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Abstract
Surgical procedures and non-surgical devices for the 
management of non-apnoeic snoring: a systematic review 
of clinical effects and associated treatment costs

C Main,1* Z Liu,1 K Welch,2 G Weiner,3 SQ Jones4 and K Stein1

1Peninsula Technology Assessment Group (PenTAG), University of Exeter, UK
2Southampton Health Technology Assessment Centre, Southampton, UK
3Royal Devon and Exeter Hospital Trust, Exeter, UK
4Cardiff University Dental Hospital, Cardiff, UK

*Corresponding author

Objectives: To review the evidence on the clinical 
effects and associated treatment costs of surgical 
procedures and non-surgical devices for the 
management of non-apnoeic snoring.
Data sources: Major electronic databases were 
searched for relevant studies published between 1980 
and 2007. All treatment costs were estimated based on 
data from NHS reference costs, device manufacturers 
and clinical opinion.
Review methods: Studies were screened, data 
extracted and quality assessed according to standard 
methods. Results were broadly grouped according 
to the intervention and comparator when applicable, 
and further subgrouped according to the specific 
intervention type and study design. Results were 
combined using a narrative synthesis with relevant 
quantitative results tabulated. Differences between 
studies assessing the same intervention were explored 
narratively by examining differences in the intervention, 
study duration and study quality.
Results: The systematic review included 27 studies 
(three randomised controlled trials, two controlled 
clinical trials and 22 pre–post studies) reported in 30 
publications assessing uvulopalatopharyngoplasty (UP3) 
versus laser-assisted uvulopalatoplasty (LAUP), UP3 
alone, LAUP alone, palatal stiffening techniques (Pillar 
implants and injection snoreplasty), radiofrequency 
ablation (RFA) of the soft palate or tongue base, 
continuous positive airway pressure (CPAP) devices and 
mandibular advancement splints (MAS). Studies were 
generally of a low methodological quality with small 
sample sizes. A total of 1191 patients was included. Both 
UP3 and LAUP reduced the number of snores per hour 
and produced a modest reduction in snoring loudness. 

UP3 was effective in reducing a number of subjectively 
reported snoring indices, but results on objective 
measures were equivocal. Limited evidence indicates 
that subjectively assessed snoring is improved after 
LAUP; no objective measures were assessed. RFA was 
associated with a reduction in partner-assessed snoring 
intensity, though evidence for an objective reduction in 
snoring sound levels was mixed. Pillar implants were 
moderately effective at reducing partner-rated snoring 
intensity, but had no effect on objective snoring indices. 
Use of CPAP reduced the number of snores per hour; 
no subjective measures were evaluated. Use of MAS 
improved objective snoring outcomes, including the 
maximal snoring sound volume, the mean snoring 
sound volume and the percentage of time spent in 
loud snoring; no subjective measures were evaluated. 
The cost for UP3 ranges from approximately £1230 to 
approximately £1550. For LAUP the cost varies from 
£790 to £2070 depending on the number of stages of 
the procedure. The treatment costs associated with the 
use of Pillar implants range from £1110 to £1160. The 
approximate annual treatment costs associated with the 
use of a CPAP machine and MAS are £220 and £130 
respectively.
Conclusions: This study highlighted the paucity and 
poor quality of the evidence available on the effects of 
both surgical procedures and non-surgical devices for 
the management of primary snoring. Any conclusions 
to be drawn from the results are therefore somewhat 
tentative. There was no procedure that was clearly 
the least-cost option. Further research should focus 
on standardising methods of measuring outcomes and 
reporting, undertaking active controlled trials, and 
investigating the longer-term effects of treatments.
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Glossary and list of abbreviations

Apnoea An apnoea is defined in adults as a 
10-second breathing pause. The frequency of 
apnoeas and hypopnoeas hourly measured 
by the apnoea/hypopnoea index (AHI) or the 
respiratory disturbance index (RDI) is used 
to differentiate non-apnoeic snoring from 
obstructive sleep apnoea/hypopnoea syndrome 
(OSAS). According to this definition non-
apnoeic or primary snoring is classified by an 
AHI score of less than or equal to five.

Applicability The extent to which the results 
of a study or review can be applied to the target 
population in practice.

Appraisal of evidence Formal assessment 
of the quality of research evidence and its 
relevance to the clinical question according to 
predetermined criteria.

Bias Systematic errors in the design and 
execution of a study that may lead to an over- 
or underestimation of the ‘true’ effect of a 
treatment or intervention.

Blinding The practice of keeping the 
investigators or patients in a study ignorant 
of the group to which a participant has been 
assigned or of the population from which the 
participant has come. The purpose of ‘blinding’ 
is to protect against bias.

Ceiling effects See floor and ceiling effects.

Clinical effectiveness How well a drug, 
procedure, device or package of care works to 
produce a good outcome for a patient.

Clinical trial Research study conducted with 
patients, usually to evaluate a new drug, device 
or procedure. Each trial is designed to answer 
scientific questions and to find better ways to 
treat individuals with a specific disease. See also 
randomised controlled trial.

Cochrane Library The Cochrane Library 
consists of a regularly updated collection of 
evidence-based medicine databases including 
the Cochrane Database of Systematic Reviews. 
The Cochrane Library is available on CD-ROM 
and on the internet.

Computerised tomography Computerised 
tomography (CT or CAT) is a medical imaging 
method that uses digital geometry processing 
to generate a three-dimensional image of the 
inside of internal body structures from a large 
series of two-dimensional radiography images 
taken around a single axis of rotation.

Confidence interval This helps us assess the 
likely effect of an intervention by describing 
the range of possible effects that are consistent 
with the results of a study (or a combination of 
studies). A wide confidence interval indicates a 
lack of certainty or precision about the true size 
of the clinical effect and is seen in studies with 
too few patients. When confidence intervals are 
narrow they indicate more precise estimates of 
effects and a larger sample of patients studied. 
We usually interpret a 95% confidence interval 
as the range of effects within which we are 95% 
confident that the true effect lies.

Confounding factor Something that 
introduces uncertainty and bias into an 
observed outcome, complicating interpretation 
of the result.

Control group A group of patients recruited 
into a study that receives no treatment, a 
treatment of known effect or a placebo to 
provide a comparison for a group receiving 
an experimental treatment such as a new 
procedure.

Controlled clinical trial A study that includes 
some form of control group that is not 
randomised.

Glossary

continued
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Correlation A measure of the strength of 
association between two or more variables. A 
positive correlation indicates that one variable 
has been observed to increase as the other 
increases; a negative correlation indicates that 
one decreases as the other increases.

Diagnostic workup The process of making 
a diagnosis through tests, clinical history and 
clinical judgement.

Effectiveness The extent to which a specific 
procedure or device, when used under usual or 
everyday conditions, does what it is intended to 
do.

Efficacy The ability of a procedure, drug or 
device to control or cure an illness. Efficacy 
refers to the extent to which a specific 
intervention produces the intended (beneficial) 
effect under controlled conditions.

Extrapolation The application of research 
evidence based on studies of a specific 
population to another population with similar 
characteristics.

Floor and ceiling effects Problems 
encountered in some outcome measures 
when there are limits to how low or high a 
numerical value they can assume. These can 
make it difficult to assess the true effect of an 
intervention.

Heterogeneity This term is used in meta-
analysis and systematic reviews when the results 
or estimates of effects from separate studies 
seem to have different magnitudes or even 
different signs or directions. Differences in 
the patient populations, outcome measures, 
definition of variables and duration of follow-
up of the studies included in the analysis 
create problems of non-compatibility. See also 
homogeneity.

Homogeneity This means that the results 
of studies included in a systematic review 
are similar and there is no evidence of 
heterogeneity. Results are usually regarded 
as homogeneous when differences between 
studies could reasonably be expected to occur 
by chance.

Hypopnoea A hypopnoea is categorised as a 
10-second event in which there is continued 
breathing but ventilation is reduced by at least 
50% or a reduction in ventilation of less than 
50% from baseline is associated with either an 
oxyhaemoglobin desaturation of greater than 
3% or an arousal.

Incidence The rate of new occurrences of a 
condition or disease, often given as people per 
year or episodes per year.

Inclusion criteria See selection criteria.

Intention to treat analysis An analysis of a 
clinical trial in which patients are analysed 
according to the group to which they were 
initially randomly allocated, regardless 
of whether or not they dropped out, fully 
complied with the treatment or crossed over 
and received the alternative treatment.

Magnetic resonance imaging A radiological 
technique designed to image internal structures 
of the body using magnetism, radio waves and 
a computer.

Methodological quality The extent to which 
a study has conformed to recognised good 
practice in the design and execution of its 
research methods.

Non-experimental study A study based on 
participants selected on the basis of their 
availability, with no attempt having been made 
to avoid problems of bias.

Objective measure A measurement that 
follows a standardised procedure that is less 
open to subjective interpretation by potentially 
biased observers or study participants.

Placebo A pill, medicine or procedure that has 
no physiological effect and is used as a dummy 
treatment.

Placebo effect A beneficial (or adverse) effect 
produced by a placebo and not due to any 
property of the placebo itself.

Pre–post study A study design that measures 
outcomes in one group of people, first before 
and then after an intervention is given or 
initiated.
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Prevalence The proportion of a population 
of people who are experiencing a condition or 
disease at a given time.

Probability How likely an event is to occur, 
e.g. how likely a treatment or intervention will 
alleviate the symptom.

Prognostic factor Patient or disease 
characteristics that influence the course of a 
particular condition. In a randomised trial to 
compare two treatments, chance imbalances 
in prognostic factors that influence patient 
outcomes are possible, especially if the size of 
the study is fairly small. In terms of analysis 
these prognostic factors become confounding 
factors.

p-value If a study is carried out to compare 
two treatments the p-value is the probability 
of obtaining the results, or something more 
extreme, if there really was no difference 
between treatments. By convention, when the 
value of p is below 0.05 (i.e. less than 5%) the 
result is seen as statistically significant.

