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Abstract:

Background

Malan syndrome (MALNS) is an ultra-rare autosomal dominant genetic disorder (< 1/1,000,000 births) identified as an
overgrowth syndrome. Recent research has identified new features of MALNS that include high risk of bone fractures in
childhood due to osteopenia coupled with an unsteady gait, the latter leading to frequent fall.

Purpose:

To characterize the postural control (PC) of a 16-year-old with Malan syndrome (MALNS).

Methods:

Evaluations involved two, 30-sec trials for each of 6 stances: two-feet eyes open/eyes closed on firm and foam surfaces
(total 4); and tandem and one-foot stances, eyes open, on firm. Postural control (PC) was determined by the median velocity
(mm/sec) and total pathlength (mm) of the center-of-pressure on a force plate Results were compared to his age and sex
matched peers with intellectual disability, Down syndrome, and neurotypical students.

Results:

For the participant with MALNS, significant, moderate test-retest reliability was seen for all 6 stances, and he demonstrated
similar PC as his peers with Down syndrome.

Conclusion:

Given that osteopenia, advanced bone aging, hypotonia, and increased risk for bone fractures are commonly associated
with MALNS, the outcome of this study should encourage clinicians to evaluate the PC of youth with MALNS.

Key words: malan syndrome; postural control; portable force platform; test-retest reliability

Introduction

Malan syndrome (Online Mendelian Inheritance in Man [OMIM]
#614753), an ultra-rare autosomal dominant genetic disorder (<
1/1,000,000 births), is a recently introduced overgrowth syndromes.[1]
Overgrowth syndromes are characterized by faster rate of growth before
and after birth occurring in any part of the body with typical age of onset
in infancy.[1] MALNS is caused by haploinsufficiency (i.e.,
microdeletion or loss of function) in nuclear factor 1 X(NFIX), located on
chromosome 19p13.2 region.[1,2] Nuclear factor 1 (NFIX) is essential for
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normal brain and skeletal development. The loss of NFIX leads to brain
malformations including ventriculomegaly and partial agenesis of the
corpus callosum.[1,3] Characteristics of MALNS include overgrowth of
height at an early age, advanced bone age, macrocephaly, hypotonia, mild
to severe intellectual disability (ID), motor delay, brain abnormalities,
pectus excavatum/carinatum, scoliosis, vision issues, autistic-like traits,
and osteopenia.[1,2,4]

Recent research has identified new features of MALNS that include high
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risk of bone fractures in childhood due to osteopenia coupled with an
unsteady gait, the latter leading to frequent falls.[4] The unsteady gait
and frequent falls are thought to be due to hypotonia. The clinical
guidelines to manage high recurrence of pathologic fractures, especially
of the long bones, only included dual-energy X-ray absorptiometry
(DXA) assessment and vitamin D supplements during puberty.[4]
Guidelines for evaluating postural control (i.e., balance) in youth with
MALNS to determine risk of falling has not been addressed.

Postural control (PC): is the ability to maintain balance during a desired
posture or activity; is necessary to achieve, maintain, and restore one’s
center of pressure (COP) within a base of support (BoS) while
standing;[5,6] and provides the starting point for the successful and safe
execution of activities of daily living such as walking and running.[7,8]
Main factors contributing to PC consist of the body responding to the
sensory input of vision, vestibular (semicircular canals and otolith
organs), and somatosensory (proprioception and cutaneous input)
information, with motor adjustments that involve coordination of
musculoskeletal reflexes to maintain an upright position during
standing.[9,10] Evaluation of postural control is relevant to youth with
intellectual disability (ID) because it has been demonstrated that they
exhibit reduced postural control when compared to their neurotypical
(NT) peers.[11-15]  Due to the rarity of MALNS, PC has never been
studied for this disorder.

There are many commercially available posturographic systems, with
many different static and dynamic tests.[16,17] Although posturographic
systems have been used to evaluate PC in youth with many types of
developmental disabilities, they have not been used to evaluate youth with
MALNS. Therefore, the first purpose of this study was to determine the
feasibility and reliability of a youth with MALNS performing balance
assessments on a force plate.

