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ABSTRACT

The efficacy of a titratable mandibular advancement splint (MAS) for
the management of obstructive sleep apnea (OSA) was investigated in relation to
supine cephalometric variables. Fourteen adults with diagnosed OSA were re-
cruited following an initial polysomnogram. Supine cephalographic radiographs
were taken at baseline and subjects wore the MAS nightly for 6 to 8 weeks. The
polysomnogram and cephalogram were repeated with the MAS at maximal titra-
tion. The MAS resulted in complete or partial treatment response in all subjects
as measured by the improvement in mean apnea/hypopnea index (AHI) (baseline
AHI 34 ± 22/hr, with MAS 10 ± 5/hr; p = 0.001). The perpendicular distance be-
tween the hyoid bone and the mandibular plane (HYML) measured in awake
subjects decreased with the MAS (baseline HYML 25.3 ± 7.8 mm, with MAS
16.5 ± 9.6 mm; p = 0.002). Baseline HYML was the only cephalometric variable
associated with a successful clinical outcome. It was strongly linked to improve-
ments in AHI (adjusted R2 = 0.37, p = 0.012) and arousals (adjusted R2 = 0.455,
p = 0.005). We conclude that the MAS is an effective therapy for OSA and base-
line HYML is an important predictor of improvement. Improvements in AHI
may be explained by the MAS maintaining the new or existing relationship of
the hyoid and its surrounding structures, thus preventing obstruction in the
upper airway during sleep.
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OSA.20,21 In the upright posture, the cross-sectional
area of the hypopharynx is smaller in OSA patients
compared to snorers or normal subjects.22,23 In the
supine posture, awake OSA subjects maintain pha-
ryngeal muscle tone in order to prevent the upper air-
way from collapsing further due to increased gravita-
tional load on the tongue.23 However, during sleep,
loss of airway tone increases the risk of airway closure.

Investigators have used lateral cephalometry,
fluoroscopy, and videoendoscopy to evaluate the ef-
fect of oral appliances on the upper airway dimen-
sions of awake OSA subjects.24–26 Anterosuperior
elevation of the hyoid has been shown to occur
with mandibular advancement.17,25,27,28 However,
studies have not standardized supine cephalomet-
ric measures using reliable bony landmarks, and in
only one study using an oral device26 have supine
cephalometric measures been correlated with clini-
cal outcomes. Perhaps for these reasons the role of
cephalometry in predicting responses to treatment
has not been fully evaluated.

The present study was designed to confirm
the efficacy of a novel titratable mandibular ad-
vancement splint (MAS) in the management of
OSA and to evaluate objective improvements in
OSA in relation to supine cephalometric variables.

METHODS

Study Population

Sixteen subjects medically referred for suspected
OSA underwent full-night polysomnography (PSG)
at the Tom McKendrick Sleep Laboratory, Dunedin
Hospital. The subjects were diagnosed with OSA
and agreed to participate in the initial screening for
the study.

Inclusion criteria: Subjects with mild to
moderate sleep apnea (AHI 10 to 40/hr slept); sub-
jects with moderate to severe OSA (AHI 30 to
80/hr) who were noncompliant with a trial of nasal
continuous positive airway pressure (nCPAP).

Obstructive sleep apnea (OSA) includes
repetitive periods of partial or complete airway ob-
struction during sleep and daytime symptoms such
as hypersomnolence and decreased vigilance.1 A
wide spectrum of anthropometric, postural, patho-
physiologic, and cervicocraniofacial features may
contribute to OSA, some of which may be related
to ethnic groupings.2–7 Members of the Polynesian
population, for example, have greater neck cir-
cumferences and more prognathic mandibles than
Caucasians.4 Continuous positive airway pressure
(CPAP),8 which provides a pneumatic splint for
the upper airway, is the standard therapy and treat-
ment of choice in moderate to severe OSA. How-
ever, the efficacy of oral appliances, used predomi-
nantly in the conservative management of mild to
moderate OSA, has also been confirmed as an ap-
propriate alternative treatment.9–15

