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A randomized crossover trial of conservative

snoring treatments: Mandibular repositioning splint

and nasal CPAP

Stuart Robertson, MRCS, Maria Murray, RDN, David Young, PhD,
Richard Pilley, PhD, and John Dempster, FRCS, Kilmarnock and Glasgow,

Scotland, United Kingdom
OBJECTIVE: To compare the effectiveness of a mandibular
repositioning splint (MRS) and nasal continuous positive airway
pressure (CPAP) device as first-line treatments for disruptive
snoring.
STUDY DESIGN: Prospective randomized crossover trial.
SUBJECTS AND METHODS: Twenty snorers received 3
months of treatment with both an MRS and nasal CPAP. Snoring
Outcomes Survey (SOS), Snoring Bed Partner Survey, and Ep-
worth questionnaires were completed serially. Changes in ques-
tionnaire scores were analyzed with a general linear statistical
model and by analysis of variance.
RESULTS: There was a significant difference between the three
preference outcomes for the mean SOS changes (P � 0.003). The
mean SOS change was significantly greater for those who pre-
ferred MRS to CPAP (mean score difference, 27.15). Eight snorers
chose final long-term MRS treatment, five chose nasal CPAP, and
seven chose neither.
CONCLUSION: The majority of disruptive snorers can be man-
aged effectively with conservative treatments and therefore avoid
surgery.
© 2008 American Academy of Otolaryngology–Head and Neck
Surgery Foundation. All rights reserved.

Patients with disruptive snoring are commonly referred
to secondary care ENT services for treatment. The high

failure rate and postoperative morbidity rate of snoring
surgery make conservative first line treatment attractive.1

Indeed, there is no published clinical evidence to support the
use of surgery over conservative treatments in the first line
management of disruptive snoring. Conservative treatment
options include continuous positive airway pressure (CPAP)
devices and mandibular repositioning splints (MRS).2-4

The relative efficacy of CPAP and MRS has been eval-
uated in snorers with obstructive sleep apnoea hypopnea
syndrome (OSAHS).5 National guidelines advocate the use
of an MRS for mild to moderate OSAHS, but CPAP is
recommended for severe OSAHS.4 However, the majority
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of patients referred to ENT with disruptive snoring do not
have OSAHS.6 By definition, apneic and nonapneic snorers
differ in terms of the degree of anatomic airway obstruction
present. It is therefore incorrect to assume that the treatment
of choice for both snoring populations should be the same in
the absence of supporting clinical evidence.

The principal aim of this study was to determine the
relative efficacy of a custom-moulded MRS and a nasal
CPAP device as first-line treatments for nonapneic snorers
referred to a secondary care ENT service. Secondary aims
were to determine how many snorers could be managed
effectively with conservative first line treatment and there-
fore avoid surgical intervention and whether any side effects
were associated with either treatment.

METHODS

Ethical Considerations
Formal ethical approval was obtained from the Local Re-
search Ethics Committee in January 2005. A cohort of 50
patients referred to our ENT service for investigation and
treatment of disruptive snoring were given appointments to
attend a dedicated snoring clinic. Snorers who failed to
attend were offered a second appointment.

Clinical Assessment and Recruitment
All snorers were assessed by the principal author and a
structured history and examination performed in accordance
with national guidelines to identify patients at risk of having
OSAHS.4 Patients with risk factors for OSAHS were re-
ferred for formal sleep study investigation. Inclusion criteria
for trial participation were 1) the presence of sufficient
dentition for an MRS, 2) living with a partner on a regular
basis, and 3) no evidence of OSAHS on clinical assess-
ment.4 All eligible snorers and their partners were given
k Surgery Foundation. All rights reserved.
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formal information sheets on the study. Informed consent
was then obtained from participating couples. Each snorer
received a consecutive 3-month trial of a MRS and nasal
CPAP device (Fig 1). Snorers were randomized to the order
of treatment as detailed below.

Randomization Process
Based on previous snoring research conducted by the prin-
cipal author in the west of Scotland, it was anticipated that
recruitment rates from a cohort of 50 snorers would be less
than 60%.7 Thirty sealed brown opaque envelopes (15
marked internally with “CPAP” and 15 with “MRS”) were
prepared by the principal author and given to an ENT
secretary (S.J.M.) to shuffle thoroughly. The shuffled enve-
lopes were then numbered sequentially from 1 to 30 by the
principal author and stored in the ENT Department secre-
tarial office (all witnessed by S.J.M.).