To properly evaluate the PC, normative data is vital to interpret the results.
Usually, comparing PC test results to neurotypical youth assists in
determining whether PC anomalies exist. When considering adolescents,
normative database should control for sex and age.[18-22] That is, during
the maturation process from childhood to adolescence, PC characteristics
depend on gender, [14,23] successive periods of ontogenesis (from
earliest stage to maturity),[18] and changes in the sensory weighting
strategies (vision vs proprioception vs vestibular).[24] In addition, for
youth with ID, level of IQ (i.e., severe vs moderate vs mild ID)
significantly affects maintenance of balance.[14]

A syndrome with physical characteristics similar to MALNS whose
postural control has been studied is Down syndrome. [13,25-28] Down
syndrome (DS) is the most common genetic cause of ID and is
characterized by the presence of 1 extra copy of human chromosome
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21.[29] Characteristics of DS that have also been reported for MALNS
include excessive joint range of motion due to joint laxity, [30,31]
pronation (flat feet), hypotonia (weak muscle tone), [32,33] and low
muscle strength.[34,34] Of importance: 1) it has been demonstrated that
joint laxity, pronation, and hypotonia can negatively impact postural
stability;[36,37] and 2) youth and young adults with DS have
demonstrated suboptimal PC when compared to neurotypical
controls.[38,39]

In addition, about 30% to 50% causes of ID are idiopathic or non-
syndromic (without genetic or chromosomal abnormalities).[40] Youth
with idiopathic ID also demonstrate substantial delays in motor
development, and balance is one of the motor abilities in which youth with
ID, regardless of cause, are most deficient.[41-45]

In that no normative data for the PC of patients with MALNS exist,
comparison to peers of similar characteristics would have to suffice at this
time. Therefore, the second purpose of this study is to compare balance
outcomes of a youth with MALNS to his age, sex, and 1Q matched peers
with DS and with ID without DS. In addition, to control for school
setting, all participants with 1D, including the participant with MALNS,
were enrolled in inclusive physical educational classes. Furthermore, to
establish normative PC data, we also compared age and sex matched NT
youth enrolled in the same inclusive physical education class in the same
high school as the participant with MALNS.

In summary, the purpose of this study is twofold: (1) to determine the
feasibility and reliability of a youth with MALNS performing balance
assessments on a force plate; and (2) to compare balance outcomes of a
youth with MALNS to his age, sex, and 1Q matched peers with DS and
with ID without DS and to age and sex matched NT youth.

Methods:

History

The focus of this case report is a 16-year-old male born with Malan
syndrome (figures 1 and 3). He was born vaginally with an
uncomplicated delivery between 37-40 weeks gestation to non-
consanguineous healthy parents after an uneventful pregnancy. In infancy
he demonstrated dysmorphic features including macrocephaly, tall
forehead, down-slanting eyes, low-set ears, pointed chin, and hypotonia.
At 6 months, an MRI showed diffuse mild thinning of white matter
including the corpus callosum. He was diagnosed with mild obstructive
hydrocephalus, which was corrected surgically at 7 months of age with a
ventricular shunt placement and cerebral spinal fluid diversion. He was
also prescribed corrective lenses at 6 months due to extensive optic nerve
damage (suspected to be related to the hydrocephalus).
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Fig. 2. Thumb (A)
and wrist test (B,
C)

Auctores Publishing LLC — Volume 20(4)-606 www.auctoresonline.org
ISSN: 2690-4861 Page 3 of 11



Int. Jr. Clinical Case Reports and Reviews.

Due to the difference in leg length of 1.9 cm, he underwent distal femur
and proximal tibia epiphysiodesis surgery on his left leg at 14 years and
5 months.  He wore orthotics and compression shorts as a child in
response to hypotonia, and his guardians reported that he is prone to
fatigue due to low muscle endurance, even when performing activities he
enjoys.

He began using a walker around 20 months, started walking
independently at 24 months, and initiated running around 30 months. He
used rudimentary sign language to communicate by 24 months and began
speaking in short sentences by 3-4 years. At 16 years, he speaks in full
sentences; his speech is consistent with developmental milestones
expected of a 4-5-year-old. Due to his global developmental delay, he has
received speech, occupational, and physical therapy starting at age 1 year.
He was enrolled in inclusive education classes within the high school at
the time of this study.