Despite considerable variation in appliance
design, the main objective of oral appliances is to
draw the mandible forward and alter the dynamics
of the upper airway by changing relationships be-
tween the pharyngeal space, hyoid bone, and tongue
position.10–18 The clinical benefits are remarkably
consistent and approximately half of treated pa-
tients achieve an apnea hypopnea index (AHI)
of fewer than 10 per hour slept (AHI < 10/hr)15,19

with a device in situ.
Recently, new design features have been in-

troduced in some oral devices in an attempt to re-
duce side effects such as discomfort from downward
rotation of the mandible and a fixed jaw position.
Oral splints, which enable the patient to gradually
adjust the amount of anterior positioning of the
mandible to achieve optimal position, have im-
proved the biomechanical relationships between the
mandible and the surrounding bony and soft-tissue
structures.14 Despite this, the optimal design and an
objective means of predicting the therapeutic re-
sponse to oral appliances have not been clarified.

The hyoid bone and its surrounding muscula-
ture play a key role in regulation of the pharyngeal
airway, and a low position of the hyoid relative to the
mandibular plane is a distinguishing feature of
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Figure 1 Titratable mandibular advancement splint
(MAS) in situ.

Exclusion criteria: Subjects who were eden-
tulous or had insufficient teeth on the maxillary and
mandibular arches to support the MAS; had a med-
ical history including severe cardiovascular, psycho-
logical, or neurological disorders affecting sleep; or
had other coexisting sleep disorders.

Oral Appliance

The MAS (Fig. 1), made from a dental impression,
was a modified Thornton anterior positioner appli-
ance (TAP, Oral Appliance Technologies, Dallas,
TX) of methyl methacrylic material with full upper
and lower occlusal coverage. A stainless steel screw,
hook, and bar arrangement connected the upper to
the lower portion while still allowing for a small
amount of lateral jaw movement and oral airflow.
Clockwise turns of the screw enabled the mandib-
ular section of the MAS to be titrated forward ap-
proximately 2 mm with each half turn to a maxi-
mum of 16 mm.

Subjects were instructed on how to fit and
titrate the splint by rotating the screw clockwise,
one half turn every 1 to 2 nights as tolerated. Sub-
jects were also instructed in active exercises for the
temporomandibular joint to assist with realignment
of the bite on removal of the MAS in the mornings.
The MAS was worn nightly for 6 to 8 weeks. End

points for titration were partner-reported cessation
of snoring and subjective improvement in daytime
symptoms or maximal titration tolerance with sub-
ject-reported symptom improvement. Subjects were
reviewed at the Orthodontic Clinic at least once
during the trial period. They were also followed up
by telephone during the trial to monitor for side ef-
fects or difficulties with the splint and seen again at
the Orthodontic Clinic if further checks of the
splint were deemed necessary. A telephone follow-
up at 1 year was undertaken to ascertain the long-
term compliance with the therapy and potential
side effects.

Outcome Measures

Sleep habits, snore symptoms, exercise capacity, gen-
eral health, and medications at presentation were re-
corded on a standardized questionnaire. The Ep-
worth Sleepiness Scale (ESS) was used to measure
the subject’s daytime sleepiness,29 and body height,
weight, and neck circumference (at the fourth cervi-
cal vertebra) were measured at baseline and at the
end of the trial. A self-reporting diary was used dur-
ing treatment to record sleep habits, the period of
time wearing the device at night, levels of sleepi-
ness/alertness on waking, daytime hypersomno-
lence, and any other relevant symptoms.

Polysomnography

Each subject underwent full-night PSG prior to
entering the study and had a second PSG with
the splint in situ at the end of the study period.
Data were recorded on a 16-channel Compumedics
polysomnographic system (Compumedics, Victo-
ria, Australia). OSA scoring criteria used were in
accordance with standard definitions.1 Apnea was
defined as cessation of airflow lasting at least 10
seconds. Hypopnea was defined as a reduction in
thoracoabdominal wall movement of greater than
50% of the baseline measurement for more than 10



118 SLEEP AND BREATHING/VOLUME 6, NUMBER 3 2002

seconds or as a reduction in thoracoabdominal
movement with an accompanying oxygen desatu-
ration of at least 3% and/or associated with arousal.
Sleep was scored according to Rechtschaffen and
Kales’ guidelines.30 Arousals were defined as a shift
in electroencephalogram (EEG) frequency for a
minimum of 3 seconds with a concurrent rise in
electromyogram (EMG) in REM sleep.31 All stud-
ies were manually scored in 30-second epochs for
sleep stage, apnea type, and duration and arousals,
by one scorer blinded to the study. These results
were confirmed by a second independent scorer.