Randomised controlled trial A trial in which 
people are randomly assigned to two (or 
more) groups, one (the experimental group) 
receiving the treatment that is being tested 
and the other (comparison or control group) 

receiving an alternative treatment, a placebo or 
no treatment. The two groups are followed up 
to compare differences in outcomes between 
them.

Reliability The extent to which a method 
of measurement consistently gives the same 
results.

Sample A part of the study’s target population 
from which the participants of the study will 
be recruited. If participants are drawn in an 
unbiased way from a particular population, the 
results can be generalised from the sample to 
the population as a whole.

Selection criteria Explicit criteria used in 
systematic reviews to decide which studies 
should be included and excluded from 
consideration as potential sources of evidence.

Self-report measure An outcome measure that 
uses the views and experience of the patient 
rather than clinical measurements.

Standard deviation A measure of the spread, 
scatter or variability of a set of measurements.

Validity Assessment of how well a tool or 
instrument measures what it is intended to 
measure.



Glossary and list of abbreviations

x

AHI apnoea/hypopnoea index

AI apnoea index

BMI body mass index

CASPO cautery-assisted palatal stiffening 
operation

CCT controlled clinical trial

CT computerised tomography

COPD chronic obstructive pulmonary 
disease

CPAP continuous positive airway 
pressure

ECG electrocardiogram

EDS excessive daytime sleepiness

EEG electroencephalogram

ENT ear, nose and throat

ESS Epworth Sleepiness Scale

GP general practitioner

Hz hertz

LAUP laser-assisted uvulopalatoplasty

MAS mandibular advancement splint

MRI magnetic resonance imaging

MSLT Multiple Sleep Latency Test

ODI oxygen desaturation index

OSAS obstructive sleep apnoea/
hypopnoea syndrome

PSG polysomnography

RCT randomised controlled trial

RDI respiratory disturbance index

RFA radiofrequency ablation

SDB sleep-disordered breathing

SPL sound pressure level

SaO2 oxygen saturation of arterial 
blood

SpO2 oxygen saturation of arterial 
blood by pulse oximetry

TMJ temporomandibular joint

UARS upper airway resistance syndrome

UP3 uvulopalatopharyngoplasty

List of abbreviations

All abbreviations that have been used in this report are listed here unless the abbreviation is well 
known (e.g. NHS), or it has been used only once, or it is a non-standard abbreviation used only in 
figures/tables/appendices, in which case the abbreviation is defined in the figure legend or in the 
notes at the end of the table.
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Executive summary

Background

Snoring is the hallmark symptom of a spectrum of 
sleep-related breathing disorders (sleep-disordered 
breathing, SDB). The pathophysiological cause of 
SDB is sleep-induced airway obstruction. Minimal 
airway obstruction causes non-apnoeic, or simple, 
snoring. At the other extreme, complete airway 
obstruction causes obstructive sleep apnoea 
syndrome (OSAS).

Snoring is very common in the general population, 
with around 35–45% of men and 15–28% of women 
reporting habitual snoring. However, although 
the clinical significance of non-apnoeic snoring 
remains equivocal, its psychosocial impact is 
easily recognised. Loud intrusive snoring affects 
bed partners, family and even neighbours. Noise 
pollution and its resulting social disability and 
relationship disharmony is an important reason 
why an individual will seek medical advice.

There are a number of surgical procedures and 
non-surgical devices for the management of 
non-apnoeic snoring, and the most appropriate 
treatment option depends on the level of airway 
obstruction, the intensity of the snoring sound, 
and the characteristics of the individual patient. 
Prior to being considered for surgery or use of a 
CPAP machine all patients must have a diagnosis 
of sleep apnoea excluded by undergoing either 
overnight polysomnography (PSG) or modified 
PSG. Additionally, the site of airway obstruction will 
be examined to ensure adequate patient selection 
for each procedure.

Objectives

To review the evidence on the clinical effects and 
associated treatment costs of surgical procedures 
and non-surgical devices for the management of 
non-apnoeic snoring.

Methods

A systematic review was undertaken. MEDLINE, 
EMBASE, CINAHL, Cochrane Controlled Trials 

Register (CCTR) and NHS EED were searched for 
relevant studies of clinical effects and treatment 
costs published between 1980 and 2007.

Randomised controlled trials (RCTs), cross-
over trials, controlled clinical trials (CCTs), and 
pre–post studies that reported an objectively 
assessed outcome measure in patients eligible 
for surgical procedures or the use of non-surgical 
devices for non-apnoeic snoring were included. 
Non-surgical devices included were: continuous 
positive airway pressure (CPAP); mandibular 
advancement splints (MAS); and tongue-retaining 
devices (TRD). Surgical procedures included 
were: surgery for coincidental nasal obstruction; 
uvulopalatopharyngoplasty (UP3) with or without 
tonsillectomy; laser-assisted uvulopalatoplasty 
(LAUP); uvulopalatal elevation palatoplasty (UEP); 
uvulectomy alone; palatal stiffening techniques 
(injection snoreplasty, cautery-assisted palatal 
stiffening, diathermy assisted uvulopalatoplasty, 
Pillar implants); radiofrequency ablation (RFA) of 
the soft palate or tongue base; and tongue base 
suspension procedures. Studies of mandibular/
maxillary advancement procedures were excluded. 
All interventions were compared with each other, 
placebo, lifestyle modification techniques or no 
intervention.

Outcome measures of interest were objective 
snoring sound indices; patient- and/or bed 
partner-reported snoring severity; PSG parameter 
measurements; and cephalometric radiographs or 
magnetic imaging scans of palatal width or length. 
Treatment complications and the need for repeat 
procedures were also assessed.

Review methods and 
data synthesis

Studies were screened for inclusion, data 
extracted, and quality assessed independently 
by two reviewers. Results were broadly grouped 
according to the intervention and comparator, 
where applicable, and study design. Results were 
combined using a narrative synthesis with relevant 
quantitative results tabulated.
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Treatment costs
The indicative costs of the surgical procedures and 
non-surgical devices included initial treatment 
costs, as well as the ongoing costs of care associated 
with the interventions. The cost of diagnostic tests, 
i.e. PSG or modified PSG to exclude a diagnosis of 
sleep apnoea, were not included in the treatment 
costs. No studies were identified by the searches 
that had assessed the costs associated with any of 
the included interventions. Costs were therefore 
estimated based on the NHS reference costs (2006), 
data from device manufacturers, and clinical 
opinion. It was not possible to estimate a cost 
associated with RFA of the soft palate or tongue 
base, as the cost of the somnoplasty generator 
and electrodes was considered to be ‘commercial 
in confidence’ on approach to the device 
manufacturers, and was not otherwise available in 
the public domain.

The limited analysis of rough cost estimates for 
the other surgical procedures assumed that each 
procedure would entail an initial consultation with 
an ear, nose and throat (ENT) surgeon, specific 
inpatient or day-case procedure time, device costs 
(where relevant) and a follow-up consultation. 
For UP3 it was assumed that the procedure would 
entail an inpatient stay of 1 day, and for LAUP 
(which can be conducted as a 1-, 2- or 3-stage 
sequential procedure) that each additional 
procedure was associated with one additional 
follow-up visit. For CPAP, as there are numerous 
machines and face masks available, the mean cost 
of the devices available was used and a device life of 
7 years with an annual replacement cost of the face 
mask assumed. Additionally, it was assumed that 
patients would undergo an initial consultation and 
a session with a specialist nurse for device titration. 
For costs associated with MAS, it was assumed 
that the dentist provided a Thornton Adjustable 
Positioning® (TAP) device, and that the device life 
was 2 years. For each subsequent year of MAS use, 
it was assumed that an annual check-up would be 
necessary. Costs of both the CPAP machine and 
MAS were expressed as equivalent annual costs 
using the discount rate of 3.5%.

Results

A total of 1903 titles and abstracts were screened 
for inclusion, with 27 studies reported in 30 
publications meeting the inclusion criteria. The 
identified studies assessed a broad range of 
interventions. These could broadly be grouped 
into studies assessing UP3 versus LAUP (n = 2), 

UP3 alone (n = 7), LAUP alone (n = 3), palatal 
stiffening techniques (Pillar implants and injection 
snoreplasty) (n = 5), RFA of the soft palate or 
tongue base (n = 7), CPAP (n = 1) and MAS 
(n = 2). No studies were identified that assessed 
surgery to improve coincidental nasal obstruction 
alone, uvulectomy alone, DAUP or tongue base 
suspension procedures.

Studies were generally of a low methodological 
quality with small sample sizes. A total of 1191 
patients had been included. The evidence consisted 
of three randomised controlled trials (11%), two 
controlled clinical trials (7.5%), and 22 pre–post 
studies (81.5%). In the five controlled studies, very 
few between-group comparisons were reported, 
with data analysed as a change in the pre- and post-
treatment mean for each group separately. Lack of 
any between-group comparisons and heterogeneity 
between the studies in the interventions assessed, 
treatment protocols and outcome measures means 
that few between-study comparisons could be 
drawn.

Uvulopalatopharyngoplasty versus 
laser-assisted uvulopalatoplasty

On subjective measures of snoring, evidence 
from one RCT (n = 47) and one CCT (n = 60) 
on the effects of UP3 versus LAUP is equivocal. 
Where there were significant differences between 
the procedures, these favoured treatment with 
UP3 (n = 45), but on other measures there 
were no significant differences. This finding is 
consistent with evidence that both procedures 
were effective at reducing the number of snores 
per hour postoperatively (n = 23), but there were 
no significant differences between the procedures. 
Additionally, both UP3 and LAUP were effective 
at reducing snoring loudness (n = 23), but this 
reduction is modest (3.8 dB). Adverse events 
between the two procedures were comparable 
(n = 47), except for levels of postoperative pain, 
which were significantly higher in the UP3 group 
(n = 18).

