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Abstract

Background: Down syndrome (DS) is one of the commonest causes of developmental delay in children, with equilibrium
problems being an integral part of the syndrome. This leads to further impairment of cognitive and concentration abilities.

Material and methods: In our study, 30 DS children were categorized into 3 groups: bilateral normal middle ear pressure, bi-
lateral abnormal middle ear pressure, and unilateral abnormal middle ear pressure. Sensory components of balance (soma-
tosensory, visual, and vestibular) were assessed using computerized dynamic posturography.

Results: Results showed a statistically significant decrease in composite score, visual ratio, and vestibular ratio among DS chil-
dren compared to normal children. No significant differences in sensory parameters between the various DS groups (with var-
ious tympanogram types) were encountered.

Conclusions: This might lead one to suspect central and proprioceptive causes behind balance problems in DS, but further
extended studies are needed to confirm this. Bedside screening tests for visual and vestibular functioning of balance are rec-

ommended, e.g. past pointing and Fukuda for early detection and intervention.
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PROBLEMAS DE EQUILIBRIO EN LOS NINOS CON EL SINDROME DE DOWN:
SUS DISTINTOS COMPONENTES SENSORIALES Y LA RELACION CON LAS
ALTERACIONES EN EL OIDO MEDIO

Resumen

Introduccion: El Sindrome de Down (Down syndrome, DS) es una de las causas mas frecuentes del retraso del desarrollo de
los nifios con problemas de equilibrio, que, al mismo tiempo, es una parte integral de DS. Esto, a su vez, conduce a mayores
dificultades en la adquisicién de habilidades cognitivas y en la concentracion.

Materiales y métodos: En nuestro estudio, 30 nifios con el Sindrome de Down han sido divididos en 3 grupos: primer grupo
con una presion bilateral normal en el oido medio, segundo grupo con la presion bilateral incorrecta en el oido medio, y un
tercer grupo, con la presion unilateralmente incorrecta en el oido medio. Los componentes sensoriales del equilibrio (soma-
tosensoriales, visuales y vestibulares) han sido evaluados mediante la posturografia computerizada dinamica.

Resultados: Los resultados demuestran una disminucién estadisticamente significativa en el resultado total, del indice vi-
sual y vestibular, entre los nifios con el Sindrome de Down, en comparacion con los nifos sanos. No se han observado dife-
rencias significativas en los pardmetros entre los tres grupos de personas con el DS (con distintos tipos de timpanogramas).

Conclusiones: Los resultados obtenidos indican que los trastornos centrales o kinestésicos pueden ser responsables de los pro-
blemas de equilibrio en el caso del sindrome de Down. Sin embargo, para confirmar este hallazgo, se necesitaria mas investi-
gacion en profundidad. Para una deteccion e intervencion tempranas, se recomiendan las pruebas de cribado de las funcio-

nes visuales y vestibulares de equilibrio, tales como, por ejemplo, past pointing y Fukuda,
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IIPOBJIEMbI C PABHOBECUEM VY IETEV C CUHIPOMOM JIAYHA:
X PA3JIMMHBIE CEHCOPHbBIE KOMIIOHEHTDBI 1 CBA3b C HAPYIIEHUAMMNU
B CPEJHEM YXE

W3noxxenue

Beepenne: Cunnpom [Jayna (Down syndrome, DS) sBnsieTcs ofHOI 13 Hanbosiee pacipOCTPaHEHHDBIX IPUYMH 3aJepPK-
KM PasBUTUA JieTell C IpobreMaMy paBHOBECH A, KOTOPbIE, B CBOIO 04epelb, AB/IAITCA HeOTheMINMOI YacTbio DS. OTto
MPUBOUT K JJATBHENIINM CIOKHOCTSIM B MIPUOOPETEHNI KOTHUTYBHBIX HABBIKOB U KOHIIEHTPALIIL.

Marepuan u MeToabl: B Hamtem uccnegoBanun 30 mereit ¢ DS 6bu1y paspeseHsl Ha 3 TPyNIbL: ¢ ABYCTOPOHHUM HOP-
MasbHBIM JaB/IEHNEM B CPEHEM yXe, C ABYCTOPOHHUM aHOMA/TbHBIM [IaB/IeHNEM B CPeJHeM yXe M C OFHOCTOPOHHUM
aHOMa/IbHBIM IaB/IeHNeM B cpegHeM yxe. CeHCOpHble KOMIIOHEHTBI PaBHOBECH: (COMaTOCEHCOPHbIE, 3pUTE/IbHbIE 1 Be-
CcTUOYIsIpHbIE) ObIIN OLEHEHbI C IOMOLIBIO AMHAMIYECKOI KOMITBIOTEPHOI OCTyporpaduiu.

