groups in MMC children; * p < 0.05
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Figure 2. Comparisons of birth length values between various
Hoffer’s scale groups in MMC children; * p < 0.05

The most HS1 and HS2 MMC children were born by
cesarean section (CS) (34/55 children, 62%); whereas more
children from the 3HS and 4HS groups were born by vaginal
delivery (12/21 children, 57%).

The Apgar scale differed between the four studied groups
and the difference was statistically significant (4> = 9.74;
p = 0.02). The highest median value was observed in the
3HS and 4HS groups (8.5 (6-10); 9 (6-10), respectively).
There were no differences in gestational age in the studied
groups (y* = 0.53; p=0.91).

Discussion

Our study was the first in our region — north-eastern
Poland — focusing on perinatal and parental factors in chil-
dren with myelomeningocele (MMC). Our intention was to
verify if those factors correlate with future physical activity
of MMC children.

Epidemiological and laboratory studies have cited a va-
riety of potential causes for MMC. They show that neural
tube defects (NTDs) are caused by the interplay of multiple
genes, along with the interaction of genes with their environ-
ment. If genetics plays an important role in MMC, we aimed
to explore the role of parental factors in the occurrence of
MMC in infants in our region.

It is well established that both lower and high maternal
age and late birth order have contributed to some birth de-
fects [9—16]. Nonetheless, little data is available for children
with meningomyelocele (MMC) considering future activity.
Our analyses did not confirm a relation between the preva-
lence of MMC and parental factors. Parental age, birth order,
or month of conception did not play a significant role in the
future mobility of MMC children.

However, perinatal factors and level of lesion had a sig-
nificant effect on MMC children’s physical activity. In our
study, like in others, the level of mobility correlated with
spinal lesion level. Pauly and Cremer [3] found a major
portion of community and household walkers according to
Hoffer’s criteria in the lower level (sacral and lumbosacral
level) lesion groups, whereas the portion of nonwalkers was
far lower than the groups of thoracolumbar and thoracic
lesions. Our analyses also confirmed that a higher level of
neurological lesion caused worse mobility functions.

There are few studies focused on finding relations be-
tween mode of delivery and subsequent motor function in
infants with MMC. The benefits and risks of different modes
of delivery are controversial. Studies performed in the 1980s
[17] recommended prelabor cesarean section (CS) to pre-
serve exposed spinal neural elements of infants with MMC.
In 1991, Luthy et al. [18] demonstrated that MMC children
who were exposed to the forces of labor were 2.2 times more
likely to have severe paralysis than those delivered by prela-
bor CS. It has been proposed that cesarean delivery before
the onset of labor may result in improved motor function,
compared with delivery after the onset of labor, either by CS
or vaginal. However, Bensen et al. [19], as well as studies
conducted later [20, 21], found no benefits of CS compared
with vaginal delivery for infants with MMC.

Recent studies from 2011 showed that there was no
clinical evidence that early neurological outcome of MMC
infant was improved by CS. Cuppen et al. [22] demonstrated
that early neurological outcome was better in vaginally de-
livered infants than in those delivered by CS. Our conclu-
sions are similar: more infants who were delivered vaginally
had higher Apgar scores and were classified into the 3HS
and 4HS groups; whereas infants who were delivered by CS
had lower Apgar scores and were classified into the THS
and 2HS groups. This means that those children who had
a worse future motor condition were delivered by CS more
often than children who had better future mobility. Merrill
et at. [21] found that there were no significant differences
by route of delivery for gestational age and birth weight. We
found that children who were delivered by CS had lower
birth weight and gestational age. The differences may be
caused by a smaller group of children in the study by Mer-
rill et al., as well as may be due to early indications for CS
because of MMC severity.

All HS groups differed in anthropometric parameters at
birth: weight and length. We found that birth length seemed
to be one of the predicting factors of the future mobility of
MMC children. Those who were classified into the THS
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group had lower birth lengths in contrast to the 4HS group.
Children did not vary in gestational age.
In our study, we used the WHO Z-score to assess our pa-

ers’ health condition and socioeconomic status. Secondly,
we did not obtain very detailed data about our patients’
mothers’ diets, folic acid, and other supplementation status,

or applied treatment during pregnancy and during delivery.
Finally, when interpreting our findings, it should be kept in
mind that the sample size of our study was small.

tients” anthropometric measures. Z-scores are recommended

as a sufficient statistical tool to assess children’s physical de-

velopment. However, we wonder if Z-scores are appropriate

to use on chlldren. with congenital developmgntal disorders Conclusions

such as MMC. This aspect has yet to be studied. Moreover,

Z-scores, as standardized quantities, are calculated basedon

the distribution of the reference population. There is a ques-

tion if they are comparable across different countries and .

different populations of children. Of course, there is a need

for further studies and refinements due to MMC. 3.
This survey had some limitations. Firstly, we were not

able to obtain information about the MMC children’s moth-

Perinatal factors have a significant effect on children’s
physical activity.

There is no clinical evidence that cesarean section im-
proves early neurological outcome of MMC infants.
Parental factors, especially maternal age, do not deter-
mine the future mobility of children with myelomenin-
gocele.
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