Clinical Features

Copy rights@ Ken Pitetti,

At 16 years and 7 months of age the participant demonstrated
macrocephaly, elongated face, and pectus excavatum (Figure 1) and his
measurements were: height 190.0 cm (74.8 inch), weight 78.4 kg1(172.8
Ibs), with a BMI of 21.7 (healthy BMI). At this time, dysmorphic features
included:
e joint hypermobility (thumb figure 2 A, and wrist test figure 2
B and C)
e elongated face with dental crowding
e Wingspan to height ratio > 1.0 (71.5 in/71.3)(figure 3)
e  Strabismus (crossed eyes) with right eye exotropia (eye
deviates outward)
e  Functional scoliosis related to uneven leg length (left leg ~1.9
cm longer) (figure 4)
e Uneven hips/legs likely due to uneven leg length (figure 4)
e  Pes planus (flat feet)
e  Arachnodactyly (elongated digits)

Other conditions include mild myopia (near-sightedness); 20/60 OD,
20/30 0S).

Figure 4: Scoliosis is related to uneven leg length (Left leg 2.5 cm longer)

Participants

The male youth (16 yrs) with MALNS was matched in age and sex to 4
students with DS, 5 students with ID but without DS, and 4 neurotypical
(NT) students (i.e., without developmental disabilities) for comparative
purposes (see table 1 for demographic characteristics). All participants
were from the same midwestern, metropolitan area (population ~
350,000) in the United States and matriculated in school districts that
provided inclusive physical educational (PE) classes. That is, all the
students were participating in regular PE classes that provided teaching
strategies and support systems which encourage students with 1D to have
the same experiences as their peers who did not have a disability.
Intellectual levels (i.e., mild or moderate) of participants with ID with and
without DS were classified by school administrators per model of
diagnosis by the American Association on Intellectual and
Developmental Disability (AAIDD).[46] The participant with MALNS
was classified per model of diagnosis by the Wechsler Intelligence Scale
for Children.[47] The AAIDD defines persons with mild and moderate
ID as 1Q ranges of 50 to 70-75 and 35 to 49, respectively.[46] The
Wechsler Intelligence Scale for Children characterizes mild and moderate
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ID and 1Q ranges of 55 to 69 and 40 to 54, respectively.[47] The
participant with MALNS had an IQ of 50, and IQ’s for the participants
with Down Syndrome and 1D without Down syndrome ranged from 50 to
65.

The Institutional Review Board of the university associated with this
study approved the study prior to active recruitment of participants. For
all participants, informed parental consent was acquired before
participation in this study. The inclusive criteria for all participants
consisted of not having any known acute or chronic musculoskeletal
conditions (e.g., cerebral palsy) that would affect evaluation maneuvers.

Procedures and Instruments

Anthropometric variables (standing height in centimeters [cm] and weight
in kilograms [Kg]) were measured with participants not wearing shoes by
using a stadiometer (Seca 214 Portable Height Rod, Hamburg, Germany)
and scale (Health o Meter®Scale, Model #HDM037-01, Boston, MA).
Body mass index (BMI) was determined as weight in kilograms divided
by height in square meters. Descriptive statistics are found in Table 1.
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The PC evaluation was performed during student’s regular physical
education (PE) class in a classroom separate from the gymnasium.
Postural control was assessed using a portable force platform (AccuSway,
Advanced Mechanical Technology Inc. [AMIT], Watertown, MA, USA).
Postural data were acquired and recorded using Balance Clinic software
version 2.03.00(AMTI) loaded on a Dell laptop. The acquisition
sampling frequency was set at 1000 Hz and was filtered using a fourth-
order zero phase Butterworth low-pass filter with a cut-off frequency of
10 Hz.[48] The force platform records the position of a participant’s
center of pressure (COP). In an upright standing position, all individuals
sway naturally in the antero-posterior and lateral directions, with the
resulting shifts of COP providing an index of a participant’s ability to
maintain balance.

Six (6) test conditions were used to assess PC: two visions (EO vs EC)
and two surface conditions (firm vs foam) for two- foot stance (2FT; total
of four stances, Figures 5A and B); tandem EO (TD, EO; Figure 5 C) and
one-foot EO (1FT, EO; Figure 5 D) on firm.