Treatment Outcomes

Treatment success was defined as an AHI less than
or equal to 10/hr and resolution of symptoms; par-
tial success as an AHI in the range of 10 to 15/hr,
with improvement in symptoms; and treatment
failure as an inability of the patient to continue to
use the MAS.

Cephalometric Radiographs

Cephalograms were taken at baseline with each
subject lying supine in the natural head position32

using the orthoposition method.33 A fluid level was
used to register the head posture and care was
taken to limit changes in cervical posture during
the introduction of the cephalostats. A chain sus-
pended from the film cassette registered the true
vertical plane. Subjects were instructed to hold the
teeth in occlusion and cephalograms were taken at
the end of an expiration. The procedure was re-
peated for the cephalograms taken at the end of the
self-titration period with the MAS in situ.

All lateral cephalometric landmarks were co-
ordinated with true horizontal and vertical lines.
Conventional bony landmarks (Fig. 2A) were
marked on tracing film and digitized with a reflex
metrograph. The landmarks and measures (Fig.

2B) were used to analyze pharyngeal relationships;
postural relationships of the head in relation to
craniovertical and craniocervical variables, and the
inclination of the cervical column in relation to
cervicohorizontal variables; and the hyoid bone po-
sition in relation to cephalometric variables of the
head and neck. Reference lines and angles were
measured to the nearest 0.01 mm or degree.

Statistical Analysis

Statistical analysis was carried out using the com-
puter statistical package SPSS for Windows (SPSS
Inc., Release 10.0). Variables were normally distrib-
uted. Paired t-tests were undertaken on all variables
for the polysomnographic and cephalometric data.
Stepwise linear regression analysis was undertaken to
examine the relationships between changes in AHI
and arousals and significant cephalometric variables
including pharyngeal relationships, postural relation-
ships of the head and neck, and relationships of the
hyoid bone to the head and neck (Fig. 2). Because
multiple comparisons were made, a significance level
of 0.01 was used in the statistical analysis.

The study protocol was approved by the
Otago Ethics Committee. All subjects gave written
informed consent.

RESULTS

Study Population

Fourteen males and one female were enrolled in
the study. One male subject failed to return for ap-
pointments, leaving 14 subjects who completed the
study. New Zealand ethnic groupings included Eu-
ropean (12), Maori (1), and Chinese (1). Other de-
mographic and anthropometric variables at study
entry are shown in Table 1. There was a significant
relationship between body mass index (BMI) and



EFFICACY OF A SPLINT USING CEPHALOMETRY/SKINNER ET AL 119
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Figure 2 (A) Key landmarks identified on cephalometric radiographs and digitized with a reflex metrograph. Hy: the
most anterior and superior point on the body of the hyoid bone; gn: the most anteroinferior point on the bony mandibu-
lar symphysis; tgol: the most lateral external point at the junction of the horizontal and ascending rami of the mandible;
N: nasion, the most anterior point on the frontonasal suture; S: center of sella turcica, the center of the pituitary fossa of
the sphenoid bone; Ba: basion, the most posteroinferior point on the anterior margin of the foramen magnum; c2a, c3a,
c4a: most anteroinferior point on the corpus of the second, third, and fourth vertebral bodies, respectively; c2pi, c3pi,
c4pi: most posteroinferior point on the corpus of the second, third, and fourth vertebral bodies. respectively; c2ps: most
posterosuperior point on the corpus of the second cervical vertebra. (B) Key reference lines and angles measured on
the cephalometric radiographs. HYML: the perpendicular distance from hyoid to mandibular plane (distance measured
on the perpendicular line drawn from point Hy to the intersection of a line drawn between points gn and tgol). NSL: an-
terior cranial base line connecting the center of the sella turcica S and nasion N. Postural relationships of the head and
craniovertical and craniocervical variables, and the inclination of the cervical column in relation to craniohorizontal vari-
ables. CVT: cervical vertebral tangent, posterior tangent on the odontoid process c2ps through c4pi; OPT: second cervi-
cal vertebral tangent on the odontoid process c2ps through c2pi. HYML was the only cephalometric measure to change
significantly (p = 0.001) with the mandibular advancement splint (MAS) in situ; Hy was repositioned in an anterosuperior
direction with the MAS in situ, thus decreasing the mean HYML distance.