Pesynprarpl: Pe3ynbTaThl IOKa3amm CTaTMCTUYECKM 3HAYMMOE CHIDKEHME OOLIero pesynbraTa, 3pUTeIbHOTO U BeCTH-
Oy/IsApHOro ImoKasaTesneit cpenu feTeit ¢ DS 1o cpaBHEHNIO cO 3H0POBBIMU feTbMM. He 0TMe4eHO CyleCTBEHHOI pas-
HUIIBI B IapaMeTpax MeXXAY IpyHIamu auL ¢ DS (¢ pa3nuyHpIMYU TUIIAMU TYMIIAHOTPAMM).

BriBoppl: [TomydyeHHbIE pe3y/IbTaThl YKa3bIBAIOT, YTO LIEHTPAAbHbIe MM KMHECTeTUYeCKIe HapyllIeH!sA MOTYT BbI3BaTh
mpo67ieMsbl ¢ paBHOBecHeM B ciaydae cuHgpoma JJayHa. OfHaKo, YTOObI IOATBEPAUTD 9TO YTBEP)XK/eHe, HEOOXOAVMBI
IanpHelIe UCCTIefoBaHusA. PEKOMEHAYIOTCS CKPYHIHTOBbIE 06C/IeOBaHMs 110 MECTY JIeYeHIs 3PUTETbHbIX U BECTH-
Oy/sApHBIX QYHKUMIT paBHOBECHUs, HAIIp. NTa/Iblle-NaiblieBas mpoba u tect Pykyxnel, A1 60nee paHHero 06HAPY>KeHUA
U BMeIIaTe/IbCTBA.

KmroueBble cmoBa: CunapoM [layHa « cpefHee yXO0 o 6aaHC Tena

PROBLEMY Z ROWNOWAGA U DZIECI Z ZESPOLEM DOWNA:
ICH ROZNE KOMPONENTY ZMYSLOWE ORAZ ZWIAZEK Z ZABURZENIAMI
W UCHU SRODKOWYM

Streszczenie

Wprowadzenie: Zespot Downa (Down syndrome, DS) jest jednym z najczestszych powodoéw opdznienia rozwoju dzieci z pro-
blemami réwnowagi, ktdre z kolei sg nieodfacznag czescig DS. Prowadzi to do dalszych trudnosci w zdobywaniu umiejetno-
$ci poznawczych i koncentracji.

Material i metody: W naszym badaniu, 30 dzieci z DS zostalo podzielonych na 3 grupy: z obustronnym prawidlowym ciénie-
niem w uchu §rodkowym, obustronnym nieprawidlowym ci$nieniem w uchu §rodkowym, oraz jednostronnym nieprawidlo-
wym ci$nieniem w uchu §rodkowym. Zmystowe komponenty réwnowagi (somatosensoryczne, wzrokowe i przedsionkowe)
byly oceniane przy pomocy dynamicznej posturografii komputerowej.

Wyniki: Wyniki pokazaly statystycznie istotny spadek wyniku facznego, wskaznika wzrokowego i przedsionkowego, wérod
dzieci z DS w poréwnaniu z dzie¢mi zdrowymi. Nie zaobserwowano istotnych réznic w parametrach pomig¢dzy grupami oséb
z DS (z réznymi typami tympanogramow).

Whioski: Uzyskane wyniki wskazujg ze zaburzenia centralne lub kinestetyczne moga by¢ odpowiedzialne za problemy z réw-
nowaga w przypadku zespotu Downa. Jednakze aby potwierdzi¢ to stwierdzenie potrzebne sg dalsze doglebne badania. Za-
leca si¢ przytézkowe badania przesiewowe wzrokowych i przedsionkowych funkcji rownowagi, np. past pointing i Fukuda,
w celu wezesnego wykrycia oraz interwencji.

Stowa kluczowe: Zesp6t Downa « ucho §rodkowe o balans ciata

Background in children [1]. In individuals with DS, inner ear dyspla-

sia is common. Inner ear structures are universally hy-
Down syndrome (DS) is one of the most prevalent chro- poplastic and vestibular malformations are particularly
mosomal disorders and is a cause for developmental delay common [2,3]. This may lead to equilibrium troubles and
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cognitive deficits. Poor concentration with impaired short-
term memory occurs frequently among patients with ves-
tibular abnormalities [4,5].

Disequilibrium in children with DS manifests as them
having a wide support base, frequent falling, difficulty in
everyday activities like walking without assistance, going
downstairs, and moving in a dark environment [6].

