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Background and Purpose. Infants with myclomeningocele (MMC) have dif-
ficulty with, and show delays in, acquiring functional skills, such as walking. This
study examined whether infants with MMC will respond to treadmill practice by
producing stepping patterns or at least motor activity during the firsi vear after birth.
This study also compared the stepping trajectories of infants with MMC across age
with those of infants with typical development (TD) to analyze the characteristics of
the development of stepping patierns in infanis with MMC carly in life.

Participants. Twelve infants with MMC (lumbar and sacral lesions) and 12 infans
with TD were the participants in this stucdy,

Methods. The infants were tested on a treadmill at ages 1, 3, 6.9, and 12 months,
with no treadmill practice between test sessions. Infants were supported on the
treadmill for twelve 20-second rials, A digital camera and behavior coding were used
to determine step rate, interlimb stepping patterns, step parameters, and motor
activity level.

Results. Treadmill practice elicited steps in infants with MMC (14.4 steps/minute
during the year) but less so than in infants with TD (40.8 steps/minute). Responsive
ness was affected by lesion level but varied markedly among infants. Interlimb
stepping was less readily altermating, but step parameters were similar to those
produced by their peers with TD. Finallv, holding infants with MMC on a moving
treadmill resulted in greater motor activity (17% during the year) than holding infanis
on a nonmoving treadmill.

Discussion and Conclusion. Infants with MMC responded o the treadmill by

| stepping (but less so than infants with TD) and showing increased motor activity, but
Dean, Developmental MNeuromo- |

they demonstrated a different developmental trajectory. Future studies are needed to
explore the impact of enhancing sensory input during treadmill practice 1o optimize
responses in infanes with MMC,
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velomeningocele (MMC) s
the most common neuril
tube defect in the Undted

States, affecting 1,500 1o 2,000 of the
more than 4 million babies born in
the country each year.! In recent
vewrs, the incidence of MMC has
decreased in many developed coun-
tries as a function of improved pre-
pregnancy health care for women of
parenting age and folic acid dietary
supplementation. However, the inci-
dence remains as high as 8 in 1,000
in India and 1.5 in 1,000 in Mexi
¢t This disorder frequently re-
sults in numerous  neuromusculo-
skeletul  complicatons,  including
paraparesis, neurogenic bowel and
bladder, hydrocephalus, and cogni-
tive issues. In this study, we focus, in
particular, on the issue of lowerdimb
function.

For childeen borm with MMC, walk-
ing onset is delayed by an avenge
of 2 years compared with that in
their peers with typical development
(TD). Walking in children born with
MMC comes with a high energy cost,
high motion variability (such as pel-
vic obliquity and hip rotation®), and
often the need for braces, orthoses,
or both to manage the impact of pa-
resis.” % The likelihood that infants
with MMC will walk is affected by
the level at which the funcdonal le-
sion occurs, Current data suggest a
20% chance ol walking for those
born with lesions at a high lumbar
level, B0% for infants with lesions at
a low lumbar level, and 90% for in-
funts with lesions at the sacral lev-
el®" Unfortunately, by late child-
hood to early adolescence, many
children with MMC are unable tw
maintain - upright  locomotion  for
community mobility and rtransition
to wheelchair use; this transiion in-
troduces or reinforces significant co-
muorbidities, such as scoliosis and
obesipy, 1011

The possibilities for nonsurgical
earty therapeutic interventions that

might help infants with MMC ac-
quire stronger and betier functional
control of their lower limbs have
largely been neglected. Medical stud-
ies that describe the spontancous leg
activity of infants with MMC have
been done. Ultrasound examinations
if 16- to 24-week-old fetuses with
thoracic, lumbar, and sacral MMC
lesions have indicated that these
fetuses are as active as fetuses with
TD, showing Hexion and extension
movements  of their hips and
knees. ' However, in the weeks
after birth, rather than showing in-
creased leg actvity, infants with
MMC exhibit decreased leg activie
ty. 1540 Although this decreased activ-
ity after birth is not surprising. it is
encouraging to note that 4- to
Gmonth-old infants with MMC will
respond to contexts that encourage
activity, such as a specially designed
chair, by increasing their frequency
of spontaneous leg movement,!”