Uvulopalatopharyngoplasty alone

Evidence on the effects of UP3 from seven pre–
post studies (n = 538) shows that UP3 is effective 
in reducing a number of subjectively reported 
snoring indices. Overall results from four studies 
that assessed objective measures of snoring sound 
parameters were equivocal (n = 184). Postoperative 
pain, where reported, was moderate, but all 
morbidity associated with the procedure was minor.
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Laser-assisted 
uvulopalatoplasty alone
Limited evidence from three pre–post studies 
(n = 58) on LAUP supports the fact that subjectively 
assessed snoring status or scores were improved 
after the procedure. None of the studies on 
LAUP had assessed objectively evaluated snoring 
sounds. Levels of postoperative pain were mild to 
moderate, and all adverse events were minor.

Radiofrequency ablation 
of the soft palate

Results from six pre–post studies (n = 142) show 
that RFA is associated with a postoperative 
reduction in partner-assessed snoring intensity. 
Snoring intensity was reduced from a mean 
pre-treatment range of 6.5–8.4 to a mean post-
treatment range of 2.75–5.2 as assessed on a 
10-point visual analogue scale. Evidence for 
effects of RFA on an objective reduction in snoring 
sound levels from three studies (n = 50) is mixed. 
Levels of postoperative pain, swallowing, speech, 
taste and pharyngeal irritation were rated as low 
to moderate. Rates of mucosal blanchings and 
erosions ranged from 15% to 40%.

Pillar implants

Four pre–post studies (n = 107) indicated that Pillar 
implants are effective at reducing partner-rated 
snoring intensity. Snoring intensity was reduced 
from a mean pre-treatment range of 7.1–7.9 to a 
mean post-treatment range of 4.7–4.8. Evidence 
on the effects of Pillar implants on objective 
snoring indices from one study (n = 40) showed 
no significant differences between pre- and post-
treatment levels. Postoperative pain levels were 
either mild or moderate, whilst swallowing and 
speech difficulties were rated as mild. The rate of 
implant extrusions ranged from 0% to 11%.

Continuous positive 
airway pressure

The only available evidence on the effects of CPAP 
for the treatment of non-apnoeic snoring came 
indirectly from a two-group parallel pre–post study 
with nine patients in the treatment group. Results 
showed that use of CPAP at 5.3 cmH2O (range: 
3–8 cmH2O) reduced the number of snores per 
hour from a mean of 387 (SD: 150) to a mean of 
15.1 (SD: 2.5). No subjective snoring scores were 
evaluated.

Mandibular advancement splints
Evidence on the effects of MAS from three studies 
(n = 72) was limited to objective snoring sound 
outcomes. This suggests that MAS significantly 
improve a number of objective snoring sound 
parameters. Data from one study (n = 35) reporting 
adverse effects showed that the percentage of 
minor side effects was relatively high, particularly 
for muscular and temperomandibular joint 
discomfort in the initial days of MAS use. Minor 
side effects remained relatively common but these 
all decreased within the first month of use.

Summary of costs

Limited analysis indicates that the cost for UP3 is 
approximately £1230, assuming that patients have 
a 1-day hospital stay, but rises to approximately 
£1550 if patients require an additional day of 
hospitalisation. For LAUP, the cost associated with 
one procedure is approximately £790 but rises 
to £1430 for a two-stage sequential procedure 
and £2070 for a three-stage procedure. The 
treatment costs associated with the use of Pillar 
implants range from £1110 to £1160 (depending 
on the manufacturer’s discount). When use of 
either a CPAP machine or MAS is considered, the 
approximate annual treatment costs associated 
with the use of each device are £220 and £130 
respectively.

Conclusions

There appear to be no consistent significant 
differences in effects between UP3 compared with 
LAUP on snoring levels. UP3, LAUP, RFA of the 
soft palate and Pillar implants are all associated 
with a significant reduction in patient- or bed 
partner-reported snoring levels. However, the 
rate of relapse on subjectively assessed outcomes 
is variable and ranges from approximately 6% 
to 24%, depending on the procedure and the 
length of postoperative follow-up. There is no 
strong evidence that subjectively assessed snoring 
outcomes are associated with objective reductions 
in snoring sound levels.

Very limited evidence on CPAP and MAS shows 
that both devices are associated with a significant 
reduction in objective snoring sound parameters, 
which if realised may translate into a significant 
reduction in bed partner-assessed snoring intensity.



Executive summary

xiv

In terms of UP3, LAUP and Pillar implants, there 
is no procedure that is clearly the least-cost option 
based on the crude and limited analysis conducted. 
For use of CPAP or MAS, use of MAS appears 
cheaper than use of a CPAP machine. However, 

there is considerable variation in the cost of both 
devices, and use of more expensive MAS and less 
expensive CPAP machines may reverse the cost 
relationship.
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Chapter 1  

Background

Description of the problem

Snoring is the hallmark symptom of a spectrum 
of sleep-related breathing disorders collectively 
termed sleep-disordered breathing (SDB). 
Snoring is not a symptom of either sleep-related 
hypoventilation, as occurs in neuromuscular 
diseases or obesity, or the breathing patterns in 
Cheyne–Stokes respiration. The pathophysiological 
cause of SDB is sleep-induced intermittent airway 
obstruction. At one end of the spectrum is non-
apnoeic or primary snoring without arousals, 
oxygen desaturations or significant changes in 
intrathoracic pressure. At the other end of the 
spectrum is severe obstructive sleep apnoea 
syndrome (OSAS) characterised by frequent 
apnoea/hypopnoea events, abnormally negative 
intrathoracic pressures, frequent arousals and 
disrupted sleep architecture, leading to excessive 
daytime sleepiness (EDS). Milder forms of OSAS 
and upper airway resistance syndrome (UARS) also 
form part of the spectrum. Patients with UARS 
have arousals during sleep related to abnormally 
increased work of breathing and increased upper 
airway resistance, but the respiratory disturbance 
index (RDI) may remain normal. These arousals 
commonly result in symptoms of EDS.

The frequency of apnoeas and hypopnoeas 
hourly measured by the apnoea/hypopnoea index 
(AHI) or the respiratory disturbance index (RDI) 
is used to differentiate non-apnoeic snoring 
from OSAS. An apnoea is defined in adults as a 
10-second breathing pause, whereas a hypopnoea 
is categorised as a similar length event in which 
there is continued breathing but ventilation is 
reduced by at least 50% or a reduction of less 
than 50% from baseline is associated with either 
an oxyhaemoglobin desaturation of more than 
3% or an arousal.1 According to this definition 
non-apnoeic or primary snoring is classified 
by an AHI score of less than or equal to five.1 
However, it should be recognised that any cut-off 
in AHI score to classify different levels of airway 
obstruction is somewhat arbitrary. Severity can 
vary from night to night and symptoms from day 
to day in any one individual. Furthermore, AHI 
may rise with age in the population and therefore 
require age adjustment of any stratification system.2 

Stratification according to AHI should therefore 
be used to assign patients to an approximate level 
of severity when considering alternative treatment 
strategies.

Prevalence of snoring

Snoring is very common in the general population 
with around 35–45% of men and 15–28% of women 
reporting habitual snoring.3,4 Risk factors for the 
development and worsening of snoring include 
increasing age, male gender, obesity (in part 
used as a proxy marker for neck circumference), 
alcohol ingestion, smoking, sedative use and 
nasal obstruction. Snoring is also more common 
in respiratory conditions such as asthma and 
chronic obstructive pulmonary disease (COPD).5–8 
Prevalence estimates of snoring have varied 
considerably from 16% to 89% depending on the 
populations studied, the definitions of snoring 
used, the investigations performed and the study 
design.9 Conservative estimates for the prevalence 
of OSAS with EDS in middle-aged men (30–65 
years) are in the range of 2.0% to 4.0%,10 whereas 
the prevalence of OSAS with EDS in women is 
probably about half that at around 1.0–2.0%.10 
Clearly, therefore, the majority of individuals 
who snore do not suffer from OSAS with EDS 
and would be classified as non-apnoeic or simple 
snorers. Obviously, however, a large proportion of 
this population would not be sufficiently disturbed 
by snoring to seek medical advice and, indeed, 
it is not clear from the current research what 
proportion of people would seek treatments if 
these were both successful and easily available.

Clinical significance of 
non-apnoeic snoring

It has been clearly demonstrated that systemic 
blood pressure fluctuates transiently with snoring.11 
However, the search for a potential association 
between heavy habitual snoring and hypertension, 
cerebrovascular disease and coronary artery disease 
has yielded conflicting results.11–13 All of the studies 
showing associations between habitual snoring 
and cerebral infarction or myocardial infarction 



Background

2

have been based on questionnaire data.14–16 
None of the studies linking non-apnoeic snoring 
and cardiovascular disease has used objective 
polysomnographic (PSG) measures of SDB, and 
studies that have excluded patients with diagnosed 
OSAS have found no such association.13,17 There is 
also unresolved debate as to whether non-apnoeic 
snoring alone without OSAS can cause significant 
sleep fragmentation leading to EDS. EDS in 
patients with OSAS is a well-established correlate 
of the syndrome. However, attempts to assess this 
in non-apnoeic snoring have been confounded 
by studies of mixed patient populations, with 
OSAS, UARS and non-apnoeic snoring being 
assessed; sleep fragmentation as a result of a bed 
partner’s attempts to stop the snoring; and the 
high prevalence of moderate to severe sleepiness 
reported in the general population.4,18

The clinical significance of non-apnoeic snoring is 
therefore somewhat equivocal, but its psychosocial 
impact is easily recognised. Loud intrusive 
snoring affects bed partners, family and even 
neighbours. Noise pollution and its resulting social 
disability, relationship disharmony and threatened 
marriage break-up19 is an important reason why 
an individual, often pressurised by a partner, will 
seek medical advice. In this respect, non-apnoeic 
snoring is an unusual ‘medical condition’ in that 
it is one commonly complained about not by the 
individual concerned but by their bed partner.