Static standing and balance has been studied in DS cases
(10-19 years old) under four conditions (C1: open-eyes/
fixed foot support; C2: closed eyes/fixed foot support; C3:
open eyes/compliant foot support; C4: closed eyes/compli-
ant foot support).To evaluate the contribution of each sen-
sory system influencing postural control, ratios among the
four conditions were calculated. Mean values of all condi-
tions were higher in the cases than in the control group [8].

Another study in DS subjects also found an increase in
frequency oscillation both in the anterior-posterior and
medio-lateral directions [6,7].

In DS, congenital anomalies of the Eustachian tube (ET)
play an important role in the etiology of both otitis me-
dia and middle ear dysfunction, more so than in normal
children. ET anomalies include: extreme smallness, col-
lapse in the mid-cartilaginous isthmus and tympanic por-
tions, and poorly developed lateral cartilage in the mid-
cartilaginous portion [9].

The aim of this study is to assess the balance of individu-
als with DS in comparison to controls by measuring def-
icits in balance skills, and to compare balance in DS chil-
dren who have normal or abnormal middle ear pressure.

Material and methods

Exactly 30 DS children (male and female) were selected
from a clinic of children with special needs (National Re-
search Centre) and the Hearing and Balance Unit Kasr El-
Aini Hospital, Cairo University, according to institutional
policies and ethical approval.

Their ages ranged from 8-16 years. They were divided into
3 groups: group A included 13 DS children with bilateral
normal middle ear pressure (or with ventilation tube in-
sertion); group B comprised 12 DS children with bilater-
al abnormal middle ear pressure; and group C included
5 DS children with unilateral abnormal middle ear pres-
sure. The sample size was considered a pilot study from
which further replication studies could be done depend-
ing on its results.

The enrolled cases were subjected to clinical assessment in-
cluding medical history, otoscopic examination, and bed-
side clinical tests for vestibule-spinal tract integrity (past
pointing, Romberg test, Fukuda test). Immitancemetry in-
cluding tympanometry and acoustic reflexes was checked
at frequencies of 500, 1000, 2000, and 4000 Hz was done
using the Amplaid 720 immittancemeter.

Assessment of the three sensory components of balance
(somatosensory, visual, and vestibular) was performed
using computerized dynamic posturography (The Smart

balance master, version 4 neurocom). This was done un-
der a variety of altered visual and support surface condi-
tions using a protocol for the sensory organization test
(SOT). The SOT protocol involves six sensory conditions
and objectively identifies abnormalities in the three sen-
sory systems contributing to postural control: somatosen-
sory, visual, and vestibular. Useful information delivered
to the patient’s eyes, feet, and joints is effectively elimi-
nated through calibrated ‘sway referencing’ of the sup-
port surface and/or visual surrounds, which tilt to direct-
ly follow the patient’s antero-posterior body sway. As a
result, patients may display either an inability to make ef-
fective use of individual sensory systems, or inappropri-
ate adaptive responses, resulting in the identification of
inaccurate sense(s).

For each child, 18 trials of 20 seconds each were per-
formed, giving three consecutive trials for each of the six
sensory conditions. The first two sensory conditions were
a standard Romberg test (i.e. eyes open and eyes closed
on a fixed platform) while the other four conditions con-
sisted of altered sensory conditions created by the visual
surround and/or the platform.

The overall performance in SOT was described by a com-
posite score which represents the average of the equilib-
rium scores [7], with a score of 70 or greater indicating
normal.Sensory analysis ratios were used to identify pos-
sible impairments of individual sensory systems. The so-
mato-sensory ratio (condition 2/ condition 1), visual ra-
tio (condition 4 / condition 1), vestibular ratio (condition
5 / condition 1) and the visual preference ratio = (condi-
tion 3+6 / condition 2+5).

Statistical analysis was done with the statistical software
package SPSS version 10. Chi-square tests, analyses of
variance (ANOVA), and Bonferroni multiple compari-
sons tests were used, with a level of 0.05 indicating statis-
tical significance.

Results

The three study groups displayed matching IQ scores (50—
70). Comparisons between normal children and DS chil-
dren as regards the composite score and sensory respons-
es were made. There was a statistically significant decrease
in composite score in DS children compared to normal
age matched children (p=0.03, Table 1). Of the sensory
parameters, the visual and vestibular ratios were signifi-
cantly different among DS children compared to normal
children, (p=0.05 and 0.01 respectively, Table 2).

Acoustic reflex: was lost in all individuals of group B and
C and in 9 children of group A with a significant statisti-
cal difference (p =0.049).

Romberg test was only positive in one individual of group
B while the Fukuda test was positive in 4 cases (2 in group
B and 2 in group C) with the difference not reaching sta-
tistical significance (p=0.075).