neck circumference (R2 = 0.614, p = 0.001). No sig-
nificant change in body weight or neck circumfer-
ence occurred during the study period.

Clinical Outcomes

The MAS resulted in complete or partial treatment
response in all 14 subjects (Fig. 3). Treatment suc-
cess (AHI < 10/hr) with the splint was achieved in
50% of the subjects (n = 7). The remaining subjects
had AHIs in the sub-optimal range with improve-
ment in symptoms. Four subjects (29%) had AHIs

greater than 10 and less than 15/hr and for the re-
maining three subjects (21%), AHIs of 15.2/hr,
15.8/hr, and 15.9/hr were recorded.

Results of paired t-tests for polysomno-
graphic data are presented in Table 2. Highly signif-
icant improvements were recorded for mean AHI

Table 1 Demographic Details of Study Participants

Mean (SD)

Measurement (n = 14) Range

Age (years) 47.6 (10.9) 25–63
Body Mass Index (kg.m�2) 29.3 (4.6) 18.5–35.6
Neck circumference (cm) 42.1 (4.6) 31.0–48.5
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Figure 3 Changes in apnea hypopnea index (AHI) for in-
dividual subjects (n = 14) before and with the MAS.

(p = 0.001) (Fig. 3) and mean arousal frequency with
the MAS. There was a significant improvement in
the minimum oxygen desaturation with the MAS
(p = 0.01). The proportion of time spent in REM
sleep increased with the MAS, but there were no
other significant changes in sleep architecture.

Cephalometric Outcomes

A comprehensive range of variables was measured
from the supine cephalometric films taken before
and with the MAS (n = 11), but for reasons of brevity
only the significant results are reported. All cephalo-

metric measures for the Maori and Chinese subjects
fell within the mean ± SD for the European subjects.
The only significant difference in any distances or
angles measured for the hyoid bone position in rela-
tion to head and neck posture was a significant re-
duction in the perpendicular distance from the hyoid
bone to the mandibular plane (HYML): without
MAS, 25.3 ± 7.8 mm, with MAS 16.5 ± 9.6 mm; p =
0.002 (Fig. 2(B)). No significant differences were
identified for pharyngeal relationships or for postural
relationships of the head and craniovertical and cran-
iocervical variables, or for the inclination of the cer-
vical column in relation to craniohorizontal variables.

Linear regression analysis was used to exam-
ine the relationship between the changes in poly-
somnographic variables and supine cephalometric
measurements at baseline. The decreases in both
AHI and arousal index with the MAS were signif-
icantly related to the baseline HYML (adjusted
R2 = 0.37; p = 0.012, and adjusted R2 = 0.455; p =
0.005, respectively). No other cephalometric mea-
sures were associated with improvement in poly-
somnographic variables.

