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A Randomized Clinical Trial of a New Orthodontic Appliance to Improve
Upper Airway Obstruction in Infants with Pierre Robin Sequence

WOLFGANG BUCHENAU, MD,* MICHAEL S. URSCHITZ, MD,* JUDIT SAUTERMEISTER, MD, MARGIT BACHER, MD, TINA HERBERTS,
JOERG ARAND, MD, AND CHRISTIAN F. POETS, MD

bjective To test the hypothesis that a new orthodontic appliance with a velar extension that shifts the tongue anteriorly
ould reduce upper airway obstruction in infants with Pierre Robin sequence (PRS).

tudy design Eleven infants with PRS (median age, 3 days) and an apnea index (AI) >3 were studied. The effect of the new
ppliance on the AI was compared with that of a conventional appliance without a velar extension by using a crossover study
esign with random allocation.

esults Compared with baseline (mean AI, 13.8), there was a significant decrease in the AI with the new appliance (3.9;
value <.001), but no change with the conventional appliance (14.8; P � .842). Thus, the relative change in AI was �71%

95% CI, �84-�49) for the new appliance and �8% (95% CI, �52-142) for the conventional appliance, which was significantly
ifferent (P � .004). No severe adverse effects were observed.

onclusion This new orthodontic appliance appears to be safe and effective in reducing upper airway obstruction in infants
ith PRS. (J Pediatr 2007;151:145-9)

he Pierre Robin sequence (PRS), characterized by mandibular micrognathia or retrognathia and glossoptosis with or
without cleft palate, presents clinically with intermittent upper airway obstruction (UAO) and feeding difficulties, which
are most severe during the first months of life.1-4 PRS can lead to intermittent hypoxia, hypercarbia, cor pulmonale,

ailure to thrive, neurodevelopmental delay, and even sudden death.5,6 The incidence of PRS varies between 1 in 8,500 to 14,000
irths.7-10 It is associated with other malformations in about half the cases.4,6

Isolated PRS without other malformations does not appear directly to affect neurodevelopment. Active intervention may
herefore be required to reduce the risk for neurocognitive impairment resulting from UAO. Endoscopic studies have shown that
AO in PRS results from the reposition of the dorsum of the tongue, an inward movement
f the lateral pharyngeal wall, or both.3 Thus, treatment of UAO should stabilize the
haryngeal wall, widen the hypopharynx, or both by shifting the tongue anteriorly.

Current treatment options for UAO range from prone positioning,6 use of a
asopharyngeal tube,11 surgical tongue advancement (ie, glossopexy via tongue-lip adhe-
ion12), and mandibular distraction13,14 to tracheostomy.15 Some of these treatments are
nvasive or inconvenient, and none has been subjected to a randomized clinical trial.

An acceptable, convenient, and effective alternative may be an intraoral orthodontic
ppliance with a velar extension.16 Our study group has further developed this appliance
y repositioning and lengthening the velar extension (the Pre-Epiglottic Baton Plate
PEBP], Figure 1) to shift the tongue anteriorly and thereby widen the hypopharyngeal
pace. A case study suggested sufficient clinical safety and efficacy.17 We then evaluated
ystematically the effect of the PEBP on UAO in a group of infants with isolated PRS.

e hypothesized that this new appliance would significantly reduce the frequency of

I Apnea index
NOVA Analysis of variance
AI Index of all central apneas per hour of

corrected total sleep time
PP Conventional palatal plate
CO2 Partial pressure of carbon dioxide
I80 Index of all oxygen desaturations to �80%

SpO2 per hour of corrected total sleep

DI85 Index of all oxygen desaturations to �85%
SpO2 per hour of corrected total sleep
time

MOAI Index of all mixed and obstructive apneas
per hour of corrected total sleep time

PEBP Pre-Epiglottic Baton Plate
PRS Pierre Robin sequence
SpO2 Pulse oximetry-derived oxygen saturation
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pisodes of UAO during sleep compared with a conventional
alatal plate without velar extension (CPP).

METHODS

atients
Infants up to 3 months with isolated PRS born at our

ospital or referred to the neonatal intermediate care unit of
ur department were eligible for enrollment. They were in-
luded when parents or legal guardians gave written informed
onsent and infants had significant UAO during sleep, de-
ned as a mixed-obstructive apnea index (MOAI) �3 in an

nitial sleep study performed on the night of admission (base-
ine assessment). Infants were not included when they had
dditional major malformations (eg, congenital heart disease),
concomitant upper or lower respiratory tract infection, or

evere UAO-related hypoxemia (ie, �3 desaturations to
60% pulse oximetry-derived oxygen saturation [SpO2] in

he initial sleep study).