In the two-foot stance, participants either stood directly on the force
platform (Firm surface; Figure 5 A) or on a 30 x 41 x 6 cm foam (Figure
5 B; Airex® Balance Pad, Airex AG, Sins, Switzerland) placed on top of
the force platform (foam surface). The big toes (hallux) of both feet were

on pressure plate] on foam mat
without foam mat
(firm)
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positioned on a tape that ran perpendicular to the plate (see figure 5 A),
with the distance between the feet (i.e., intermalleolar distance) was
approximately shoulder width and the angle of the feet selected by the
participants. That is, in the two-foot stance, participants were allowed to
select the distance between feet and angle of feet, since it has been
demonstrated that constraining participants’ feet orientation results is
greater sway.[49]

For the one-foot, eyes open, standing on the platform (1FT/EO/firm)
stance, the foot was placed on tape extending through the middle of the
pressure plate (figure 5 D). To determine the supporting leg, participants
were asked what foot they would use to kick a soccer ball. The
nonsupporting leg was flexed 30° to 90°at knee level and participants were
instructed not to allow the non-supporting leg to make contact with the
supporting leg.

During the tandem, eyes open, standing on the platform (TD/EO/firm) the
toe of the trail foot was placed in contact with the heel of the lead foot
with both feet placed on the tape running through the middle of the force
plate (figure 5 C). For the tandem stance, the lead extremity was chosen
by the participant. The participants were tested in a single session, which
lasted approximately 50 minutes.

One-foot
Stance

Tandem
Stance

Figure 5: (A) Two feet stance on pressure plate without foam mat (firm); (B) Two feet stance on pressure plate with foam mat; (C) Tandem stance
on pressure plate, feet aligned heel-to-toe; and (D) One-foot stance with non-supporting leg flexed 30° to 90°at knee level

Force plate data was collected from two blocks of testing. Each block
consisted of 6 consecutive 30-s trials in each stance, yielding 12 trials. In
the first block, the order of the six stances was randomized and the
sequence was reversed in the second block. During testing, participants
stood in their normal physical education class footwear (e.g., tennis shoes)
and were encouraged to stand as still as possible throughout the 30-sec
trial. Participants sat for 60-90-s between trials. When vision was
allowed, participants were instructed to look straight ahead at the X
marked in tape at approximately eye level on a wall 1.5 m away. For all
participants with ID, when vision was not allowed, a staff member stood
directly in front of the participants, repeating “keep your eyes
closed...keep your eyes closed”, and ensuring that the eyes were closed
throughout the 30 second trial. Ankle or hip (‘ankle strategy’ or ‘hip
strategy”) sway, which is commonly described as fix-support (COP is
moving but feet remain in contact with the floor) was allowed.[50] Arm

Auctores Publishing LLC — Volume 20(4)-606 www.auctoresonline.org
ISSN: 2690-4861

movement was also allowed. Some participants ‘lost the stance’ during
the one foot and tandem stances. In these cases, participants were asked
to regain stance as quickly as possible and continue the trial. The loss of
stance segment(s) of the 30-second trial was(were) visually identified
while the start and stop times (using a stopwatch) were recorded. The
data from the ‘out of stance’ segment(s) of the 30-second trial were
removed and not used in calculation of postural parameters.

Median velocity (MVelocity, mm/sec) and pathlength (mm) were
calculated using the R median function.[51] Median velocity (MVelocity)
and pathlength have been identified as two of the most reliable parameters
when determining PC capacity.[52] The literature states that smaller
values of MVelocity and pathlength imply better balance. That is, the
higher the MVelocity, the more net neuromuscular activity is needed to
keep stance.[53] In addition, MVelocity has been demonstrated to have
the greatest reliability among trials [54] and is considered the most
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sensitive parameter in comparing individuals with different neurological
conditions.[55,56] Pathlength is a proxy for postural sway magnitude
whereby the smaller the total pathlength the less the postural sway and,
therefore, the better the individual’s postural control.[57] However, the
greater the static sway (i.e., greater pathlength) the higher the probability
of swaying during walking resulting in an increased risk of falls and
injuries.[58] Of the two trials, the lowest scores for MVeloscity and
pathlength were chosen for data analysis.

All evaluations were proctored by the lead author to insure proper
measurements. Participants had the stances demonstrated to them; then
they practiced the six stances, especially the one foot and tandem stances,
until they were familiar with the positioning of the feet and the concept of
holding the stance for 30 seconds. The familiarization/practice period
lasted for approximately 10 minutes for the neurotypical (NT) participants
and 15 to 20 minutes for the participants with ID which included the
participant ~ with MALNS. Immediately ~ following  the
familiarization/practice period the participants performed the tests.