The fact that infants with MMC will
show active neuromotor responses
to environmental manipulations s
encouraging. Current theory and em-
pirical data indicate that for infants,
generally, early  exploration and
spontaneous motor activity drive the
development of motor control and
the organization of underlying neural
structures. -2 Through their own
activity, infants create recurrent and
reciprocal cycles of sensorimotor
input and output via the central and
peripheral nervous systems. Through
these perception-action cycles, the
capacity of populations of neurons
1o be activated in a coordinated and
functional manner is strengthened.
Because MMC involves damage to
the spinal cord, the number of intact
maotor units available to initate and
sustain activity and the number of
sensary receptor pathways are re-
duced.*** The task of gaining
strength (force-generating capacity)
and control not only is metabolically
more demanding but also may re-
quire more cvcles of neurological ac

tivity over time to build a foundation
of organized and functional neuro-
motor pathways, 4.4

One patential way in which to assist
the development of leg control in
babies with MMC is to create an en-
vironment that encourages them o
produce more cveles of leg activity,
in particular, patterns of movement
that refate to functional behavior,
such as walking, In previous studies,
Ulrich and colleagues**+ showed
that infants with TD respond to be-
ing supported upright on a small mo-
torized treadmill by producing well-
coordinated and adaptive stepping
patterns.  Subsequently, Ulrich and
colleagues™-31 demonstrated that in-
fants with Down syndrome also are
able o step when supported on a
treadmill, but with a delay in the age
of onset of responsiveness compared
with their peers with TD. Further
more, it was shown that treadmill
training significantly reduces the de-
lay in walking onset for infants with
Down syndrome and improves the
quality of gait for toddlers. 2#-31

Therefore, in this study, we asked
8 muchneeded question  abow
whether the use of a treadmill might
provide experience and input rele-
vant 1o and usable by the neuromo-
tor systems of infants with spinal
sensorimotor lesions that are incom-
plete in nature, Specifically, our goal
wis to determine whether infants
with MMC are able to increase their
step rate or at least their motor ac-
tivity level (moving in any manner)
when supported on a motorized
treadmill during the first year after
birth. We also compared the quan-
tity of stepping (step rate) and the
quality of stepping (interlimb step-
ping patterns and step parameters)
in infants with MMC across age with
those in infants with TD to identify
the characteristics of the develop-
ment of stepping patterns in infants
with MMC. In addition, for the group
with MMC, we examined the rela-
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Table.
Medical and Anthropometric Characteristics of Participants®
Gestational Birth Birth
1 EU L2 ¥ ¥ 37 152 53,34
i L1213 g 34 210 44,45
3 Eu L3 ¥ ¥ ¥ 38 1.06 47.00
4 EU L3 ¥ ¥ 40 181 54,61
5 Eu L4 ¥ ¥ ¥ 1§ 346 48.26
[ 1t} L4 ¥ ¥ 37 3.77 50.80
7 i L4 ¥ ¥ 37 3.12 50017
B EU L4-L5 ¥ 18 327 45.72
g Eu L5-51 7.5 3.52 55.88
o ELJ L5-51 ¥ ¥ 36.5 2,95 4890
1 EL L5-51 7 283 4B.26
12 EW 51 36.5 37 49.53
MMC group X 37 1.26 49.74
50 1.39 0.4% 1.47
TD group = /. 158 5230
50 081 01,44 2.58

" B =gxtratitena (surgeny 1o close myslomeningocete performed after. Birth), IU=intrautero {surgery to closé myelomeningocele performed in utera), Yo yes,
MMC groip=rfants with myshomeningocele, TD group=infants with typical development.

tionship between neuromotor dam-
age (on the basis of the level of the
lesion) and stepping trajectorics.

Method

Participants

Twelve infants with MMC and 12 in-
fants with TD were enrolled in our
longitudinal study at 1 month of age
(7 girls and 5 hoys in each group).
Infunts with both MMC and chromo-
somal or central nervous system ab-
normalities not known to be associ-
ated with MMC were excluded
Lesion levels were limited to lumbar
and sacral and were based on the
fusion sites recorded by hospitals
(Table). Infants with TD were with-
out known cognitive, sensory, or
motor impairments (on the basis of
parental reports). One  additional
baby with MMC and 1 additional
baby with TD were tested but were
exciuded from this study because
they moved from the geographical
arca or their parents did not want to
continue with the study.