tudy Design
A randomized clinical trial with a crossover study de-

ign and 2 study groups was conducted (Figure 2). Patients
ere enrolled by 1 author (W.B.) and allocated to 1 of the

tudy groups by another author (M.S.U.) not involved in
linical management. The random allocation sequence was
enerated with random numbers delivered by software. After
nrollment, study group 1 received CPP first (study phase 1)
ollowed by PEBP (study phase 2), and study group 2 received
EBP first (study phase 1) followed by CPP (study phase 2).
nfants received each appliance for at least 36 hours before the
ffect on UAO was assessed with a sleep study. During this
ime, the appliances were removed only for cleaning purposes.
his study protocol was approved by the institutional review

igure 1. The Pre-Epiglottic Baton Plate with the velar extension.
oard of Tuebingen University Hospital. c

46 Buchenau et al
reatment Modalities
After enrollment, infants had a maxillar cast taken. By

sing this cast as a model, both types of palatal plates were
ade from compound soft and hard acrylic (Forestacryl-

trong-S, Foerster, Germany), covering both the palate (in-
luding the cleft) and the alveolar ridges. The CPP was
hosen for the control phase to enable a blinded analysis.
ecause we did not expect the CPP to have any beneficial
ffect on UAO, the CPP was used as a sham procedure. It was
esigned to reach not more than 3 mm beyond the hard
alate. The PEBP had a velar extension of approximately 2 to
cm in length. The position of this extension was endoscop-

cally inspected and adjusted when necessary. In severe cases,
wire structure was added to the PEBP and secured on the

nfant’s face with adhesive tape (Steri-Strip, 3M Health Care,
SA). Appliances were inserted and kept in situ during sleep

nd wakefulness. They were held in situ by suction and
dhesion; when necessary, an adhesive cream (Corega Super-
aftcreme, Procter & Gamble, UK) was used to improve
etention.

erformance of Sleep Studies
Cardiorespiratory sleep studies were performed with a

omputerized polysomnographic system (Embla N7000 and
omnologica Studio 3.0 software, Embla, Canada). The study
ontage comprised these channels and sensors: chest and

bdominal wall movements (respiratory inductance plethys-
ography, Embla), nasal pressure and linearized nasal airflow

nasal prongs and built-in pressure transducer, Embla), oral
irflow (thermocouple, Pro-Tech, USA), snoring (vibration
ensor, New Life Technologies, USA), pulse waveform and
-seconds-average SpO2 (Radical, Masimo, USA), electro-
ardiography and beat-to-beat heart rate (Embla), transcuta-
eous carbon dioxide partial pressure (pCO2, Microgas 7650,
inde, Switzerland), and digital video (infrared black and
hite camera, Panasonic, Japan). An electroencephalogram
as not recorded so as to interfere as little as possible with the

nfants’ sleep. Recordings commenced in the evening and
asted for at least 8 hours. All infants were studied in the
upine position. After the completion of the sleep study, a

igure 2. The CONSORT diagram. The chart shows the flow of
articipants through each stage of the study.
apillary blood sample was taken and analyzed for pH and
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CO2. Infants underwent sleep studies at admission (baseline
ssessment) and after the appliance of the CPP and the PEBP
study phase 1 and 2).

nalysis of Sleep Studies
Recordings were made anonymous by 1 author

M.S.U.) and analyzed by another author (J.S.), who was also
ot involved in clinical management and blinded to treatment
llocation. First, the total recording time was determined, and
leep was distinguished from wakefulness by assessing the
nfant’s behavior for each 60-second epoch of the video re-
ording. Prechtl’s behavioral states were assigned to each
poch.18 State 1 and 2 were regarded as sleep; states 3 through

were regarded as wakefulness. Recording periods during
hich the infant was taken out of bed, fed, or otherwise cared

or were not considered. Total sleep time was then calculated
s total recording time minus all periods of wakefulness.

Second, within total sleep time and without considering
he video, recordings were re-analyzed for artifactual or un-
nterpretable readings on the nasal flow, thoracic or abdom-
nal effort, or oximetry channel. Artifactual/uninterpretable
ecording periods were excluded from the total sleep time
hen they lasted for �5 minutes, and the corrected total sleep

ime (ie, total sleep time without artifactual/uninterpretable
ecording periods) was then calculated. Recordings with a
orrected total sleep time �150 minutes were excluded from
urther analysis.

Third, recordings were manually re-analyzed for the
resence of respiratory events by using standard criteria.19 In
rief, an apnea was scored when: 1) the amplitude of the nasal
irflow fell to �20 % of the average amplitude of the 2
receding breaths; 2) no airflow was detected at the mouth;
nd 3) the event comprised at least 2 breath cycles (ie, ap-
roximately 4 seconds). An obstructive apnea was scored
hen: 1) criteria for apnea were fulfilled and 2) out-of-phase
ovements of the chest and abdominal wall were present. For

entral apneas, we used a definition apart from the guideline.
his was done to enhance sensitivity to possible adverse

ffects of the appliances. Thus, a central apnea was scored
hen criteria for apnea were fulfilled and no chest or abdom-

nal wall movements were present. Mixed apneas were defined
s apneas with both central and obstructive components, each
asting at least 2 breath cycles. The MOAI (ie, index of all

ixed and obstructive apneas per hour of corrected total sleep
ime) and a central apnea index (CAI; index of all central
pneas per hour of corrected total sleep time) were calculated.