Snoring sound intensity and its frequency and 
duration are difficult to measure and accurately 
quantify. They are most usually assessed by means 
of a questionnaire directed at both the snorer and 
their bed partner. However, there is evidence that 
many patients are unable to accurately assess their 
own levels of snoring, with reports depending 
on factors such as perceived social stigma, health 
consciousness and the number of complaints 
from their bed partners.20 Additionally, it has 
been found that agreement between patients’ and 
listeners’ perceptions of snoring is poor, and even 
two separate listeners do not always agree whether 
the emitted sound constitutes snoring or simply 
noisy breathing.21,22 Snoring treatment assessment 
is further complicated by the fact that a subjective 
evaluation of snoring has seldom been confirmed 
when objective measurements of snoring sound 
intensity are performed.22 Patients and/or their bed 
partners may report satisfaction with treatment 
and claim that snoring is diminished or disturbs 
the bed partner less. However, on objective post-
treatment measurement there may be no significant 
difference observed in snoring duration, frequency 

or intensity. It has been posited that this difference 
between subjective and objective outcome 
measurements is due to a strong placebo effect and 
regression to the mean. Therefore, there is a clear 
need for randomised controlled trials (RCTs) in 
the assessment of different interventions for non-
apnoeic snoring.

The World Health Organization recommends 
that an A-weighted equivalent continuous sound 
pressure level (SPL) at night of Laeq interior of 
30 decibels (dB) and a maximum level of Lmax interior 
of 45 dB should not be exceeded.23,24 Generally, 
calm breathing from the mouth at a 10-cm distance 
is barely audible and produces levels of 25 and 
17 dB (A) SPL for inhalation and exhalation 
respectively.25 Loud breathing measured at 1 m 
from the mouth can reach levels of 40 dB (A), 
with 40 dB (A) SPL generally considered as the 
transition point between breathing and snoring.26,27 
At 55 dB (A) SPL, noise can already be classified as 
acoustic pollution. Maximum snoring noise levels 
can reach even more than 90 dB (A) SPL.26,28,29

Aetiology

Snoring noise is generated because of the turbulent 
flow of air through the oropharyngeal segment of 
the upper airway. This area includes the soft palate, 
uvula, tonsils, tonsillar pillars, base of the tongue, 
and back and side walls of the throat. Figure 1 
shows the anatomy of the upper airway structures 
implicated in the generation of snoring sound.

Upper airway narrowing with sleep onset is 
a normal physiological process,30 but partial 
obstruction occurs because of a failure of the upper 
airway dilator muscles to stabilise the airway during 
sleep. Their innervation is complex and subject to 
reflex control. When a slight narrowing occurs, the 
speed of airflow through the narrowed segment 
increases (Venturi effect), which in turn provokes 
increased inspiratory negative pressure, further 
exacerbating the collapse (Bernoulli’s principle). 
Studies comparing snorers and non-snorers have 
confirmed that snorers generate more negative 
inspiratory pressures31 and have prolonged 
inspiration times31 and limitation of respiratory 
flow.32 These changes lead to unstable turbulent 
airflow within the upper airway and tissue 
vibration, causing the production of a snoring 
sound. The loudness of snoring is determined 
by the force of the air being drawn in and the 
resistance that it meets. Pitch and tone of snoring 
are determined by the thickness and consistency 
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FIGURE 1 Anatomy of the oropharyngeal segment of the upper airway tract.

of the vibrating tissue,33 as well as whether snoring 
is generated through the nose or mouth or both.28 
It has been consistently observed that snoring is 
worse during slow-wave sleep and during the early 
part of the night, whereas it is relatively rare during 
rapid eye movement (REM) sleep cycles.34

Partial obstructions in the upper airway contribute 
to the problem of snoring. The abnormal 
narrowing found in patients with SBD may be due 
to mandibular changes, anatomical factors (e.g. 
obesity),35 a large soft palate,36 a large tongue,37 
bimaxillary retrusion,37 or abnormal soft tissue 
function and increased collapsibility.35 A supine 
sleeping posture is thought to further reduce the 
airway by allowing the effect of gravity on the soft 
tissues, encouraging the tongue and soft palate to 
fall back against the posterior pharyngeal wall.

The pattern of dynamic multilevel pharyngeal 
narrowing associated with snoring sound 
production occurs in different regions of the 
oropharynx to varying proportions in different 
individuals. In some patients it is predominantly 
palatal and nasopharyngeal, whereas in others 
it can be retroglossal or hypopharyngeal. The 
classification system most commonly used 
to categorise the site of airway obstruction 
is that developed by Fujita,38 in which type I 
is oropharyngeal obstruction only, type II is 
oropharyngeal and hypopharyngeal, and type III 

is hypopharyngeal obstruction alone. The correct 
identification and classification of the site(s) of 
airway narrowing are important in any workup as 
this will determine the most appropriate treatment 
strategies, especially those involving surgery.

Management
Diagnosis
The aim of investigating patients presenting with 
signs consistent with non-apnoeic snoring is to 
rule out more severe SDB disorders (i.e. UARS and 
OSAS) and other conditions. On initial screening, 
care is therefore taken to elicit evidence of any 
symptoms indicative of OSAS, for example EDS. 
This can be assessed using the Epworth Sleepiness 
Scale (ESS), which is a validated 24-point 
questionnaire that aims to assess the likelihood 
of falling asleep in a variety of situations. The 
score can be used to clinically subdivide patients 
into the normal range (ESS < 11), mild subjective 
daytime sleepiness (ESS 11–14), moderate 
subjective daytime sleepiness (ESS 15–18) or severe 
daytime sleepiness (ESS > 18). Depending on 
the history, in which care will be taken to assess 
patients presenting with ESS who snore for other 
underlying causes for the presenting symptoms, 
and examination findings, patients will be referred 
for one of several further procedures, including 
PSG or modified PSG, before formal treatment 
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options are discussed. This is consistent with 
current guidelines from the Scottish Intercollegiate 
Guidelines Network on the management of 
obstructive sleep apnoea/hypopnoea syndrome in 
adults, which state that OSAS must be excluded 
before treatment is considered.2

Sleep studies

The main purposes of sleep studies are to confirm 
or refute the diagnosis of OSAS or sleep-related 
problems and to assess their severity to guide 
management options. Sleep studies may therefore 
measure some aspects of ventilation either directly 
or indirectly to assess any possible compromise by 
upper airway obstruction and any consequences 
for sleep quality. Studies vary in their complexity 
from full PSG with recordings of 12–30 channels 
of various electrophysiological, breathing and 
movement signals to one-channel information 
studies such as oximetry. Recordings can be 
undertaken during part or all of a night’s sleep and 
may be performed in a sleep centre or at home, 
depending on the study complexity.

Polysomnography
PSG records sleep and breathing patterns 
simultaneously. A standard PSG typically 
consists of an electroencephalogram (EEG), an 
electrocardiogram (ECG), a segmental tibialis 
electromyogram, an electro-oculogram, and 
respiratory airflow, thoracoabdominal movement 
and oxygen saturation (oximetry) recordings. Body 
position and snoring levels are also frequently 
monitored.

Limited sleep studies
Limited sleep studies usually incorporate 
measurement of respiratory signals in combination 
with an indirect measure of arousal. The general 
combination of indices measured are airflow, 
thoracoabdominal movement, oximetry and heart 
rate measurement. Some studies additionally also 
assess snoring and indirect evidence of episodes 
of airflow obstruction. An advantage of limited 
sleep studies is that they can potentially be 
performed at home, thereby reducing the costs of 
accommodation in a sleep centre and attendant 
staffing costs. The cost of a typical home-based 
limited sleep study may be approximately only 20% 
of the cost of a hospital-based PSG.2

Oximetry
Oximetry provides an assessment of the oxygen 
saturation of arterial blood arriving at the fingertip 
or earlobe with each pulse beat, giving a reading of 

the SpO2 level. The most commonly used methods 
to analyse oximetry results are to count the number 
of oxygen desaturations (dips) per hour greater 
than a certain value (often a 4% SpO2 dip rate of 
more than ten per hour) or the time spent during 
the study at less than an agreed SpO2 level (usually 
90%). The readings also provide an indirect marker 
of transient arousals from sleep, with each arousal 
associated with an approximate rise in the heart 
rate of 6–10 beats per minute. Therefore, assessing 
oximeter tracings with the accompanying pulse 
rate recording can provide information about sleep 
fragmentation.

Assessment of the site 
of airway narrowing

Several techniques have been used to attempt to 
localise the level of the obstruction implicated in 
the generation of the snoring sound. Identification 
of the primary and secondary sites of obstruction 
may be used to determine the most appropriate 
treatment options and potentially provide some 
prediction of treatment outcome. The most 
commonly used techniques are:

visual inspection•	
fibreoptic endoscopy with or without Muller’s •	
manoeuvre
sedation (sleep) nasendoscopy•	
upper airway pressure recordings during sleep•	
imaging and cephalometric radiography•	
acoustic analysis of the snoring sound.•	

Visual inspection
Visual inspection of the nose and pharynx is 
used to rule out gross anatomical obstructions or 
malignancies. Although inexpensive, available 
and easy to perform, it is carried out during 
wakefulness when the muscular tone and 
respiratory drive may be different from that during 
sleep.39

Fibreoptic endoscopy with or 
without Muller’s manoeuvre
Fibreoptic endoscopy during wakefulness allows 
visualisation of the entire upper airway and 
the extent of airway collapse at different levels. 
Anatomic abnormalities can be assessed, including 
hypertrophy of the tongue, uvula and tonsils. 
Oedema of the soft palate and uvula may indicate 
snoring resulting in vibratory lesions. The extent of 
collapse at the velopharynx relative to collapse at 
the oropharyngeal level is used to predict surgical 
outcome.32 Fibreoptic nasopharyngoscopy can 
additionally be combined with Muller’s manoeuvre. 
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The manoeuvre consists of forced inspiratory 
effort against closed nasal and oral airways. The 
endoscope is inserted through the nostril while the 
patient is awake and supine, allowing examination 
of the retropalatal and retrolingual level of the 
pharynx. There are a number of limitations to 
the test. The patient is awake and therefore the 
pharyngeal muscular tone is much higher than in 
sleep, inspiratory effort may vary from patient to 
patient, thereby varying the degree of collapse, and 
there is a relatively large interobserver variation in 
determining the level of collapse.