Clinical Pathway
Snorers progressed through the trial as shown in Figure 1. It
was anticipated that the length of time required to make
patients’ MRS would vary depending on the complexity of
individual patient dentition and their attendance at consec-
utive orthodontic clinic appointments. To ensure that
progress through the trial was not interrupted, randomiza-
tion of each snorer was not undertaken and treatment did not
commence until that patient’s MRS was ready for use.
When each MRS was ready, the principal author opened the
next numerically labeled envelope in the ENT office and
recorded the treatment assigned on a datasheet (all wit-
nessed, signed, and dated by S.J.M.). Between June 2005
and June 2006, each snorer then commenced a 3-month trial
of the treatment assigned on randomization (treatment 1).
After completing treatment 1, each snorer returned his or
her MRS or CPAP device and “crossed over” to the other
treatment for a further 3 months (treatment 2). No blinding
of subjects or researchers was possible or attempted because
of the nature of this study. Three month follow-up data

Figure 1 Trial pathwa
collection was completed in January 2007.
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CPAP Device
The CPAP device used was the ResMed S7 Lightweight
(ResMed Ltd, Oxfordshire, UK). Air was delivered via a
standard nasal mask. Patients were shown how to vary the
ramping time for comfort. Ramping pressure and treatment
pressure were set at 4 cm and 10 cm water pressure, respec-
tively, so that all patients received the same initial CPAP
treatment protocol. Patients who chose to continue with
long-term CPAP treatment after completing this trial were
shown how to vary treatment pressure for maximal comfort
and treatment efficacy.

MRS Design
All patients received a clinical and radiographic examina-
tion before splint construction. Dentition was surveyed to
assess bone support, gingival health, tooth mobility, and the
presence of advanced restorations. Once dentally fit, upper
and lower impressions were cast in dental stone. Each MRS
(Fig 2) was manufactured from thermoformable plastics
resin sheets (supplied by Erkodur, Erkodent, Germany)
bonded together by cold-curing polymethyl methacrylate
resin (Wright-Cottrell, Dundee, UK). Each MRS was de-

questionnaire sequence.
Figure 2 Custom-molded thermoplastic MRS device.
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signed to advance the mandible by holding the upper and
lower incisors in an edge-to-edge position making sure the
center line was coincident.

Outcome Measures

Questionnaire scores. The effects of disruptive snoring on
snorers’ partners are well recognized.8,9 Accordingly, it was
decided that to determine the relative efficacy of MRS and
CPAP, feedback from both the snorer and partner should be
obtained. The Epworth Sleepiness Score and the Snoring
Outcomes Survey (SOS) Questionnaire/Bed Partner Survey
(SBPS) were completed by snorer and partner at four sep-
arate time points: 1) at the time of initial informed consent
(baseline 1), 2) at the time of randomization (baseline 2), 3)
after completion of treatment 1, and 4) after completion of
treatment 2.

The SOS has been shown to be valid, reliable, and
sensitive to clinical change after treatment in snoring pop-
ulations.10 An increase in SOS or SBPS score is associated
with a reduction in perceived snoring severity. The Epworth
questionnaire is widely used in sleep disordered patients as
a validated method of assessing patients’ perception of
daytime fatigue or sleepiness. A reduction in Epworth score
is associated with a reduction in subjective daytime sleep-
iness.4 All questionnaires were either completed at clinic
with the principal author or by return of post.

Decision on long-term treatment. After completing treat-
ment 2, each snorer was asked to choose a long-term treat-
ment preference (MRS, CPAP, or neither). Snorers who
chose neither were sent a further clinic appointment to
discuss other treatment options. Snorers who chose either
long-term MRS or CPAP treatment were contacted by tele-

Table 1

Details of 30 nonparticipants

Refused to participate 11
Failed to attend 7
Insufficient dentition 7
Diagnosed with OSAHS 1
Discomfort during molding 1
Currently dieting 1
No partner 2

Table 2

Changes in questionnaire scores with treatment (CI, co

Treatment Snorers (n)

SOS/SBPS change MRS 20
CPAP 19

Epworth change MRS 20
CPAP 19
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phone in October 2007 to collect compliance data after 12
months of treatment.

Statistics
Tables of descriptive statistics were produced to summarize
the changes in SOS and Epworth scores for each treatment.
The reliability of the data was investigated with a comparison
of the questionnaire results at recruitment with those at ran-
domization by computing 95% confidence intervals for the
mean differences in the scores. The changes in scores for each
questionnaire were analyzed by treatment with a general linear
model that included a factor for the order of treatment that
corresponded with the cross-over design of the study. Com-
parison of the changes in questionnaire scores with the stated
preference of treatment by patients (MRS, CPAP, or neither)
were done with analysis of variance. All analyses were done
with Minitab statistical software (Version 14, Minitab, Coven-
try, UK) with a significance level of 5%.