Data Analysis

Means and standard deviations were determined for demographics,
MVelocity (mm/sec), and path length (mm) statistics for the participants.

To determine test-retest reliability for the participant with MALNS,
normality of test scores for MVelocity, pathlength (mm), and time in
stance were determined using a Kolmogorov-Smirnov test. This test
confirmed that the distributions of these variables were not normally
distributed. Therefore, the nonparametric Kendall’s Tau (t) correlation
coefficient was used to assess the strength of the relationship between
Trial 1 and Trial 2 for the MVelocity, pathlength (mm), and time in stance
for the participant with MALNS.

Interpretation of Kendall’s Tau correlation coefficients is based on
previous recommendations[59-61] with 0.00 to £0.19 to be very weak to
negligible, +0.2 to £0.39 to be weak to low correlation, 0.4 to +0.69 to
be moderate correlation, +0.7 to +0.89 to be strong to high correlation,
and +0.9 to £1.0 to be very strong to very high correlation.

Statistics were not used to compare the MVelocity (mm/sec) and
pathlength (mm) of the participant with MALNS to the other three groups
of participants (i.e., with DS, with ID without DS, and NT) because

Copy rights@ Ken Pitetti,

summary statistics cannot be performed on one data point. A ratio was
calculated between the MVelocity and pathlength for the individual with
MALNS and the mean of the MVelocity and pathlength for each of the
three groups.

Results

Means and standard deviations for demographics are found in table 1.
The participant with MALNS was more than 3 standard deviations taller
than other 3 groups. Correspondingly, the participant with MALNS
demonstrated a BMI classified as healthy weight as opposed to
participants with DS and ID without DS being classified as obese and
overweight, respectively.[62] The mean BMI for NT participants were in
the healthy range.[62]

For the participant with MALNS, significant, moderate test-retest
reliabilities were seen for MVelocity (z = 0.601; p = 0.037), pathlength (z
= 0.690; p = 0.017), and time in stance (t = 0.778; p =0.014) for all 6
stances (Table 2).

When comparing MVelocity, whereby the smaller the value the better PC,
of the participant with MALNS to the mean of the MVelocity for the other
groups, the participant with MALNS demonstrated (see Table 3):

e  2xto 3x lower PC comparted to his NT peers
e 1.6xto 1.8x lower PC than participants with ID without DS in
5 of the 6 stances
e similar to slightly better PC when compared to his DS peers.
When comparing pathlength (mm) of the four 2FT stances, whereby the
smaller the pathlength the better PC, the participant with MALNS
pathlength was (see Table 4):

e 15xto 3x longer than NT participants

e 1.4xto 1.6x longer than participants with ID without DS for
three of the stances

e  Shorter (1.1x to 1.6x) for three stances when compared to the
participants with DS

For the pathlength, comparisons for tandem and 1FT stances could not be
made due to differences in ‘time in stance’; that is, pathlength is strongly
correlated to time in stance.

Malan (n=1) Down Syndrome Intellectual Disability without Neurotypical (n=5)
(n=4) Down syndrome (n=5)
Sex MALE MALE MALE MALE
Age (years) 16 16+1 16.5+0.4 16.0+0.8
Body height (cm) 190.4 159.4+3.5 171.5¢4.1 175.15.3
Body mass (Kg) 78.9 85.3+35.8 73.149.9 73.1421.9
BMI (kg/im?) 21.8 33.9+28.6 24.9+4.1 23.8
Table 1: Descriptive Statistics
Stance MVelocity Path Length Out of Stance
mm/sec (mm) (sec)
Stance Triall | Trial2 | Triall | Trial2 | Triall Trial 2
2FT, Eyes Open, Firm 26.5 48.1 791.5 275.8 0 0
2FT, Eyes Closed, Firm 26.3 28.6 794.4 877.2 0 0
2FT, Eyes Open, Foam 45.8 441 925.6 894.3 0 0
2FT, Eyes Closed,Foam 42.8 48.7 1307.0 1448.3 0 0
1FT, Eyes Open, Firm 60.9 53.2 1307.0 1226.2 12.6 10.5
Tandem, Eyes open, firm 58.7 63.7 1451.3 1161 8.7 15.3
Means 435 47.7 1096.1 980.5 3.645.1 7.648.1
+13.7 +10.5 +267.1 | +371.1
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Kendall’s Tau for MVelocity (mm/sec):
Kendall’s Tau for Pathlength (mm):
Kendall’s Tau for Time out of stance (secs)