Subjective Outcomes

The MAS was well tolerated by all subjects
throughout the study period (Table 3). Thirteen
subjects (93%) reported nightly use. The mean

Table 2 Mean (SD) and Range of Values for Polysomnographic Data Recorded Before

and with the Mandibular Advancement Splint (MAS) in situ

Before MAS With MAS p Value

Apneas + Hypopneas/hr slept 34 � 22 (11–79) 10 � 5 (3–16) 0.001
Arousal frequency/hr slept 37 � 20 (15–77) 19 � 7 (10–30) 0.001
% Minimum oxygen saturation 76 � 6 (74–81) 82 � 4 (80–85) 0.012
Total sleep time (min) 391 � 64 (354–427) 389 � 71 348–429 0.905
Sleep efficiency 81 � 5 (70–89) 82 � 9 (28–64) 0.75
% Stage 1* 9 � 4 (3–18) 7 � 2 (2–11) 0.09
% Stage 2* 59 � 10 (46–83) 54 � 8 (39–71) 0.09
% Slow wave sleep* 14 � 7 (0–24) 18 � 4 (12–25) 0.1
% REM* 17 � 6 (5–24) 22 � 7 (5–34) 0.03

*Sleep stage was calculated as a percentage (%) of total sleep time.
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Table 3 Subjective Reporting by Patients at the

Conclusion of the Trial

Question Response (%)

Wore the MAS nightly for 5 or 93%
more hours

Decreased snoring (partner report) 93%
Improved sleep quality 79%
Woke refreshed 50% always

50% sometimes
Improved well-being 79%
Increased saliva 7%
MAS loose/fell off 21% sometimes
Short-term tooth discomfort 28%
Temperomandibular joint pain 0%

nightly use was 5.5 ± 1.9/hr. Daytime sleepiness as
measured by the ESS significantly improved with
the MAS (without MAS, ESS 12 ± 5; with MAS,
ESS 6 ± 4; p = 0.0001). An improved sense of well-
being was reported by 93% of subjects. None of the
reported side effects precluded the subjects from
wearing the splint.

Subjects were contacted 1 year after the
completion of the trial. Eight subjects (57%) re-
ported that they were continuing to use the splint
on a nightly basis with good effect. One subject
was wearing the splint “sometimes”. Two subjects
were wearing alternative, less bulky oral appliances;
one had chosen to use nCPAP; one had chosen not
to use any device; and one was having other med-
ical therapy for an unrelated illness.

DISCUSSION

Our study confirms that a titratable MAS is an ef-
fective therapy in the management of OSA over a
broad range of clinical severity (AHI 11 to 79/hr)
and that efficacy is associated with specific changes
in cephalometric variables. There were significant
reductions in AHI and arousal index, and in 50%
of subjects, the AHI improved to fewer than 10/hr.

For the remaining subjects, the AHI was in the
suboptimal range (> 10 < 16/hr). These outcomes
compare favorably with the results obtained in other
studies using oral appliances.10,15,26,34

Our results demonstrated that with the
MAS in situ, subjects were able to obtain signifi-
cant anterosuperior elevation of the hyoid bone
(baseline HYML 25.3 ± 7.8 mm; with MAS 16.5 ±
9.6 mm; p = 0.002), thus achieving a more normal
hyoid position. This suggests that significant im-
provements in AHI during sleep were achieved
either by establishing a new anterosuperior HYML
relationship or by maintaining the existing hy-
popharyngeal dimensions as measured while awake.
Preventing the mandible from rotating posteroin-
feriorly during sleep, with subsequent hypopharyn-
geal occlusion, may be the principal mechanism of
action for the MAS.25

Our study was also designed to evaluate
whether any cephalometric measurements, obtained
awake in the supine posture, might be used to as-
sess likely clinical outcomes. The measures and an-
gles taken from the cephalograms were in agree-
ment with the findings in earlier studies of head
form and postural angles in Caucasians with OSA.4

However, the baseline HYML was the only cephalo-
metric variable associated with PSG improve-
ments, namely change in AHI (adjusted R2 = 0.37;
p = 0.012) and arousal index (adjusted R2 = 0.455;
p = 0.005). There were no significant relationships
between any other cephalometric or anthropomet-
ric variables and treatment outcomes.