RESULTS

Trial Recruitment
From the 50 snorers referred for investigation and treatment
of disruptive snoring, 20 participated in the trial. Reasons
for exclusion are detailed in Table 1. One patient satisfied
the referral criteria (SIGN) for sleep study investigation
who subsequently confirmed a diagnosis of OSAHS. This
patient was excluded from the trial. After 2 weeks of CPAP

Figure 3 Mean SOS/SBPS score changes for snorers and
partners.
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treatment (as treatment 2), one patient refused to continue and
demanded to be given back their MRS. Questionnaire scores
for CPAP treatment were therefore not collected for this couple
(Table 2). This snorer subsequently chose long-term MRS
treatment. Another couple ended their relationship during the
trial and questionnaire scores for the partner could not be
collected after the snorer completed CPAP treatment. This
snorer subsequently chose long-term MRS treatment.

Questionnaire Scores
The mean Epworth scores of snorers and partners at baseline 2
were 11 and 8, respectively. The mean SOS and SBPS scores
at baseline 2 were 43 and 30, respectively. An improvement in
mean questionnaire scores from baseline 2 occurred after both
MRS and CPAP treatment (Table 2). As shown in Figures 3
and 4, there was no significant difference between the mean
changes in SOS (P � 0.863), SBPS (0.479), or Epworth scores
for snorers (P � 0.174) or partners (P � 0.484) between
treatments. There was also no significant effect of cross-over
for SOS (P � 0.758), SBPS (P � 0.624) or Epworth (P �
0.492 for snorers, P � 0.772 for partners).

Changes in questionnaire scores in relation to final treat-
ment choice are shown in Table 3. There was a significant
difference between the three preference outcomes for mean

Figure 4 Mean Epworth score changes for snorers and partners.

Table 3

SOS, SBPS, and Epworth score changes as per final tr

Treatment choice n Questionnaire

MRS 8 SOS
SBPS
Epworth (snorer)
Epworth (partner

CPAP 5 SOS
SBPS
Epworth (snorer)
Epworth (partner

Neither 7 SOS
SBPS
Epworth (snorer)
Epworth (partner
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SOS changes (P � 0.003). The mean SOS change was signif-
icantly greater for those choosing long-term MRS treatment in
comparison with those choosing CPAP (mean difference,
27.15; confidence interval, CI � 9.38 to 44.92), Fig 5). There
was no evidence of any difference between the three prefer-
ence outcomes for mean SBPS changes (P � 0.119) or Ep-
worth changes (P � 0.197 for snorers, P � 0.821 for partners).

Questionnaire Reliability
There was no significant difference between questionnaire
scores for patients or partners at baseline 1 and baseline 2
(Table 4). This represents a control period as no treatment
occurred during this time and confirms the reliability of both
questionnaires.

Final Treatment Choices
After completing the trial, 8 of 20 snorers chose final long-
term MRS treatment, 5 chose nasal CPAP, and 7 chose not
to continue either treatment. A telephone interview in Oc-
tober 2007 confirmed that seven of the eight snorers who
chose MRS treatment and four of the five snorers who chose
CPAP were still using their chosen treatment after 12
months. The snorer who discontinued CPAP treatment had
found it to be ineffective after 9 months and requested a
further clinic appointment to discuss surgical treatment op-
tions. The snorer who discontinued MRS treatment had
done so after 8 months in order to undergo restorative dental
work unrelated to MRS usage. This dental work has recently
been completed. The patient has asked to be fitted with a
new MRS and is currently awaiting splint manufacture.

Adverse Effects of Treatments
Table 5 presents the side effects of each treatment as spec-
ified by snorers. One of the patients with temperomandibu-
lar joint (TMJ) discomfort was subsequently diagnosed with
TMJ disk displacement. This condition was treated conser-
vatively. After recovery and splint adjustment, this patient
has recommenced MRS treatment.

nt choice

Mean score change
after MRS

Mean score change
after CPAP

22.75 6.50
26.50 0.13
�4.25 �5.38
�1.38 �3.38
�4.40 14.40

2.20 15.00
0.20 �3.80

�0.20 �2.80
7.14 2.71
0.00 0.00

�1.43 �0.86
�0.57 �0.14
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DISCUSSION

The improvement in SOS, SBPS, and Epworth scores re-
ported by patients in this trial demonstrates that both MRS
and CPAP are effective snoring treatments. The greatest
improvement in snoring severity (as defined by the SOS
questionnaire) was reported by the snorers who chose long-
term MRS treatment. However, it is clear that while con-
servative treatments may be effective, they are not always
tolerable and some patients will be unable to comply with
either MRS or CPAP. Such patients should be offered re-
ferral for an opinion on surgical snoring treatments.

Thirteen (65%) of the 20 patients in this trial chose
long-term conservative snoring treatment. After 1 year of
conservative treatment, 11 of these patients were still com-
pliant with treatment. The authors therefore propose that at
least one-half of snorers referred to ENT can be managed
effectively with conservative treatments. Long-term fol-
low-up on this trial cohort is ongoing.