= 0.601; p = 0.037
r=0.690; p = 0.017
=0.289; p = 0.408
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Table 2: Kendall’s Tau Correlation Between Trials for MVelocity (mm/sec), Pathlength (mm) and Time of Stance

Participants 2FEO 2FEC 2FEO 2FEC TDEO 1FTEO
Firm Firm Foam Foam Firm Firm
Malan n=1 26.0 26.6 29.0 42.8 63.8 53.2
DS n=4 16.7+5.6 24.518.6 29.3£7.9 52.749.6 62.4+15.0 87.1+12.7
ID n=5 16.1+5.6 15.3+5.3 16.9+6.5 26.5+5.2 35.2+5.3 49.8+12.6
NT n=5 8.6+0.7 105+ 1.2 10.2+1.1 17.7+2.6 20.6+1.0 26.0+4.5

EO = Eyes open; EC = Eyes closed; 2F = Two-foot stance, 1F= One-foot stance, TD=Tandem stance; Firm=standing directly on pressure plate, Foam

= standing on foam mat over pressure plate

Malan = participant with Malan syndrome; DS = Down syndrome; ID = Intellectually disabled without DS; NT = Neurotypical.

Table 3: Mean of the Median Velocity (MVelocity, mm/sec) of Center of Pressure (COP) for all Six Stances

2FEO 2FEC 2FEO 2FEC TDEO 1FTEO
Firm Firm Foam Foam Firm Firm
Malan 791.6 502.7 884.3 1352 2122.7 1307 (12s)
n=1 <22s in stance <20 s in stance
DS 540.7+174.4 781.6+244.9 980.2+302.7 1771.6+310.1 1858.2+454.6 1950+241.9
n=4
ID 569+218.1 590.9+201.1 577.24249.3 819.4+196 1186+222 1556.1+399
n=5
NT 269.7+25.2 332.4+81.6 309.1+44.9 557.2+99.4 635.8+42.2 1950+241.9
n=5

EO = Eyes open; EC = Eyes closed; 2F = Two-foot stance, 1F= One-foot stance, TD=Tandem stance; Firm=standing directly on pressure plate, Foam

= standing on foam mat over pressure plate

Malan = participant with Malan syndrome; DS = Down syndrome; ID = Intellectually disabled without DS; NT = Neurotypical.

Table 4: Mean of Pathlength (mm) of Center of Pressure (COP) for Six Stances

Discussion

Malan syndrome was first described in 2010 by Dr. Valarie Malan and,
as of 2022, less than 90 patients have been differentially diagnosed.
Therefore, for this ultrarare syndrome, limited clinical information exists
which would provide guidelines for management of evolutive
complications. Given that osteopenia, advanced bone aging, hypotonia,
and increased risk for bone fractures are medical problems commonly
associated with MALNS, [1-4] a possible evolutive complication would
be poor postural control (PC) resulting in increased risk of falling. The
result of this study demonstrated that evaluating the PC of a youth with
MALNS on a portable force platform was feasible, and the test data
produced in the two trials for the six stances was moderately, and
significantly reliable.

The integration of visual, somatosensory, and vestibular components
plays a leading role in maintenance of stable vertical posture,[9,10] and
the consolidation of these components reaches adult level at
approximately the age of 12 years.[63,64] The visual system is
considered a primary sensory system especially in children and
adolescents, and it is suggested that input from the visual system
principally decreases sensitivity to sensory information from the two
remaining systems.[65] Figure 5 A, with EO, is a “standard” or “base”
test condition where all three sensory systems are available to help in
sustaining balance. Therefore, the smallest amount of postural sway (i.e.,
lowest MVelocity and shortest pathlength) is expected when compared to
the other five stances. Such was the case for the participant with MALNS
and all three groups (see Tables 3 and 4).
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In the stance depicted in figure 5 A, with eyes closed, visual feedback is
eliminated, and this stance increases the reliance on proprioceptive and
vestibular systems. Since balance and PC relies on proprioception more
than the wvestibular system, this condition largely measures the
proprioceptive contribution to balance.[66] For the participant with
MALNS, only a slight increase in median velocity (MVelocity) (table 3)
and a reduction (rather than increase) in pathlength (table 4) was seen,
indicating that the proprioceptive system (i.e., dorsal column-medial
lemniscus tract) was intact. For both MVelocity and mean pathlength,
participants with DS and NT demonstrate a greater reliance on vision,
which compliments what has been demonstrated in the literature,
[12,13,67] while participants with 1D without DS demonstrate similar
responses as the participant with MALNS.