Sedation (sleep) nasendoscopy
Sedation (sleep) nasendoscopy requires the 
sedation of the patient. Once snoring is achieved 
a fibreoptic nasendoscope is used to visualise the 
level of pharyngeal collapse and sound production. 
This technique is reasonably reliable at identifying 
the site of obstruction,34 and the cross-sectional 
area of the pharynx can be estimated to within 10% 
by this method when linked to a computer.40 The 
technique, however, has three major limitations. 
First, the various levels of the upper airway cannot 
be studied simultaneously and therefore it is 
difficult to assess multilevel upper airway collapse. 
Second, it is unlikely that sedation-induced sleep 
correlates well with natural sleep; therefore, any 
observed snoring source and/or reduction in 
pharyngeal diameter under sedation may not 
also occur during natural sleep. Last, there is 
no currently standardised protocol for sedation. 
This results in wide variations from individual to 
individual, between sequential studies on the same 
individual and between centres. This is further 
compounded by evidence that most surgical 
failures for non-apnoeic snoring occur at the level 
of the palate.41 Therefore, the poor predictive value 
of sleep nasendoscopy for the outcome of laser 
uvulopalatoplasty41 probably reflects a combination 
of limitations in both the test and the procedure.

Upper airway pressure 
recordings during sleep
Pressure measurements using several pressure 
transducers placed in the oesophagus and pharynx 
allow dynamic nocturnal investigation of the 
upper airway in patients. It has been shown that 
monitoring by use of pressure transducers within 
the oesophagus during sleep produces similar 
results to a full PSG but at significantly less cost.42 
However, one disadvantage of the pressure catheter 
method is that usually only the lowest limit of 
the obstructed airway segment is determined 
and the test may not adequately localise the level 
of tissue obstruction but rather the segment of 

airway collapse. In retrolingual obstructive events, 
therefore, it is difficult to assess whether or not 
the retropalatal airway is also collapsed. As the 
largest pressure gradient is retrolingual, this level 
is assumed to be the primary site of obstruction. 
However, as the largest pressure gradient is 
dissipated across the retrolingual area, little 
respiratory pressure remains to allow development 
of a large pressure gradient across the palate.43 
Further disadvantages of this method are that it 
does not allow for visualisation of the surrounding 
soft tissues and that the invasive nature of the test 
may influence the duration of sleep and the lowest 
stage of sleep attained.

Imaging and cephalometric radiography
Imaging techniques that have been used in 
attempts to identify structures involved in 
snoring sound generation include fluoroscopic 
techniques, computerised tomography (CT) 
scanning, magnetic resonance imaging (MRI) and 
cephalometric radiography (plain radiography 
of the airways). These techniques have had only 
limited success44–46 and may do little to guide 
therapeutic intervention. Furthermore, practicality, 
cost and excess radiation exposure have 
proved major limitations. Currently, therefore, 
cephalometric radiography is indicated only in 
patients with a retrolingual site of obstruction, 
with contributing skeletal abnormalities, in 
whom surgical procedures directed at this site are 
planned.

Acoustic analysis of the snoring sound
Acoustic analysis of the snoring sound has 
developed since the early 1990s. Acoustic 
techniques have been used in an effort to create 
theoretical mathematical models of snoring sound 
production to enable the level at which the sound 
is produced to be derived. Acoustic analysis has 
indicated that frequencies around 20 hertz (Hz) 
are associated with palatal fluttering, whereas 
obstruction at other sites gives a more diffuse 
frequency range. To date, acoustic analysis has 
been used to help diagnose OSAS,47 as an objective 
outcome measurement of snoring surgery,48–50 
and in an attempt to differentiate the underlying 
mechanism of sound production.51,52 Although 
these techniques seem to hold some promise as 
a diagnostic tool, they still require considerable 
further refinement.

Overall, given the present level of uncertainty of 
the tests outlined above in the accurate localisation 
of the airway obstruction and the prediction of the 
level of obstruction at which the snoring sound 
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is generated, there is likely to be large variation 
in current practice as to which, if any, tests are 
performed. Coupled with patient preference 
and resource availability, decisions on alternative 
treatment strategies for the individual patient may 
still be based on history and clinical examination 
alone.

Interventions for non-
apnoeic snoring

Deciding which of the various treatment options 
is most appropriate for the management of non-
apnoeic snoring depends on the level of airway 
obstruction and therefore the source of the snoring 
sound generation; the intensity of the snoring 
sound and the amount of social disruption caused; 
and the characteristics of the individual patient.

There are a number of conservative treatment 
options by which a reduction in snoring may be 
achieved. These include weight reduction,14 the 
use of sleep positioning devices53 and a reduction 
in alcohol intake.54 These are generally indicated 
either as a first-line treatment option or as an 
adjuvant intervention depending upon the 
patient’s lifestyle risk factors for snoring and the 
pathophysiological mechanism of snoring sound 
production. Additionally, non-prescription (over-
the-counter) medications such as nasal dilators 
are also currently available on the market. The 
effects of non-prescription treatments for non-
apnoeic snoring and OSAS have been reviewed by 
the American Academy of Sleep Medicine Clinical 
Practice Review Committee.55

The findings of this review highlighted the paucity 
and low quality of the evidence currently available 
to support the use of external nasal dilator 
strips (ENDS), internal nasal dilators (INDS), 
lubricant nasal and oral products, oral dietary 
supplements and magnetic pillows and mattresses 
in the treatment of both non-apnoeic snoring and 
OSAS.55 The Clinical Practice Review Committee 
concluded that there was insufficient information 
on these products to develop standards of practice 
recommendations.

As the current assessment is limited to a review of 
the clinical effects of surgical procedures and non-
surgical devices for the management of primary 
snoring, a brief outline of the available devices and 
surgical techniques used as treatment options is 
given in the next section.

Non-surgical devices
Continuous positive airway pressure
CPAP functions as a pneumatic stent to maintain 
upper airway patency throughout all phases of 
sleep breathing. It operates by means of a flow 
generator that delivers pressure through air tubing 
to a nasal mask, nasal prongs or face mask worn 
overnight. Most patients require lifelong treatment 
and therefore long-term access to a CPAP machine. 
Major side effects of CPAP (e.g. significant 
epistaxis, paranasal sinusitis) are rare, but minor 
side effects (e.g. rhinitis, nasal bridge sores, 
claustrophobia, abdominal bloating) are common. 
Nasal symptoms are usually due to mouth leaks 
causing high flows of cool air through the nose, 
which can be minimised with the use of chin straps 
or a full face mask. Compliance rates, however, in 
patients with non-apnoeic snoring alone without 
OSAS tend to be low because of its airway drying 
effect, the discomfort of the device and to some 
extent the noise of the machine.

Mandibular advancement splints
Mandibular advancement splints (MAS) 
consist of an upper and lower dental bite plate 
connected by an angled strut. The device, which 
is inserted intraorally at night, produces anterior 
displacement of the mandible with the aim of 
enlarging the retroglossal space and increasing the 
upper airway diameter.56 There are two main types 
of MAS: fixed and adjustable devices. Fixed devices 
are usually made using vacuum-formed blanks of 
polymer to construct gum shield-type trays that 
are joined together at an arbitrary or clinically 
recorded position. However, the disadvantage of 
this type of splint is that it is difficult to titrate 
to the individual patient accurately and cannot 
be adjusted once formed. Adjustable appliances 
come in a myriad of designs but are generally 
composed of those that use either an anterior 
locating device, which can be adjusted to protrude 
the lower component fixed to the jaw, or bilator 
connectors, which have either fixed or moveable 
telescopic arms. The advantage of the latter type 
of adjustable device is that it does not encroach on 
the anterior tongue space and does not protrude 
from the mouth. For both fixed and adjustable 
devices the maximal degree of mandible protrusion 
varies from device to device but is usually around 
75% of the maximum possible. For use of all MAS 
devices patients must have an adequate number 
of teeth of sufficient strength and position for the 
device to be able to be worn. The adverse effects 
of MAS use include excess salivation, xerostomia, 
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temporomandibular joint pain, dental pain, 
myofacial pain and bite change. One or more 
of these effects will occur in around 50–80% of 
patients.57 The vast majority settle within 4 weeks 
and side effects abate with appliance withdrawal, 
but overall compliance is around 50–75%.57,58

There are presently a large number of different 
MAS available on the market. Most appliances 
require dental impressions, bite registration 
and fabrication by a dental laboratory.57 These 
custom-made appliances will then be fitted by 
a dentist. Taking the impression and fitting do 
not have a standard dental charge and there is 
marked variation in the UK in these charges. 
There are now also devices available in thermal 
labile material, such as Snore Guard (Hays and 
Meade, Albuquerque, NM), which can be moulded 
to the patient’s teeth in the physician’s or dentist’s 
office,58 as well as devices such as the ‘boil-and-bite’ 
type mouthpieces, which are fitted by the user and 
purchased in pharmacies or via the internet. These 
types of devices are available at a cost of less than 
£50.

Tongue-retaining devices
These devices secure the tongue by negative 
pressure into a soft plastic bulb, thereby forcibly 
holding the tongue anteriorly while sleeping.59 
Tongue retaining devices (TRDs) affect 
genioglossus muscle activity but effects on other 
upper airway muscles have not been evaluated.59,60 
Unlike MAS, the tongue retainer can be used in 
edentulous patients.