Fourth, desaturation events were visually confirmed to
xclude spuriously low values. Events with a distorted pulse
aveform signal within 7 seconds before their onset were

onsidered to be artifactual and were excluded. The occur-
ence of desaturation events to �80% and �85% SpO2 was
ounted, and indices, defined as events per hour of corrected
otal sleep time, were then calculated for desaturation events

o �80% (DI80) and �85% SpO2 (DI85). u

Randomized Clinical Trial of a New Orthodontic Appliance to Improv
equence
tatistical Methods
The primary study variable was the MOAI, which was

right-skewed variable. For sample size calculations and
tatistical hypothesis tests, the MOAI was log-transformed to
chieve a normally distributed test variable. Because the geo-
etric mean corresponds to the arithmetic mean after log-

ransformation, descriptive statistics for the untransformed
OAI are given as the geometric mean and its 95% CI.

Sample size calculations on the basis of a pilot study
omprising 3 patients revealed that 11 study participants
ould be sufficient to detect a decrease in the geometric mean

rom 20 to 5 MOAI with 0.05 type I and �0.2 type II error
ie, actual power, 83.7%). This calculation was based on an
stimated SD of 1.4 for the paired difference between the
og-transformed baseline and PEBP MOAI.

Except for the MOAI, descriptive statistics such as
umbers and percentages and median, minimum, and maxi-
um were used to summarize demographic and other clinical

haracteristics. Comparisons between baseline and treatment
hase stratified by type of treatment were made with the
tudent t test for paired data. Comparisons between treat-
ent modalities (ie, CPP and PEBP) adjusted for study

hase, interaction (study phase times treatment), and random
ffects (ie, individuals) were done with analysis of variance
ANOVA). To adjust for group differences at baseline, the
aired difference between baseline and treatment phases was
sed as the dependent variable in the ANOVA. All statistical
ests were performed with the aforementioned log-trans-
ormed test variable.

The CAI, DI80 and DI85, and the capillary blood pH
nd pCO2 were secondary study variables and not trans-
ormed for analysis. Non-parametric tests for paired data (ie,
riedman and Wilcoxon test on ranks) were used for second-
ry study variables. Pair-wise comparisons with the Wilcoxon
est were performed when the global test (ie, Friedman test)
evealed significant differences in the study phases. A P value
.05 was considered to be statistically significant. No adjust-
ent for multiple testing was performed for secondary study

ariables. All analyses were completed with statistical software
ackages: sample size calculations were done with SAS ver-
ion 9.1 for Windows (SAS Institute, Cary, NC), the remain-
ng analyses were done with SPSS version 12.0.1 for Win-
ows (SPSS, Chicago, IL).

RESULTS
Between November 2002 and January 2005, 21 infants

ith isolated PRS were born in or transferred to our depart-
ent. Of these, 5 infants had an MOAI �3 at baseline; 3

arents refused to give consent, and 2 infants were subse-
uently excluded because 1 sleep study did not comprise
ufficient corrected total sleep time (Figure 2). Finally, 11
nfants (6 in study group 1 and 5 in study group 2) completed
he study. Their demographic and clinical characteristics are
iven in Table I.

All infants tolerated the study procedures well and

nderwent the allocated interventions according to the pre-

e Upper Airway Obstruction in Infants with Pierre Robin
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1

efined sequence. No protocol deviations occurred, and an
ntention-to-treat analysis was performed. Severe adverse
vents like bleeding, systemic infections, or aspiration were
ot observed. The most frequent adverse effect was the oc-
urrence of tender spots on the hard or soft palate. They,
owever, improved in all affected infants after manually re-
haping the plate.

Descriptive statistics for the primary and secondary
tudy variables are shown in Table II. In 10 of 11 infants, the

OAI decreased with PEBP, whereas such an improvement
as observed in only 4 infants with CPP. The Student t test

or paired data revealed a statistically significant decrease (P �
0007) in the MOAI from baseline (geometric mean, 13.8;
5% CI, 7.5-25.4) to the PEBP phase (geometric mean, 3.94;
5% CI, 1.6-9.5). No such change was observed for the CPP
hase (geometric mean, 14.8; 95% CI, 5.4-41.0; P � .842).

ith ANOVA, a statistically significant difference in the
hange of MOAI by type of treatment was found (P � .004).
he relative change (95% CI) in MOAI compared with
aseline was �8% (�52-142) for CPP and �71% (�84-
49) for PEBP.