Infants with MMC were referred by
physicians at the University of Mich-
igan and Toledo, Ohio, hospital sys
tems. Parents gave written informed
consent for their infants o partici-
pate in this study and completed a
medical =tatus and history form (in-
cluding shunt status, level of lesion,
and surgeries). Infnts with TD were
recruited through newspaper adver
tisements, fliers, and word-ofmouth
communication in the Ann Arbor,
Michigan, area,

Procedure

Infams visited our laboratory to be
tested at 1, 3, 6, 9, and 12 months of
age and at walking onset, For babies
borm more than 2 weeks before
their due date, we used corrected
ages for test sessions and analyses,
During each session, we tested in-
fants in 3 conditions: newborn step-
ping, treadmill stepping, and supine
spontancous movement. In this re-
port, we address only the second
and most extensive lesting condi-

tion, treadmill stepping. To prepare
infants for testing, we removed their
clothing and diaper. We placed re-
flective markers (B-mm diameter at
ages 1 and 3 months; 18-mm diame-
ter at ages 6 months and on) bilater-
ally on the iliac crest, greater teo-
chanter, knee joint, malleolus, and
ventral surface of the thind metatr-
sophalangeal joint. We placed pre-
amplified bipolar electromyograph
electrodes over the muscle bellies of
the left gastrocnemius, tibinlis ante-
rior, rectus femoris, and biceps fem-
oris muscles.

The treadmill stepping  condition
consisted of a custom-muade motor-
ized treadmill placed on a large mble
{73 cm high, 118 cm wide, and 190
cm long) surrounded by 6 motion
capture cameras and & digital video
camera, The treadmill had a frame
measuring 18 cm high, 42 cm wide,
and 82 ¢cm long; a smooth belt sur-
face (30 cem wide): and adjustable
speed control. We placed 3 Peak
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Motus® realtime cameras on each
side of the table to caprure the move-
ments of ¢ach leg

A digital video camera (60 Hz) was
placed at the side of the mble per
pendicular o the treadmill motion
and with the height adjusted o the
baby's size to videotape stepping be
havior. The dawa from this digital
video camera, as well as the data
from the motion capture system and
the electromyograph, were synchro-
nized and recorded with the Peak
Motus cameras

We held infants upright so thar their
feet rested on the belt of the tread-
mill in a parial  bodyvweight
supported position for twelve 20
second trials, split into 2 sets of 6
trials (Fig. 1). Between sets, infants
were given a break, and breaks were
tiken throughout testing as necded
During trials 1 and 12, the belt of
the treadmill was not moving. For
trials 2 through 6 and 7 through 11
the belt was moving and the speed
wias increased in  increments of
0.038 ms ', from 0.068 ms ' 1o
0.22 ms ', Speed adaprations will
be assessed in a separate article in
preparation. For this article, we col
lapsed data across speed within each
test session for each baby

After  testing, we measured total
body weight and length, and for
cach leg, we measured length
{greater trochanter to literal malleo:
lug), thigh, and shank circumier
ence, Because the neuromotor out
comes of spinal lesions in babies
with MMC often are asvmmetrical,
we classified ¢ach leg as more or less
alfected on the basis of the infants
medical records. When no differ

Figure 1.

Phatograph of a T-month-old infant being held on the small motorized treadmill

ences were reported, we assigned

the right leg as the less-affected leg

“Peak  Perdormanc lechnologies, 7388
5 Revere Phkwy #0001, Centennial, OO0 80112
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Data Reduction

For the purposes of the present in-
vestigation, only data collected with
the digital video camera during the
treadmill testing are presented here
to focus on the quantity and quality
of the stepping of the babies when
supported on the treadmill during
the first year of life.

For determination of the occurrence
and temporal aspects of steps, as
well as the baby's general level of
motor  activity, the digital video
data were behaviorally coded using
frame-by-frame  (GO-Hz) analysis of
each trial with Peak Motus computer
software. Before coders (2 of the
study authors and 4 student assis-
tants) could begin working on data
for this study, they had to obtain a
coefficient of agreement of 85 (in-
terobserver  reliability  coefficient,
kappa) through comparison of their
work with that of previously vali-
dared coders for the same set of trials
by using training tapes.

Step rate. First, coders counted
the number of steps produced in
each trial. Because portions of some
trials could not be completed as a
result of infants' fussiness or other
reasons, we calculated the rate of
steps o allow comparisons among
infants and among ages. The mate of
steps was defined as the total num-
ber of steps taken per session for
cach baby divided by the total num-
ber of seconds spent on the treadmill
during moving-belt trials. Two in-
fants with MMC missed one visit; we
interpolated the points surrounding
this event to create a surrogate value
for this visit for longitudinal analysis
purposes. Two infants with TD
missed the treadmill data collection
session at 12 months. Because they
stepped continuousty at 9 months
and it was not reasonable o expect
further improvement, we used their
performance values for 9 months at
12 months.

Interlimb  stepping  patterns.
Coders were tmained (o recognize 4
interlimb stepping patterns: alternat-
ing (a step of one leg overlaps a step
of the opposite leg), single (a step of
one leg does not overlap a siep of the
other leg), pacillel (both legs swing
forward simultaneously), and double
{a “stutter step” within a series of
alternating steps). For these pat-
terns, we calculated the 4 types of
steps produced at cach visit for each
haby as a percentage of the total
steps.