Surgical procedures
The aim of palatal surgery is to limit the 
collapsibility of the oropharyngeal segment without 
interfering with normal function. A number of 
procedures have been developed that are based 
on the supposition that palatal flutter is one of 
the most important sound generator mechanisms 
in snore production. Therefore, reducing palatal 
flutter or vibration should theoretically reduce 
snoring. These procedures are based on one of 
two predominant themes: (1) reducing the length 
or volume of the palate and (2) stiffening the soft 
palate tissues.

Uvulopalatopharyngoplasty
Uvulopalatopharyngoplasty (UP3 or UPPP) was 
introduced by Ikematsu61 as the first surgical 
procedure for the treatment of snoring; it was 
later developed and introduced to the West by 
Fujita62 in 1981. Alongside tracheostomy and 
maxillary mandibular advancement (interventions 

outside the scope of the current appraisal) it is 
one of the most radical of the surgical procedures 
currently available. UP3 is designed to reduce 
excess tissue in the palate, uvula, and posterior 
and lateral pharyngeal walls. The procedure 
includes tonsillectomy, or de-epithelialisation of 
the tonsillar fossae if tonsillectomy has already 
been performed, followed by suture apposition 
of the denuded anterior and posterior faucial 
pillars and excision of 1–2 cm of the soft palate 
including the uvula. The exact amount of tissue 
excised varies, depending on individual palatal 
anatomy. The procedure is performed under 
general anaesthetic and therefore hospitalisation is 
necessary. A number of studies have indicated that 
UP3 is often complicated by severe postoperative 
pain.63 Additionally, there may be some long-
term complications with the procedure, such as 
nasopharyngeal regurgitation, persistent palatal 
dryness, long-term voice changes and a partial loss 
of taste.57

Laser-assisted uvulopalatoplasty
In an attempt to overcome the limitations of UP3, 
in 1990 Kamami64 introduced the technique of 
laser-assisted uvulopalatoplasty (LAUP). The 
procedure involves laser excision of the uvula and 
a small portion of the soft palate, lateral to the 
base of the uvula, resulting in the formation of 
bilateral ‘Kamami trenches’. Unlike UP3, LAUP 
can be repeated to obtain the desired effect upon 
the airway. The number of procedures varies, 
with some patients requiring up to four sessions. 
The aim of staging treatment is to excise the 
minimal amount of palatal tissue needed to reduce 
snoring effectively while reducing the risk of 
venopharyngeal insufficiency. In the UK LAUP is 
generally performed under general anaesthetic 
as a day-case procedure and is argued to be a 
safer, more economical and more comfortable 
alternative to UP3. Although LAUP is generally 
associated with fewer complications than UP3, 
postoperative pain is reported to be similar for 
both procedures.65,66 This may negatively affect 
patient compliance and is likely to be influential in 
patients abandoning treatment before the optimal 
amount of soft palate has been excised.67

Uvulopalatal elevation palatoplasty
In this procedure a laser is used to excise a mucosal 
strip from the oral surface of the soft palate and 
uvula. Lateral palatal incisions are then formed to 
release the soft palate allowing the uvula flap to be 
reflected anteriorly onto the denuded oral surface 
of the soft palate. The uvula is then secured with 
Vicryl sutures.68
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Radiofrequency ablation (somnoplasty)
Radiofrequency ablation (RFA) is designed to 
shrink redundant tissue of the soft palate and 
improve the texture of the remaining palate 
so that it becomes more dynamically stable.69 
Radiofrequency energy (at a variety of frequencies 
and energy levels) is released into the palate tissue 
submucosally using an electrode delivery device. 
This creates a lesion within the palate. The body 
will then reabsorb this dead tissue, thus reducing 
the volume of the palate and shortening it. The 
area of the palate most commonly treated is the 
base of the uvula to the posterior nasal spine, 
with two additional lesions created laterally to 
the midline. The procedure may be performed 
on an outpatient basis with use of a topical local 
anaesthetic. As with LAUP the procedure can 
be repeated a number of times if the snoring 
symptoms persist. The most frequently reported 
complications with the procedure are mucosal 
erosion and ulceration.70

RFA has also been used for the reduction of 
turbinates and tongue base ablation for the 
treatment of non-apnoeic snoring.71,72 Current 
guidance on the use of RFA for snoring from 
the National Institute for Health and Clinical 
Excellence (NICE)73 highlights that there are no 
major safety concerns with the use of RFA, but 
evidence on the short-term efficacy is limited and 
long-term outcomes are uncertain.

Palatal stiffening procedures
There are a number of different palatal stiffening 
techniques used in the treatment of snoring. These 
include the cautery-assisted palatal stiffening 
operation (CASPO), injection snoreplasty, 
diathermy-assisted uvulopalatoplasty (DAUP), laser 
palatoplasty and Pillar implants.

Cautery-assisted palatal stiffening operation
CASPO uses cautery to burn the soft palate causing 
fibrosis and consequent stiffening upon healing. 
The procedure is performed during a single 
outpatient visit under local anaesthetic. As with 
RFA and LAUP the procedure can be repeated 
until the desired effect on snoring is gained. The 
procedure is less invasive than either UP3 or 
LAUP and there are generally fewer postoperative 
complications observed.

Injection snoreplasty
Injection snoreplasty is performed on an outpatient 
basis with use of a topical local anaesthetic. A 
sclerosing agent (such as 3% sodium tetradecyl 
sulphate, ethanol, and doxycycline or alcohol) is 

injected into the soft palate anterior to the uvula, 
which creates blistering, causing subsequent fibrosis 
and stiffening upon healing. As with CASPO the 
procedure may need to be repeated until the 
optimal treatment benefit is attained.

Pillar implants
The Pillar implant system is theorised to stiffen 
and reduce the fluttering movement of the soft 
palate through the implantation of woven Dacron 
mesh inserts into pockets created in the soft 
palate.74 As with CASPO and injection snoreplasty 
the subsequent stiffening of the palate that occurs 
is due to fibrosis of the palatal tissue upon healing. 
The technique is performed as a one-stage 
procedure, which may be combined with other 
upper airway procedures for snoring.

Tongue-base suspension procedure
The tongue-base suspension procedure involves the 
insertion of a titanium screw into the geniotubercle 
of the posterior aspect of the mandible in the 
floor of the mouth. A loop of suture is then passed 
through the tongue base and attached to the 
mandible bone screw. The resulting suspension or 
hammock of the tongue base by the device affects 
genioglossus muscle activity, preventing posterior 
tongue displacement and occlusion of the posterior 
pharyngeal wall.75

Surgery for coincident 
nasal obstruction
Decreased nasal airflow has been implicated as a 
factor in snoring severity76 and as such any nasal 
obstruction may be treated before the consideration 
of any definitive snoring surgery. Previous studies 
estimate that 50–69% of non-apnoeic snorers with 
nasal symptoms have improved levels of snoring 
with nasal surgery alone.77,78 This may include 
septoplasty, septorhinoplasty, turbinate reduction 
or sinus surgery.

Current service provision

There is currently no information available in 
the literature on current service provision for the 
treatment of non-apnoeic snoring or the costs 
associated with each type of intervention. Expert 
opinion provided to the Therapeutic Procedures 
Panel of the Health Technology Assessment 
(HTA) Programme during the development 
of the scope for this assessment indicated that 
significant variation exists across the UK in the 
provision of treatment. In some parts of the 
UK primary care trusts (PCTs) see surgery for 
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primary snoring as cosmetic and therefore are 
reluctant to refer patients to an ear, nose, and 
throat (ENT) department for further assessment 
and surgery. In other parts of the UK there is a 
heavy clinical burden in ENT departments from 
patients with snoring. The Audit Commission 
report entitled Access to care for ear, nose, and throat 
and audiology services79 was undertaken as waiting 
times in this speciality have traditionally been 
amongst the longest and it is also less affected by 
emergency cases than other specialities. The report 
highlighted that there were major differences in 
waiting times for outpatient appointments and for 
surgery in various trusts. Waiting times were not 
directly linked to levels of demand and capacity. 
However, the NHS Modernisation Agency’s 
Demand Management Team cites evidence that, 
in many areas, waiting lists are managed with little 
agreement on clinical priority.80 Interestingly, a 
small survey conducted in 2004 to assess levels 
of agreement on prioritisation of 11 different 
conditions commonly seen within ENT based on 
the perception of the relative importance of the 
condition found that there was strong agreement 
between different interest groups on the relative 
priority of both outpatient consultations and 
inpatient treatment for snoring. Across all interest 
groups (including members of the general public, 
non-ENT patients, NHS employees, PCTs and 
trust managers, general practitioners and ENT 
consultants) snoring that resulted in marital 
discord was ranked in the bottom three conditions 

for both outpatient consultation and inpatient 
treatment.81

Further, expert opinion additionally indicated 
that when offered formal surgery many patients 
are reluctant to accept this, especially if warned 
about potential side effects. At the present time 
some dentists are offering MAS that patients can 
effectively try and ‘throw away’ if they do not 
receive any benefit. If this was promoted by general 
dental practitioners the potential uptake could be 
relatively large and would mean that patients miss 
out the step of seeing a general practitioner and 
onward referral when appropriate to ENT services. 
However, although this may be appropriate for 
patients with non-apnoeic snoring it would mean 
that patients at risk of OSAS may potentially miss 
out on the opportunity of having this diagnosis 
made and would therefore remain at risk of all of 
the concomitant problems associated with OSAS. 
Additionally, at the current time fitting of a MAS 
is not provided through NHS funding and there 
are marked variations in the costs associated with 
taking impressions and fitting the devices. These 
dental costs incurred by the patient may therefore 
presently limit the number of patients who are 
willing to try the use of a MAS. It is therefore 
unclear whether further promotion of the use of 
MAS in the management of non-apnoeic snoring 
would reduce the number of referrals to ENT for 
surgical procedures.
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Aims and objectives

The purpose of this report is to assess the clinical 
effects and associated treatment costs of surgical 
procedures and non-surgical devices for the 
management of non-apnoeic snoring.