The authors accept that the final number of participants
in this trial was small and comparable numbers of snorers
chose each of the three final treatment preference choices.
The recruitment rate for this trial was also low although 22
of the 30 patients excluded were excluded for reasons un-
related to suitability for either MRS or CPAP treatment
(Table 1). Although pain and malocclusion are recognized
long-term complications of MRS usage,3 the incidence of
such side effects in this trial population was low (Table 5).

Figure 5 Mean SOS score changes for snorers vs final treat-
ment choice (MRS or CPAP).

Table 4

Mean questionnaire changes from Baseline 1 to

Baseline 2 (CI, confidence intervals)

Questionnaire
Mean score change

(95% CI)

Snorers SOS �1 (�3.5, 1.5)
Epworth 0.65 (�1.0, 2.3)

Partners SBPS �0.85 (�4.6, 2.9)
Epworth 0.3 (�0.9, 1.5)
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All snorers receiving long-term MRS treatment at our center
are seen on a 3-month basis for the first year to check for
such complications.

CONCLUSION

This study presents level 1 evidence to support the argument
that the first-line treatment of disruptive snoring should be
conservative. At least one-half of snorers referred to ENT
can be managed effectively with conservative treatments
and therefore avoid surgery. The authors propose that snor-
ers should first be offered an MRS. If MRS treatment is
ineffective or unsuitable because of insufficient dentition,
patients should be offered a trial of nasal CPAP. If CPAP is
ineffective, then snorers should be given the opportunity to
discuss surgical treatment options with an otolaryngologist.
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APPENDIX

CONSORT Statement 2001 - Checklist
Items to include when reporting a randomized trial

Paper section and topic Item Descriptor
Reported
on page #

TITLE & ABSTRACT 1 How participants were allocated to interventions (e.g.,
“random allocation,” “randomized,” or “randomly
assigned”).

1

INTRODUCTION
Background

2 Scientific background and explanation of rationale. 1

METHODS
Participants

3 Eligibility criteria for participants and the settings and
locations where the data were collected.

1,2

Interventions 4 Precise details of the interventions intended for each
group and how and when they were actually
administered.

2

Objectives 5 Specific objectives and hypotheses. 1
Outcomes 6 Clearly defined primary and secondary outcome

measures and, when applicable, any methods used
to enhance the quality of measurements (e.g.,
multiple observations, training of assessors).

2,3

Sample size 7 How sample size was determined and, when
applicable, explanation of any interim analyses and
stopping rules.

2

Randomization – Sequence
generation

8 Method used to generate the random allocation
sequence, including details of any restrictions (e.g.,
blocking, stratification).

2

Randomization –
Allocation concealment

9 Method used to implement the random allocation
sequence (e.g., numbered containers or central
telephone), clarifying whether the sequence was
concealed until interventions were assigned.

2

Randomization –
Implementation

10 Who generated the allocation sequence, who enrolled
participants, and who assigned participants to their
groups.

2

Blinding (masking) 11 Whether or not participants, those administering the
interventions, and those assessing the outcomes
were blinded to group assignment. If done, how the
success of blinding was evaluated.

2

Statistical methods 12 Statistical methods used to compare groups for
primary outcome(s); Methods for additional
analyses, such as subgroup analyses and adjusted
analyses.

3

RESULTS
Participant flow

13 Flow of participants through each stage (a diagram is
strongly recommended). Specifically, for each group
report the numbers of participants randomly
assigned, receiving intended treatment, completing
the study protocol, and analyzed for the primary
outcome. Describe protocol deviations from study as
planned, together with reasons.

2, Fig1

Recruitment 14 Dates defining the periods of recruitment and follow-
up.

2,3

Baseline data 15 Baseline demographic and clinical characteristics of
each group.

4

Numbers analyzed 16 Number of participants (denominator) in each group
included in each analysis and whether the analysis
was by ”intention-to-treat.” State the results in
absolute numbers when feasible (e.g., 10/20, not
50%).

4
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(Continued)

Paper section and topic Item Descriptor
Reported
on page #

Outcomes and estimation 17 For each primary and secondary outcome, a summary
of results for each group, and the estimated effect
size and its precision (e.g., 95% confidence interval).

4

Ancillary analyses 18 Address multiplicity by reporting any other analyses
performed, including subgroup analyses and
adjusted analyses, indicating those pre-specified and
those exploratory.

4

Adverse events 19 All important adverse events or side effects in each
intervention group.

4,5

DISCUSSION
Interpretation

20 Interpretation of the results, taking into account study
hypotheses, sources of potential bias or imprecision
and the dangers associated with multiplicity of
analyses and outcomes.

5

Generalizability 21 Generalizability (external validity) of the trial findings. 5
Overall evidence 22 General interpretation of the results in the context of

current evidence.
5
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