Step parameters. Coders identi-
fied the tme (frame) when events
occurred: toc-off, touch-down, and
end of stance for alternating steps
only. To account for developmental
differences in body size, we normal-
ized siride cycle and swing- and
stance-phase durations by leg length
and transformed the data to dimen-
sionless varinbles with the follow-
ing formula: normalized cyvele dura-
tion = cycle duration/(gravity/leg
length)? 4 For altermating steps, the
part of the infant's foot that made
contct at touch-town and during
mid-stance wiis coded as toe, fat,
heel, kateral, or medial. Next, the per-
centage of each foot posture that
was used for ouch-down and mid-
stance was calculated.

Motor activity level. Motor activ-
ity level was coded for all
nonmoving-belt and moving-belt tri-
als to describe infants’ movement
levels even if they did not respond to
the treadmill with steps. We used 2
categories of activity: (1) overall ac-
tivity, which reflected movement of
any limbs, trunk, or head, and (2) leg
activity, which reflected only leg be-
havior, Overall activity was scored
every 5 seconds with 1 of 3 values;
O=no movement, (L.5=small move-
ment, and 1=clear movement of
arms, legs, head, or any of these
parts, Leg activity was scored every 5
scconds with dichotomous values:
=no leg movement and 1=clear leg

movement. Next, we transformed
the scores obtined at each session
to a percentage for each infant on
the basis of the maximal score pos-
sible for baseline trials and moving-
belt trials.

Data Analysis

We nsed SPSS version 14.0 statistical
software' for statistical analyses. The
general linear model procedure was
used o conduct multivariate analy-
ses of variance (MANOVAs) and anal-
yses of variance (ANOVAs) for re-
peated measures, The Huynh-Feldt
epsilon correction for multiple com-
parisons (we report degrees of free
dom rounded to the nearest whole
number) was used to determine sti-
tistical significance, which was set at
P<.05. The effect size for each
ANOVA is reported as cta sguare
(1"). Only staristics for results that

were  statistically  significant  are
presented.

Results

Participant Characteristics

We used a 2 (group) ®* 5 (age)
MANOVA for repeated measures on
age to compare groups on overall
body size. Dependent variables were
height, weight, and the ponderal in-
dex: (3N weight/beight % 100), Only
a sigmificamt age effect emerged
(Wilks lambda=0.12, F,, ,,-=82.83,
P<_001). Post boc ANOVA results
showed significant increases in body
weight (F, =444.86, P<.001, 1°=
935) and body length (F, -,=666.62,
P<.001, °=97) and a significant
decrease in the ponderal index
(F, o=38.24, P< 001, 7" =.26) with
age.

We nsed 4 2 (group) X 2 (leg) X 5
(age) MANOVA for repeated me
sUres on age o compire groups on
leg measures. Dependent variables
were leg length, thigh circumfer
ence, and shank circumference.

T5Ps8 Inc, 233 5 Wacker Dr, Chicago, IL
MM,
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Both main effects were significant:
age (Wilks lambda=0.03, F, 0=
100,92, P<.001) and group (Wilks
lambda=0.66, F, ,=6.79, P<.001).
The age X group interaction also
wils significant (Wilks lambda=0.88,
Fiz =184, P=.04). Nonc of the
post-boc ANOVAs for individual de-
pendent variables resulted in a signif-
icant interaction effect. We obtained
a main effect of age for leg length
(Fy 115=519.7, P<.001, n5*=.92),
thigh circumiference (F, ,,,=238.6,
P=001; n'=845), and shank cir
cumference (F, =378.9, P<.001,
=90}, The main effect of group
wis significant for both leg length
(F 42=4.85, P=.03, n'=.10) and
shank circumference (F), ;= 14.74,
P<.001, 7= _26). For leg length and
shank circumference, values were
higher for infants with TD than for
infants with MMC, Inspection of the
means  suggests that each group
showed very similar values at month
I (194 and 19.6 cm for leg length
for the infants with MMC and the
infants with TD), respectively; 12.5
and 13.0 cm for shank circumfer
ence for the infants with MMC and
the infants with TD, respectively).
With age, the difference was greater
(27.9 and 286 cm for leg length
for the infants with MMC and the
infants with TD, respectively; 17.6
and 19.3 cm for shank circumfer
ence for the infants with MMC and
the infants with TD, respectively, at
12 months). Although not reaching
the level of a significant univariate
interaction, those values, in combi-
naton. may have resulted in the
multivariate interaction  effect  re-
ported above,