Interventions

The report assesses surgical procedures and non-
surgical devices for which contact with a health-
care professional (e.g. general practitioner, dentist 
or dental nurse), either in the NHS or private 
practice, is necessary to access the procedure or 
device. Contact in this context may be for initial 
onwards referral only. The scope of the report does 
not include the use of non-prescription (over-the-
counter) treatments or devices for non-apnoeic 
snoring or studies that have assessed the effects of 
mandibular/maxillary advancement (Stanford stage 
2) procedures.

The specific interventions included are:

non-surgical devices:•	
CPAP –
MAS –
TRD –

surgical procedures:•	
surgery for coincident nasal obstruction  –
(septoplasty, turbinate reduction, sinus 
surgery)
UP3 with or without tonsillectomy –
LAUP –
uvulopalatal elevation palatoplasty –
uvulectomy alone –
RFA of the soft palate or tongue base –
palatal stiffening techniques (injection  –
snoreplasty, CASPO, DAUP, Pillar implants)
tongue base suspension procedures. –

Studies that assess adenoidectomy or tonsillectomy, 
either alone or in combination with each other, 
are not included. Additionally, studies that 
assess lifestyle modification interventions for 
the management of snoring, such as weight loss, 
sleep positioning devices, smoking or alcohol 
reduction programmes, are only included if 

directly compared with one of the eligible surgical 
procedures or non-surgical devices.

Population

The population consists of adults with non-apnoeic 
snoring defined by an AHI score of less than or 
equal to 5 who are eligible for surgical procedures 
or the use of non-surgical devices. In all patients 
a diagnosis of OSAS must have been excluded 
by sleep study. Additionally, studies that include 
groups of patients with a diagnosis of OSAS or 
UARS (AHI score > 5) as well as patients with 
diagnosed non-apnoeic snoring are included, 
provided that the outcomes are reported separately 
for each patient group.

Studies in which the patient group are snorers 
with a specific related co-morbidity such as 
chronic obstructive pulmonary disease (COPD), a 
neuromuscular disorder, asthma or heart failure are 
not included.

Relevant comparators

The interventions of interest will be compared 
with each other, placebo, lifestyle modification 
techniques or no intervention.

Outcomes

Studies reporting one or more of the objective 
or subjective outcome measures of snoring are 
included:

objective measures:•	
snoring recording and/or acoustic analysis  –
of snoring sound
PSG, modified PSG or oximetry outcomes –
cephalometric radiographs or MRI scans of  –
palatal length or width

subjective measures:•	
ESS scores/symptoms of daytime sleepiness –
patient and partner questionnaires and/or  –
linear analogue scales related to snoring 
severity (it is recognised that patient-

Chapter 2  
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reported snoring outcomes are of dubious 
validity as patients will only be able to 
report on what they have been told by their 
bed partners)
patient and partner questionnaires and/or  –
linear analogue scales related to quality of 
life
questionnaires and/or linear analogue  –
scales related to sleep quality of bed 
partner

complications:•	
short- and long-term complications of  –
treatment (e.g. nasal reflux on swallowing, 
temporal mandibular joint pain); when 
possible these were dichotomised into 
those that occurred in the immediate 
post-treatment period and longer-term 
complications and considered separately
need for further repeat procedures (other  –
than those specified in the treatment 
protocol).

Study designs

RCTs, cross-over trials and controlled clinical trials 
(CCTs) will be included. Pre–post studies (with 
patients acting as their own controls) will also 
be included providing an objectively measured 
outcome is reported.

Pre–post studies reporting only subjectively 
measured outcomes will not be included.

Publication language 
and status

A full English-language text copy of the study has 
to be available for it to be included. Studies that 
are reported in abstract form only and for which 
no further information is available are excluded. 
Foreign-language papers are also excluded.

Overall aims and objectives 
of the assessment

This assessment reviews the evidence on the clinical 
effects (including both treatment benefits and 
harms) of surgical interventions and non-surgical 
devices for the management of non-apnoeic 
snoring. The report additionally provides an 
estimate of the range of the costs associated with 
each identified intervention based on current UK 
information. Drawing together the evidence on 
clinical effects and treatment costs, interventions 
for which future primary research would be of 
benefit will be identified.



DOI: 10.3310/hta13030 Health Technology Assessment 2009; Vol. 13: No. 3

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

13

Methods for reviewing 
clinical effects and 
treatment costs
Identification of studies

MEDLINE, EMBASE, CINAHL, the Cochrane 
Controlled Trials Register (CCTR) and NHS EED 
were searched for titles and abstracts of potentially 
relevant studies of clinical effects and treatment 
costs published between 1980 and 2007. No study 
design filters or language restrictions were applied 
to the search strategy.

The literature searches retrieved 1903 unique 
references after deduplication. All references 
were managed using Reference Manager software 
version 11. Full details of the search strategies are 
presented in Appendix 1.

Relevant studies were identified in two stages. Two 
reviewers screened titles and abstracts returned by 
the database searches independently. Full texts of 
any references that were considered relevant by 
either reviewer were obtained when available. The 
relevance of each paper was assessed according to 
the criteria set out in Chapter 2. Any discrepancies 
between the reviewers were resolved by recourse 
to the papers and, if necessary, a third reviewer 
was consulted. All duplicate papers were double-
checked and excluded. The bibliographic details 
of excluded studies, along with the reason for their 
exclusion, are detailed in Appendix 2.

Review methods
Data extraction strategy

Data were extracted independently by one 
reviewer into a standardised form. When multiple 
publications of the same study were identified, 
these were linked together to form a ‘set’ of papers 
for each study. Data were then extracted and 
reported as a single study. A second reviewer then 
checked extracted data independently. Full details 
of the data extraction and quality assessment are 
reported in Appendix 3.

Quality assessment strategy
The quality of the individual studies was assessed 
by one reviewer and independently checked for 

agreement by a second. Study quality was assessed 
separately for RCTs/CCTs and pre–post studies 
according to criteria based on the Centre for 
Reviews and Dissemination (CRD) Report No. 4.82 
The main criteria assessed are outlined in the next 
two sections.

Internal validity
The assessment of internal validity examined the 
selection of study groups, the handling of potential 
confounders (baseline imbalance, co-intervention, 
treatment compliance), the blinding of assessors 
and data analysts, the validity and reliability of 
outcome measures, the rate of attrition and the 
appropriateness of data analyses.

External validity
External validity was assessed according to the 
ability of the reader to consider the applicability 
of the findings to a patient group in practice. 
Study findings can be effectively generalised 
only if they (1) describe a patient cohort that is 
representative of the affected patient population 
at large or (2) present sufficient details of their 
patient group baseline characteristics and outcome 
data to allow the reader to extrapolate findings 
to a patient group with different characteristics. 
Studies that presented adequate data on baseline 
participant characteristics, in which patients were 
representative of the patient group that would 
present in practice in the UK, were judged to be 
externally valid.

Data synthesis
Results were first broadly grouped according to the 
intervention (and comparator when applicable). 
Studies within each broad intervention group were 
then further subgrouped according to the specific 
intervention type, when necessary, and the study 
design.

Because of heterogeneity in the outcome measures 
assessed and the methods of measuring these 
between studies assessing the same type of 
intervention, it was not possible for studies to 
be further subgrouped by outcome measure. 
Results were therefore combined using a narrative 
synthesis82 with demographic data for each study 
and relevant quantitative results being tabulated.

Chapter 3  
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Differences between studies assessing the same 
intervention were explored narratively by 
examining differences in the interventions, study 
duration and quality.

Treatment costs

The costs of the surgical procedures and non-
surgical devices included initial treatment costs as 
well as the ongoing costs of care associated with the 
interventions. The costs of diagnostic tests (i.e. PSG 
or modified PSG to exclude a diagnosis of sleep 
apnoea) were not included in the treatment costs. 
These will depend on the staff levels in the centre 
where the sleep study is undertaken, the number 
and complexity of the studies performed and the 
cost of the equipment and premises. However, it 
should be noted that use of a MAS may not always 
be associated with patients requiring a sleep study 
(i.e. PSG or modified PSG) before use of the device, 
which is necessary before either surgery or use 
of CPAP is initiated, and this is likely to impact 
considerably on the overall treatment costs.

No studies were identified by the searches that had 
assessed any of the costs associated with providing 
the interventions of interest. Therefore, to fulfil the 
scope of the review, all costs were estimated based 
on data from the NHS reference costs (2006),84 
data from device manufacturers and clinical 
opinion. It was not possible to estimate a cost 
associated with RFA of either the soft palate or the 
tongue base as the costs of both the somnoplasty 
generator and electrodes were considered to be 
‘commercial in confidence’ by the manufacturers 
(Gyrus ENT) and were not available in the public 
domain through either NHS purchasing suppliers 
or the NHS Supply Chain.