In the stance depicted in figure 4 B, with eyes open, the visual and
vestibular systems are available, but the proprioceptive system is
challenged by having the participant stand on a compliant foam surface.
In this stance the visual system is assessed given its preference over
vestibular feedback for balance. Given the optic nerve damage and mild
myopia for the participant with MALNS, the possibility existed that a
greater reliance on proprioception rather than vision would be evident.
However, for the participant with MALNS, as well as the participants
with ID without DS, only a slight increase in MVelocity and moderate
increases in mean total pathlength are seen when compared to 2FEOfirm
(tables 3 and 4). The latter suggest that vision plays an equal role with
proprioception feedback for PC for these participants. Participants with
DS and NT participants demonstrate much higher MVelocity and mean
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total pathlength increases when compared to 2FEOfirm. The later results,
poorer PC with eyes closed, again complement the literature. [11,68-72]

In the stance depicted in Figure 10 B with eyes closed on foam, the visual
and proprioceptive systems are challenged, moving the dependency of PC
to the vestibular system as the primary sensory source used to maintain
balance. As expected, given that vision and proprioception have
preference over vestibular feedback for balance, the greatest increases in
MVelocity and pathlength were seen for the participant with MALNS and
all three participant groups, indicating a low reliance on the vestibular
system for PC.

In the two-foot stance (Figure 5 A) the medial-lateral base of support
(BOS) is twice as large as the single-legged and tandem stances. In
healthy, physically able youth, this stance will produce the most stable
PC. In the tandem stance (figure 5 C) the anterior/posterior(A/P) BOS is
larger than in 2-FT and 1FT stances, but the base of support diminishes
substantially in the medio-lateral direction. This posture is often used
during clinical balance evaluations in order to predict a patient’s risk of
falling under demanding postural conditions that challenges the medio-
lateral limits of stability.[73] Specifically, this stance tests the ability of
the tibialis anterior, soleus, and peroneus longus of both legs to keep the
COP within the narrow base width.[74] For all three groups, this stance
produced the second highest mean of the MVelocity of the six stances,
which is consistent with the literature[11,68] For the participant with
MALNS, the MVelocity in the tandem stance was the highest of the 6
stances. The later result could have been due to the participant’s uneven
leg length. That is, in the tandem stance, the participant with MALNS
employed his right leg as the lead leg. The left leg, the trialing leg, was
1.9 cm longer, might have added an increase challenge to PC in the
anterior-posterior direction.

The single-leg stance (IFT)(figure 5 D) introduces an additional challenge
to the postural-control system by reducing the base of support thus
demanding more adjustments to prevent loss of stance.[75] This stance
is essential during daily living activities as a single task as well as a
component of other more complex tasks. In clinical practice it is widely
used as a testing task because it helps quantify balance deficits of the
single limb otherwise concealed during the performance of double limb
tasks.[75,76] It is likewise used to assess risk of falls.[77] Single-leg
balance involves ankle stabilizers (peroneal muscles, tibialis anterior, and
tibialis posterior muscles), lower leg muscles (gastrocnemius and soleus),
and muscles to stabilize the knee (vastis lateralis, rectus femoris) and hip
(gluteus muscles). Although the MVelocity of the participant with
MALNS was much higher than NT participants, it was less than and
similar to participants with DS and ID without DS, respectively. This
suggests that the PC of the single-leg stance for the participant with
MALNS was comparable to his peers with ID.

Conclusion

Whether or not the results of the participant with MALNS in this study
are representative of the PC of youth with MALNS is currently unknown.
It is hopeful that the outcome of this study will encourage other clinicians
to report the PC of youth with MALNS using a pressure plate given their
associated risk of falls.
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