Step Rate

For our primiry topic of interest, the
infants’ step mate, we used a 2
(group) = 5 (age) ANOVA for re-
peated measures on age with step
rate as the dependent variable. We
found a significant age effect
(Fyyo=10045, P<.001, n*=32), a
significant group effect (F, ,,=21.3,

P<.001, 57°=.49), and an age *
group  interaction  (F, 4, =4.58,
P=.003, 1"=,17). Figures 2A and 2B
displiy step rates across months
for each infant as well as group
means for infants with T and in-
famis with MMC, respectively. In-
fants with TIY clearly showed an in-
crease in step rate over time, shifting
from high variability across individu-
als at month 1 to highly similar step
rates by months 9 and 12, Infants
in the MMC group did not show a
change in the step rate over time and
maintained high interindividual vari-
ability throughout the year.

To better understand the variability
in the MMC group, we divided in-
fants into 3 subgroups on the basis of
lesion level and current published
research  suggesting  the  inherent
likelihood of these babies remaining
community walkers into adulthood.
Longitudinal studies of cohorts ob-
served into adulthood 44 suggested
that for subjects with lesions above
L3, the prognosis was not likely to be
wilking in adulthood. For subjects
with L4 lesions, there seemed to be a
S50% rate of community walking; this
rate wius as high as 90% for subjects
with L5 and sacral lesions, On the
basis of these published data, we
classified babies with L1, L2, and L3
lesions as having high-level lesions;
infants with L4 lesions as having
middle-level lesions: and infants with
L5 or sacral lesions as having low-
level lesions. Figures 20, 2D, and 2E
show that the step rate tended 1w
increase as the level of the lesion
decreased. Infants with high-evel
lesions cleardy produced the Fewest
steps, with litte change with age
and low wvariability, Infants with
middle-  and  lowslevel  lesions
showed more improvement but also
higher variability,

interlimb Stepping Patterns

To examine differences in intetlimb
stepping  patterns, we ran a2
(group) X 5 (age) MANOVA for re-

peated measure on age and the fol
lowing dependent variables: per-
centages  of  alternating,  single,
parallel, and double steps. We ob-
tined significant group (Wilks lamb-
da=0.44, F, ;,=5.95, P=.003) and
age (Wilks lumbda=0.64, Fi,.00=
259, P=001) effects. Postbog
ANOVAs were conducted for indi-
vidual dependent variables. Means
for each stepping pattern by group
over fme are shown in Figure 3, For
alternating steps, we found signifi-
cant group F, ;,=24.14, P<.001,
N=52), age (F =802, P<.001,
n'=.27), and interaction (F, =
4.27, P<001, 7'=.16) cfiects, In-
funts with TD produced more alter
mating steps than their pecrs with
MMC, Both groups showed an in-
crease  in alternating  steps  with
age, but infants with T showed a
considerably greater increase over
time than infants with MMC. For sin-
ple steps, one  significant  effect
emerged: the main effect of group
(F, 5:=18.59, P<.001, v'= 46). In-
fants with MMC gencrated more sin-
ple steps than their peers with TD.
The main elfects of group and age
were significant for parallel steps
(F) 2;=543%, P=029, n'=20 and
F, es=3.80, P= 007, 7' =.15, respec
tively). Infants with MMC produced
more parallel steps than their peers
with TD, but both groups showed a
decrease over time in the proportion
of all steps that were parallel steps.

Step Parameters

We examined the parameters of ine
fants’ alternating steps, the ones
most similiar to the interimb step-
ping pattern wsed in walking, We
included infants” data only if they
produced more than 4 alternating
steps per session. Thus, for infants
with MMC, sample sizes were 6 for
month 9, 7 for months 6 and 12, and
8 for months 1 and 3. For infants
with TD, the sample size was 12
throughout. Missing values for in-
fants with MMC precluded calculat-
ing staristics.
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Figure 2.