The pastpointing test showed no statistically significant dif-
ference among the 3 groups with a p value of 0.275, with 3
children showing a positive result in each of the 3 groups.
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Table 1. Comparison between normal children and DS children for the sensory organization test (SOT) composite score

Group A Group B Group C Normal
f p-value
Mean +SD Mean *SD Mean *SD Mean +SD
Composite score 61.76+£10.52 60.83+8.21 62.40+6.22 69.10+6.81 3.70 0.03*

Table 2. Comparison of sensory analysis between normal children and Down syndrome (DS) children

Normal children DS children t-test
Mean +SD Mean +SD t p-value
Somatosensory ratio 1.01+0.10 1.01£0.10 1.32 0.08
Visual ratio 0.96+0.10 0.74+0.18 3.49 0.05*
Vestibular ratio 0.80%0.09 0.59+0.19 3.98 0.01*
Visual preference 1.01+0.11 0.95+0.10 1.91 0.3
Figure 1. Comparison of sensory analysis
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The SOT between the 3 groups showed 28 cases to have
some sort of abnormality. Vestibular ratio deficits (the most
common posturographic abnormality) were found in 28
cases: 20 of the 28 had vestibular deficits alone and 8 cas-
es had vestibular deficits in combination with other defi-
cits. The second most common deficit was visual: 8 cases
had visual deficits in combination with a vestibular ratio
deficit. Somatosensory ratio or visual preference ratio ab-
normalities were not detected among our cases. Overall
analysis showed no statistically significant difference in
composite score and sensory analysis ratios between the
three examined groups (Figure 1).

There was a positive correlation between the age of the pa-
tient and the composite test score in DS. However, there
was no statistically significant correlation between the IQ
test and the composite score in DS children. Further anal-
ysis of various parameters of sensory analysis and IQ and
age in DS children was performed. There was a positive
correlation between IQ and vestibular ratio (p=0.037).

The correlation between bedside tests for balance and el-
ements of SOT was examined. There was a positive cor-
relation between the Fukuda test and somatosensory ratio
and visual ratio (p=0.034 and 0.02 respectively).

20

There was a statistically significant correlation between
past pointing test and vestibular ratio and composite score
(p=0.004 and 0.022 respectively).

Discussion

Our study assessed balance in DS children and related it
to middle ear problems in these children. Grouping of the
examined children was based on middle ear function as
indicated by a tympanogram. Ear, nose, and throat (ENT)
problems are common in children with Down Syndrome
(DS). These include problems with chronic ear infections
and chronic middle ear effusions, airway obstruction, and
sleep apnea, as well as problems with chronic rhinitis and
sinusitis [11].

There was no significant difference between the 3 groups
with different categories of tympanogram and Eustachian
tube function, in SOT parameters which highlights oth-
er abnormalities as a cause of balance disturbances in DS,
mainly inner ear and the proprioceptive system. This is in
accordance with previous studies [12].

It would be of very useful to discover the aetiology of bal-
ance dysfunction in DS children and whether it relates to
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ear problems or other factors (e.g. cerebellar or proprio-
ceptive problems). Our study revealed balance differenc-
es between DS and normal children with no significant
difference in SOT parameters between the DS groups ac-
cording to Eustachian tube function.

Further studies are needed to explore the balance diffi-
culties in DS in relation to middle ear pressure. Previous
studies in normal children have highlighted that otitis me-
dia is associated with balance disturbances ranging from
true vertigo to mild ataxia in 22% of children with chron-
ic middle ear problems. There seems to be no difference
between unilateral and bilateral cases [13].

One of the interesting findings is the relationship between
IQ score, visual orientation, and balance disorders. Our
results shows that, when considering the overall compos-
ite score, an influential factor that increases balance prob-
lems in DS children is a significantly negative relation
between IQ level and vestibular score. A previous study
showed that in DS, visual orienting behaviour and visual
processing time were mainly affected by IQ level and age
[14]. Our data are noteworthy in showing a correlation be-
tween vestibular function and IQ. There was a statistically
significant difference in vestibular ratio between DS chil-
dren and normal children and also a positive correlation
between IQ and vestibular ratio (p=0.037) in DS children.

Our results showed significantly reduced composite score
in DS children when compared to normal children, which
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In conclusion, the current study shows that sensory anal-
ysis of balance using SOT in DS and an age-matched con-
trol group shows a significant difference in visual and ves-
tibular function.

No differences were found in sensory parameters of SOT
in DS children that were grouped according to tympano-
gram type, which suggests central and proprioceptive rea-
sons behind balance problems in these children. This find-
ing should be further extended to studies of DS children
of different ages. We also recommend using some screen-
ing tools for balance in DS children, for example, Fuku-
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