The results of previous investigations have
been varied in this regard. In the study by Ferguson
et al35 no indicators of likely clinical success were
identified in their study of 24 OSA subjects who
used a mandibular advancement device. In an ear-
lier study, the same authors reported that although
neck circumference correlated with AHI, this was
not true for any craniofacial or soft tissue measure-
ment. Interestingly, they observed that an increased
HYML distance was associated with a larger neck
circumference (p < 0.05). In the study by Battagel
et al,28 of 58 OSA subjects, no cephalometric fea-
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tures which could predict an improvement in AHI
were identified. Similarly, in the study by Liu et
al,26 in which an adjustable appliance was assessed
in 16 adult OSA patients, although a significant
decrease in mean HYML was found with the ap-
pliance (before 22.7 ± 5.3 mm; with 19.7 ± 4.8 mm;
p = 0.05), the reported results did not indicate the
strength of any relationship between these changes
and treatment response in terms of AHI.

The contrast between the present results and
those obtained in previous studies may be due to
methodological inconsistencies. The reproducibility
of cephalometric measures in the natural head posi-
tion while standing has previously been validated33

but hitherto this has not been the case for measure-
ments obtained in supine. The latter is likely to be
more clinically relevant in OSA. One supine study
reported by Hiyama et al36 was on normal subjects
and although there was no significant difference in
the relationships reported it focused on the mandib-
ular posture and did not include craniocervical angles
and relationships. In the present study, subjects lay
supine with their heads held in the natural head posi-
tion, cephalostat rods were then placed carefully, a
fluid level was used to check head position, and reli-
able bony landmarks were used for cephalometric
measures. Using this standardized approach, repro-
ducibility for cephalometry in the supine position
was confirmed: there were no significant differences
in the craniovertical and craniocervical variables, or
in the inclination of the cervical column in relation to
cervicohorizontal variables, between the films before
and with MAS. The only significant difference was
in the hyoid-mandibular relationship. In contrast,
Battagel et al28 reported that cephalometric rods
could not be adequately positioned, and in the study
by Liu et al,26 subjects were asked to mimic their
usual position rather than adopt a standard posture.
The Frankfort Horizontal Plane, which is not a true
horizontal plane, was used by Ryan et al25 to fix the
head position in order to measure upper airway
cross-sectional area by videoendoscopy. However, it
is not clear whether any of the measurements made
by Battagel et al28 and Ryan et al25 in their studies
were reproducible.

Our study had a number of shortcomings.
First, titration of the splint was based on subjective
rather than objective responses. This was considered
appropriate so that patients might adjust gradually
to wearing the splint. Given that significant im-
provement in AHI was obtained in the majority of
patients, this appears to have been a justified ap-
proach. Second, the sample size in our study was
small, and it was not possible to derive predictive
values for changes in AHI based on changes in
HYML. Nevertheless, by using a carefully standard-
ized approach, we were able to confirm a strong as-
sociation between HYML and treatment outcomes.
Third, the sample was selected in that it included
patients who had failed CPAP therapy, but such
subjects would normally be offered an alternative
therapy, such as a trial of a mandibular splint, in the
clinical setting.

Compliance with treatment for OSA is a
major clinical issue. Data regarding long-term com-
pliance with the MAS are limited. In our study, a
telephone survey 1 year after commencing treat-
ment revealed that 57% continued to obtain thera-
peutic benefit from the MAS with improved quality
of sleep and daytime function. Pancer et al18 re-
ported 86% of subjects had continued to use a man-
dibular appliance when followed up an average of 1
year later; Clark et al37 reported that 50% of subjects
in their study were continuing to use a mandibular
device 3 years after commencing treatment.

In conclusion, our study has demonstrated
that in patients with OSA, the treatment response
to a titratable MAS is most likely to occur in sub-
jects with an increased HYML. Although there
was a wide individual variation in the extent or de-
gree of anterosuperior hyoid repositioning with the
MAS, it is postulated that either the reduction in
HYML or the maintenance of an adequate hyoid
position while asleep is the mechanism whereby
upper airway patency is achieved. Supine cephalom-
etry is therefore an important tool in determining
relationships between craniofacial bony and soft-
tissue structures and the likely outcomes of treat-
ment for OSA. When adequately standardized,
cephalograms provide clinically helpful imaging in
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patients for whom mandibular advancement is being
considered as a treatment option.
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