Number of steps taken per second across age, by groups and individuals: typical development (TD) (A), myelomeningocele (MMC)
(B), and MMC with lesions al high (C), middle (D), and low (E) levels. (Continued)
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Figure 4A shows the values for step
parameters across age:  dimension-
less cvele, swing phase and stance
phase durations, and percent stance
phase per evele. The data suggested
that the temporul parameters of al-
ternating steps did not differ be-
tween groups, Both groups tended
o show small increases in cvele du-
ration and percent stance phase with
increasing age. Figures 48 and 4C
show foot posture at touch-down for
infants with TD and MMC, respec-
tively. At the end of the swing phase,
the first comact for 60% of both
groups was made with the wes or
the far part of the feet (soles). Dur-
ing the stance phise (Figs, 4D and
AE), both groups settled onto the flat
part of the feet with greater fre-
gquency over time. Infans with MMC
were more likely than their peers
with TD to make initial contact with
the ateral part of the feet at touch-
down (20%) and during the stance
phatse (199,

Motor Activity Level

To compare the motor activity levels
of infunts during moving-belt and
nonmoving-helt conditions, we ran a
2 (group) X 5 (age) % 2 (condition)
MANOVA for repeated measures on
age. Dependent variables were over-
all activity and leg activity. We found
significant main  effects of group
(Wilks lambda=0.80, F, =539,
P=_008) and condition (Wilks lamb-
da=0.50, F, ,,=21.88, P<001) and
i significant age X group interaction
(Wilks lambda=0.92, Fyis0=1.20,
P=.046), These results suggested
that the groups differed in motor ac-
tivity levels, with infants with TD
moving maore than their pecrs with
MMC; however, the difference
changed as infants grew older. Fur-
thermore, both groups engaged in
more motor activity when the belt
was moving than when the support
surface wis stationary,

The post-boc ANOVA for leg activiry
resulted in a significant condition ef-

[ 12
Age (mo)
E —— MMCHD
MLOW e MMC#10
e MARCHT ]
1.4 —— MMCE12
1.2 o— T
2 1
E 0.8
= 0.6
2 04
L7 ]
0.2
u. !
[ 12
Age (mo)
Figure 2.
Continued
Janiary 2009

Volume 89 Number 1 Physical Therapy W 67




Stepping Responses in Myelomeningocele

fect (F, ,+=21.72, P<.001, n°=23%
and an age * group interaction ef
fect (F; 353 =2.92, P=.023, 1°=.06).
For overall actvity, the post-boc
ANOVA resulted only in a signifi-
cant condition effect (F, ,,=40.05,
P< 001, v'=48). Examination of
means showed that leg activity for
infants with TD remained stable over
with MMC
showed a period of decreased leg
activity—about 10% in each condi-
tion— beyond ages 6 and 9 months
The condition effect for both motor
activity level variables revealed an in-
crease during moving-belt trials com
pared with nonmoving-belt trials. On
averige, across months, infants with
TD showed a 26% increase in overall
activity when supported on the mov-
ing belt compared with the nonmoy-
ing belt. For infants with MMC, the
average increase in overall activiry
wits 18%. Leg activity increasced by
22% in dinfants with TD and 16% in
infants with MMC.

time, whereas infants

Discussion

Cwverall, our data showed that during
the first vear of life, supporting in-
fants with MMC upright on the mov-
ing belt of a motortzed treadmill elic-
its stepping patterns in addition to
increased overall motor activity. In
provious  studies, rescarchers re-
ported less leg activity in infants
with MMC than in their peers with
TR Our current data paradlel]
these earlier reports and  extend
them by demonstrating  that  al
though treadmill practice elicited
siepping patterns in infants with
MMC, their step rate, like their mo-
tor activity level, was lower than that
of their peers with TD and the distri-
bution of their interlimb stepping
patterns was different from that of
their peers.

Early signs of the impact of reduced
mator activity in the legs may be
evident in our finding of emergent
group differences in leg size, which
were the only significant anthropo-

A ¥
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20%
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Figure 3.

Dhstribution of stepping patterns produced by infants with typical development (TD)
{A) and infants with myelomeningocele (MMC) (B) across age: alternating (AL), double

(D0, parallel (PA), and single (51).

metric differences that we observed
At 1 month, leg length and shank
circumference were similar berween
groups, but differences increased
over time, such that the legs of in-
fants with MMC were shorer and
smaller in mass by the end of the first
vear. Although such growth impair-
ment s typically attributed o im-
paired innervation, it may also be
part, to the l¢ss
frequent exposure of bones to the
compression forces generated by re-
peated muscle contractions, which
are known to Bacilitate bone growth

attributable, in

As 4 group, infants with MMC had a
step rate lower than that of infants
with TD, clearly exposing their mus-

cles to less contractile force over
time than that scen in infants with
T, Sill, they averaged approxi-
mately 48 sweps per session (or 14.4
steps per minute), which is not a
trivial number, However, their group
mean step nite scemed quite fat
across the year, whereas all infants
with TD showed an increase in the
step rate over tme. Lesion level
clearly affected both the siep rate
and the developmental trajectory
across individual babies. Infants with
the highest-level lesions (L1-1L3), in
particular, showed a very low step
rate over time. We propose that the
lack of improvement for infants in
this subgroup over time represents a
marked delay in the development of
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Figure 4.