However, there was a concern about the presence of a
arryover effect. The interaction term between study phase
nd treatment explained a significant part of the variance of
he test variable (P � .0435). We, therefore, repeated the
nalysis after excluding the second study phase (ie, the cross-
ver phase), which did not change the results. The effect of
ype of treatment on MOAI was still statistically significant
P � .003). For secondary study variables, there were no
tatistically significant differences in treatment phases.

DISCUSSION
In a sample of infants with PRS and clinically signifi-

ant UAO, we found that a new orthodontic appliance, in
ontrast to a conventional one, significantly reduced the fre-
uency of mixed and obstructive apneas during sleep. Even
ild UAO only recognizable by sleep studies improved after
days of treatment. This new orthodontic appliance may thus
ffer a convenient and effective treatment option for UAO in
nfants with PRS.

UAO is the predominant clinical problem for infants

able I. Demographic and clinical characteristics of
tudy subjects (N � 11)

Characteristics Results

ex (male/female) 3/8
estational age at birth (weeks) 39 (36–41)
irth weight (gm) 3430 (2300–4150)
ength at birth (cm) 50 (47–57)
ead circumference at birth (cm) 34 (32–39)
minutes APGAR score 10 (8–10)
ge at admission (days) 3 (0–60)
uration of stay in hospital (days) 23 (19–71)

alues given as median (minimum-maximum).
ith PRS. It may lead to intermittent hypoxia, failure to d

48 Buchenau et al
hrive, mental retardation, and even sudden death. The ge-
ioglossus muscle normally protrudes and depresses the
ongue. In PRS, it is displaced posteriorly, thereby forcing the
ongue into the palatal defect and obstructing the nasal pas-
age, the hypopharynx, or both. Earlier attempts to treat
AO in PRS were either invasive (eg, nasopharyngeal tubes
r mandibular distraction) or only effective in mild cases and
raught with an increased risk of sudden infant death syn-
rome (eg, prone positioning). However, most of these treat-
ents were not directed at the cause of UAO or have not

een evaluated in a randomized clinical trial.
Oral appliances have been used for �30 years in PRS to

acilitate bottle-feeding and to keep the tongue out of the
left.20-22 In contrast to these goals, the PEBP aims to push
he base of the tongue anteriorly to widen the hypopharynx
nd promote mandibular catch-up growth. Conventional pal-
tal plates may even be harmful in PRS, because CPP treat-
ent was associated with an increase in the frequency of
ixed and obstructive apneas during sleep in 7 of 11 infants.

Severe UAO can cause failure to thrive by either an
ncreased energy expenditure or sleep disturbance.23 In PRS,
ailure to thrive may also result from feeding difficulties,
ecessitating nasogastric tube feeding in 30% to 50% of
atients,10,24 sometimes even despite apparently successful
ositional treatment or mandibular distraction.25 In our
tudy, nasogastric tubes could be removed in all infants during
EBP. This may indicate that PEBP does not interfere with,
ut may even help to promote, oral feeding.

We only enrolled infants with isolated PRS, yet approx-
mately 50% of infants with PRS have it as part of other

alformations. We refrained from studying such infants be-
ause of the heterogeneous pathogenesis of their UAO. Our
wn unpublished data, however, suggest that the PEBP is
qually effective in relieving UAO in those infants.

We chose a crossover study design despite presence of a
previously unknown) carryover effect. This most likely biased
ur data. The positive long-lasting effect of PEBP on UAO
nfluenced the following CPP treatment phase in 1 study
roup. Thus, the results for the CPP treatment would be even
orse without this carryover effect. To account for this prob-

em, we re-analyzed our data according to a parallel-group
esign. This, however, did not change the main finding of
his study.

Sleep studies were performed in the supine position.
his prevented us from demonstrating that positional treat-
ent alone was insufficient to treat UAO. Although posi-

ional treatment has been reported as successful in 70% of
nfants with UAO,26,27 it rarely proved to be an adequate
ong-term treatment in severe cases.3 In our study, most
nfants had been referred to our department after prone po-
itioning had failed. We caution against using prone position-
ng on a routine basis because of its association with the
udden infant death syndrome.

Sleep staging was based on behavioral criteria only, but
hese are validated and commonly used in neonates.28 Our

ecision not to record the electroencephalogram, however,
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revented us from identifying arousals. Theoretically, the
ecrease in MOAI thus could have been the result of a
eduction in total sleep time, but this was not the case. Recent
ork from our group has shown that the PEBP leads to

mproved sleep quality and fewer arousals (unpublished data).
lso, we did not identify hypopneas, but these are uncommon

n neonates, and there are no standard criteria yet for this age
roup.
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