Step parameters by group across age. (A) Normalized cycle duration, swing duration, stance duration, and percent stance, (B and
C) Mean percentages of lateral or medial (L/M), heel (H), toe {T), or flat (F} part of foot making contact at touch-down for infants
with typical development (TD) (B) and infants with myelomeningocele (MMC) (C). (D and E) Mean percentages of lateral or medial
(L/M), heel (H), toe (T), or flat (F) part of foot in contact with belt during mid-stance (mid-5T) for infants with TD (D) and infants

with MMC (E)
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muscle strength and HEmb control
compared with development in their
peers, rather than an innate lack of a
capacity tor development. From the
follow-up data that we collected for
our infanis with MMC after 12
months of age, we know that 3 of
the 4 infants in this subgroup at-
tained the ability o walk by using
walkers 1o provide postural support
(at 24 months, 29 months, and 44
months), Their highdevel lesions
likely caused the most depressed
rate of development because of the
increased degree of loss of sensori-
motor units, * Ulrich et al*” observed
a similar delay in response o body-
weightsupported treadmill practice
in a study involving infants with
Down syndrome. When given suffi-
cient time, the infants showed im-
proved stepping, particularly when
provided with treadmill practice. =529
We predict thar at least 3 of our in-
fants with highdevel MMC would
hiave responded with more steps on
the treadmill had we continued 1o
monitor their behavior bevond the
first 12 months after birth,

Infants with MMC also demonstrated
higher variability in their step raie
than infanis with TD, a8 individuals
and as a group, and they showed
seyveral unique developmental trajec-
tories during the first yvear of life.
These findings are important for sev-
entl reasons. First, the varability in
siepping trajectories reinforced the
notion that lesion level, while rele-
vilnt, is a poor predictor, in isolation,
of sensorimolor responsivencss at
any point in time for individual ba-
bies with MMC.% Other Lctors
{such as shunt revisions, joint and
ligament structures, specific medica-
ticns, and overall Gimily support re-
sources) inleract to make such pre-
dictions complex and difficult,
Second, variability in infants with
T, but not in those with MMC, re-
solved markedly by the second half
of the first year. This resolution, ac-
cording 1o neuromotor development

theory and data, occurs because in-
fanis’ spontancous activity drives the
orpanization of sensorimotor control
and, thus, stable patterns of move-
moent. 2387 Infants with TD are
spontaneously guite active, whereas
infants with MMC have decreased
leg movements. Thus, infanis with
MMC seem to be caught in a cycle
of inherently less spontaneous activ-
ity. which slows their rate of im-
Pm"r'f.‘!'l'lt‘ﬂl in OeuromoLor L'[]I"Ilﬂ]l..
which contributes o delays in ac-
guiring functional motor skills and
even nonfunctional behavioral  re-
sponses, such as supported step-
ping. In addition 1o the inherent neu-
ral and physiological problems in
babies with MMC, the medical pro-
cedures designed ultimately to im-
prove outcomes, such as castings,
joint surgeries, or even shunt surger-
ies, ofien interrupt progress in the
short term.

Last, but perhaps most germane (o
motor development, the effects of
congenital disruption of the spinal
cord on motor and sensory commu-
nications berween the periphery and
the brain vary from mild to severe
across  individuals. When sensory
feedback is decreased and motor
unit input 1o muscles is reduced, the
effects on establishing a repertoire of
movement patterns and control may
be inconsistent and vared. The pro-
cesses of perceiving and acting may
require even more repetitions than
usual for babies with MMC to leamn
o control behavior. Such babies
must “work harder” to build control
and strength, an effort that may ax
the motivation that is normally rein-
forced when active infants who are
healthy perceive the impact of their
actions on the environment. '-35

Although infants with MMC  re-
sponded to treadmill practice by
stepping, they also showed a devel-
opmental trajectory  of interlimb
stepping patterns that was different
from that of their peers over time.

Owverall, infants with MMC were less
likely 1o produce altermating steps at
all ages than infants with TD; this
finding was true even for those with
lesions at the lowest levels (L5 and
sacral). Throughout the 12-month
study perdod, infants with MMC con-
tinued o produce a large proportion
of parallel steps, with both legs moy-
ing in synchrony, or single steps, in
which one leg stepped but the other
did not. The abilitv to initiate and
control  alternating movements of
the legs is critical to developing func-
tional skills such as creeping and
walking. We argue that the difficulty
in developing rhythmic coupled os-
cillation is derived not only from in-
nervation asymmetries but also from
the infants’ diminished spontancous
cfforts 10 explore with their legs. s
Asymmetrical movements are typical
carly in life and in the treadmill con-
texi*® By 6 1o 7 months of age. in-
fants with TD increase strength and
control. Then their capacity to shift
control from one interlimb organiza-
tion to another and to respond to the
dynamics of the supported treadmill
context becomes  strongly  domi-
nmated by an alternating organization,

In contrast 1o interlimb stepping pat-
terns, the step parmeters of infants
with MMC seemed quoite similar to
those of their peers with TD. Per
haps this is because within the step
motion, the legs tend to conform to
their pendular gualities, with mowve-
ment being influenced by gravity and
motion-dependent torque as well as
the dynamic motion of the treadmill
belt under the feer. "' It seems that
when a step ovele is elicited in in-
fants with MMC in this situation, the
outcome is a pattern that has many
of the parmmeters thar are desirable
in steps that produce locomotion.
Step cyvele duration as well as the
proportions of the cycle represented
by swing and stance were similar be-
tween the groups. Where individual
steps differ more between groups is
in the part of the foot that makes
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contact with the surface at wuch-
down. It is clear thar anomalies of
joints, in  particular, club  foor,
heighten the tendency to make first
contact with the lateral part of the
foor. However, although lateral con-
tact occurted more olten, hoth
groups showed significant postural
variability and a great deal of toe con-
tact at initial touch-down as well as
contact with the fHar part of the foot,
During stance, infmts with MMC,
like their peers with TD, tended to
show decreased lateral contact and
an increase in the likelihood that the
fat part of the foot supported body
welght.

Finally, our results showed that at
cach age infunts in both groups pro-
duced more motor activity (either
with their entire body or with their
legs only) when the treadmill bel
wis moving than when the belt was
not moving, This result indicates that
treadmill practice seems o be able
to increase the level of activity of the
population with MMC, both for
strong steppers and for weak step-
pers. This is an important discovery
for a population known to have de-
creased levels of motor activipy 2243
This result, added to the capacity of
this population o respond o the
treadmill with stepping during the
first year of life, suggests the possi-
bility of using treadmill practice as
an additional therapy for infants with
MMC. In the present study, babies
were in contact with the moving belt
for a total of only 3.3 minutes per
test session. Increasing the duration
of each session and repeating the
exposure on multiple days per week
muy accelermte the infiunts” develop-
mentil processes. That is, providing
bahies with more opportunities to
accumulate experience in oan up-
right, partial body-weight-bearing
movement situation may  facilitate
the development of bone and joint
tissue and help the babies develop
neuromotor control of their legs,

Study Limitations

The present study had several limita-
tons. Infants with MMC  typically
camde 1o our laboratory before or al-
ter a checkup at the university hos
pital. Some parenis drove a distance
to the university; thus, whether their
liboratory visit occurred before or
after the hospital checkup, infants
may not have been tested at an opti-
mal point for energy and arousal lev-
els, compared with infants with TD.
These factors could have added 1o
the decreased levels of activity in the
infants with MMC, We were able
obtuin only lesion level, which may
nol be as meaningful for behavior as
true neurological level. We also
woulld like to have had a larger sam-
ple o allow regression analysis o
examine relationships between fac-
tors such as intrautero versus ex-
trautero surgery, shunts, and revi-
sions and the infants’ early motor
performance and subsequent loco-
motor outcomes. Two infiunts started
but did not complete the study; one
family moved to a different state (in-
fant in the TD group), and one family
indicated that they had schedule
conflicts (infant in the MMC group).

Conclusion

Ouwr results showed that partial body-
weight-bearing  treadmill  pracrice
can increase leg activity and, specif-
ically, elicit stepping pattems in in-

fants with MMC at an average mte ol

14.4 steps per minute. Responsive-
ness varied among infants and was
affected by lesion level but was not
unicuely predicted by it Interlimb
stepping was less readily alternating,
but the withinlimb step parameters
seemed quite similar 1o those pro-
duced by infants with TD. Our next
goal is o examine ways to modify
treadmill practice w enable infants
with MMC to respond with more
steps than in the current testing par-
adigm. Subsequently, we plan to ex-
amine the potential for practice step-
ping on a treadmill, with human

suppart like that provided here, o
generate  positive  outcames—such
a8 increasing muscle and cardiovas
cular strengeh, bone density, and the
neuromotor control needed for up-
right locomotion—{or infunts with
MM,
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