To provide a limited analysis of the rough cost 
estimates for the other surgical procedures it was 
assumed that each procedure would entail an initial 
consultation with an ENT surgeon, the specific 
inpatient or day-case surgical procedure time 
and device costs (where relevant), and a follow-
up consultation. For UP3 it was assumed that the 
procedure would entail an inpatient stay of 1 day, 
as this is the most common length of stay, although 
patients who experience significant haemorrhage 
or pain may have a more protracted stay, increasing 
the costs associated with the procedure. For LAUP, 
as this is potentially a multistage procedure that 
can be conducted in one, two or three stages, it 
was assumed that each additional procedure was 
associated with one additional follow-up visit. 
For CPAP, as there are numerous machines and 

face masks currently available on the market, the 
mean costs of the machines and masks available 
were used to provide the acquisition cost and 
the cost of an annual replacement of the face 
mask. In accordance with advice from one of the 
manufacturers (ResMed) it was assumed that the 
CPAP machine has a device life of 7 years and that 
the face mask will be replaced on an annual basis. 
In terms of the use of MAS there are currently 
no published NHS costs of dental devices for the 
management of snoring and therefore the cost was 
estimated based on clinical opinion. It was assumed 
that the dentist provided a Thornton Adjustable 
Positioner (TAP), a device commonly used for 
the management of OSAS and snoring in the UK. 
Based on information provided in the Scottish 
Intercollegiate Guideline Network guideline on 
the management of obstructive sleep apnoea/
hypopnoea syndrome in adults2 it was assumed 
that the device lasts for 2 years and that the patient 
would have one annual check-up. Under the new 
NHS dental contract a course of treatment is 
classified into a treatment band. Provision of a MAS 
was classified as band 3, as such treatment requires 
laboratory work (www.ic.nhs.uk), and 12 units of 
dental activity (UDA) were applied as appropriate 
to the band.84 The national average reimbursement 
rate for a UDA is not known as this varies 
according to contract values negotiated locally by 
PCTs. Therefore, the value of a UDA was obtained 
from material published by Bath and North East 
Somerset Primary Care Trust (www.banes-pct.nhs.
uk/documents/Board_Papers/2007/May/Agenda%20
Item%2010%20Annex%201.pdf). This estimated 
the average reimbursement per UDA to be £20.91. 
Therefore, on the basis of provision of a MAS 
taking 12 UDA it was estimated that the cost of 
a MAS is approximately £250. The costs of both 
the CPAP machine and MAS were expressed as 
equivalent annual costs using the public sector 
discount rate of 3.5%.

Assessment of clinical effects

Because of the broad scope of the current review 
in terms of the number and different types of 
interventions, the review of clinical effects is 
presented as follows:

overview of the quantity and quality of •	
included studies
review of the evidence for:•	

UP3 versus LAUP –
UP3 alone –
LAUP alone –
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RFA techniques including RFA and bipolar  –
RFA of the soft palate and the tongue base
palatal stiffening techniques including  –
Pillar implants and injection snoreplasty
CPAP –
MAS –

for each group of interventions, text and •	
summary tables are presented on:

the quantity and quality of the studies –
the study characteristics (summary table) –
the study quality (summary table) –
the study results –
an overview of the clinical effects of the  –
intervention(s).

Quantity and quality of 
research available

A total of 1903 titles and abstracts were screened 
for inclusion in the review of clinical effects 
and treatment costs. Of the titles and abstracts 
screened, 233 were ordered as full papers and 
assessed in detail. Six papers were unobtainable at 
the time of the assessment. The process of study 
selection is shown in Figure 2.

A total of 27 studies reported in 30 publications 
met the inclusion criteria. The identified studies 
assessed a broad range of interventions but 
the evidence base was predominantly weighted 
(89%) towards studies that had evaluated surgical 
procedures,49,86–109 with only three studies on either 
MAS or CPAP.110–112 Of the studies on surgical 
procedures, these could broadly be grouped into 
assessments of UP3 versus LAUP (n = 2),86–88 UP3 
alone (n = 7),49,89–94 LAUP alone (n = 3),93,95,96 RFA 
of the soft palate or tongue base (n = 6 and n = 1 
respectively)103–109 and palatal stiffening techniques 
(Pillar implants and injection snoreplasty) (n = 4 
and n = 1 respectively).97–102 No studies were 
identified that had assessed surgery to improve 
coincidental nasal obstruction alone, uvulectomy 
alone, DAUP or tongue-based suspension 
procedures.

In terms of studies assessing non-surgical devices, 
only three studies were identified that met the 
inclusion criteria. Two of these had examined the 
use of a MAS,110,111,113 while one had assessed the 
effects of CPAP versus a no-intervention control.112

Although studies could broadly be grouped into 
intervention categories, for both UP3 and LAUP, 
closer inspection of the interventions evaluated 
within the studies designated to both of these 
categories revealed that there was often variability 

between the interventions assessed. This was partly 
because the procedures were sometimes performed 
in a modified manner91,94,95 or in conjunction 
with a second procedure.92,114 More frequently, 
however, it was because of a lack of clear reporting 
on the procedures conducted, which did not allow 
comparisons to easily be drawn,89,92 or the methods 
of study design and analysis.89,90,94 Three studies 
evaluating UP3 alone89,90,94 assessed two or more 
different procedures but pooled the post-treatment 
results across the intervention groups and reported 
the results as a one-group pre–post study. In all of 
these studies there were potential differences (the 
degree to which varied across the studies) between 
the other interventional procedures assessed 
[LAUP, cautery-assisted uvulopalatoplasty (CAUP) 
and uvulopalatal elevation palatoplasty (UEP)] and 
the broad category grouping to which the studies 
were assigned. The interventions within the UP3 
alone category were therefore more heterogeneous 
and the results liable to be more confounded than 
is readily apparent from the somewhat simplistic 
nomenclature adopted for study grouping. For all 
of the other intervention groups, although there 
were differences between the study interventions 
within some categories (e.g. RFA versus bipolar 
RFA), these were more clearly reported, and 
the results were reported by treatment group 
or as between-treatment group comparisons as 
appropriate. Table 1 provides a summary of the 
identified studies by intervention group and 
specific intervention evaluated, and Table 2 displays 
a summary of the interventions identified by the 
number of studies and design.

The identified evidence base, as well as covering 
a relatively broad number of interventions, also 
differed in terms of study design, sample sizes 
and duration of follow-up. As could be expected 
given the interventions examined, the studies were 
predominantly surgical case series that reported 
both pre- and post-treatment data. Across the 27 
studies, three RCTs were identified (11%), two 
CCTs (7.5%) and 22 (81.5%) pre–post studies. In 
total, 23 (85%) of the studies included only patients 
with a diagnosis of non-apnoeic snoring, whereas 
the remaining four included patients with OSAS 
as well as those with primary snoring but reported 
results separately for both patient groups.92,96,109–111 
Sample sizes across the studies were small, ranging 
from 9 to 231, with a median of 32. Similarly, 
the duration of follow-up was highly variable 
and ranged from 10 days to 5 years. Across the 
studies there was a tendency for objective outcome 
measures, such as PSG parameter results or 
objective measures of snoring sound intensity, to 



Assessment of clinical effects

16

FIGURE 2 Process of study selection.

be assessed for a shorter follow-up duration and 
subjective measures to be assessed at longer follow-
up times.

Where sufficient baseline prognostic factors were 
adequately reported, the patient population 
included in the studies was relatively homogeneous. 
All patients, in accordance with the inclusion 
criteria, had undergone either full PSG, modified 
PSG, oximetry or a sleep study (unspecified) to rule 
out a diagnosis of OSAS at baseline. The mean age 
of patients in the majority of studies was between 
40 and 50 years, although across the studies the 
range was from 19 to 83 years. All of the studies 
included a higher percentage of male than female 
patients, with the percentage of male participants 
ranging from 56% to 100%. Furthermore, nearly all 
studies recruited patients with a body mass index 
(BMI) classified in the range of ‘overweight’ but not 
‘obese’, although there was some variation in BMI 
across the studies, with a range from 18.3 kg/m2 to 
47.2 kg/m2 observed.

The included studies had mainly been conducted 
in an otolaryngology department (or equivalent) 
setting in a number of different countries. Of the 
identified studies, five had been conducted in 
North America (Canada or the USA),92,96,102,104,112 
seven in Scandinavia (Norway, Sweden or 
Finland),90,91,97,98,107,108,110,111 five in the UK,49,86–88,94,113 
and four in Europe (Germany, Netherlands and a 
European multicentre study).99,100,103,106,109

Of the remaining studies two were conducted in 
Thailand2,114 and one each in Turkey,89 Israel,95 
Hong Kong101 and Australia.105 The year of study 
publication ranged from 1994 to 2006.

Outcome measures
The outcome measures assessed in the studies 
reflected the fact that non-apnoeic snoring is 
part of a spectrum of SDB, differentiated from 
mild OSAS only by the number of apnoeic and 
hypopnoeic events per hour of sleep. Across the 
studies PSG or oximetry results were therefore 

SEARCH: Clinical effects and treatment costs

Titles and abstracts identified and screened
Clinical effect n = 1438

Foreign language studies n = 394
Treatment costs n = 71

Total n = 1903

Unavailable
n = 6

Full copies retrieved and inspected n = 233

Excluded n = 6
Including:

Treatment costs n = 71
Foreign language studies n = 394

Excluded n = 203
Abstract only  n = 5
Wrong intervention n = 12
Patients with OSAS n = 43
Mixed patient population with
results not reported separately n = 49
Patient group unclear (no AHI score
reported) n = 36
Review article n = 28
No objective outcome measure n = 9
Not relevant study design n = 21

Studies of clinical effects meeting the
inclusion criteria

n = 27 (n = 30 papers)
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TABLE 1 Summary of the included studies by intervention category and specific intervention assessed

Study ID Intervention group Specific intervention Study design n
Non-apnoeic 
snorers only

Osman 2000;86 200387 UP3 versus LAUP UP3 versus LAUP RCT 47 +

Prasad 200388 UP3 versus LAUP UP3 versus LAUP CCT 60 +
aOzmen 200689 UP3 UP3; LAUP; CAUP Pre–post 162 +
bJanson 199490 UP3 UP3; conservative UP3 Pre–post 231 +

Friberg 199591 UP3 UP3 Pre–post 56 +

Prichard 199549 UP3 UP3 Pre–post 32 +

Miljeteig 199492 UP3 UP3 Pre–post 38 –

Neruntarat 200393 UP3 Uvulopalatal flap Pre–post 60 +
cJones 200594 UP3 UP3; UEP Pre–post 54 +

Neruntarat 200393 LAUP LAUP with septoplasty Pre–post 35 +

Berger 200195 LAUP LAUP alone Pre–post 14 +

Lauretano 199796 LAUP LAUP alone Pre–post 32 –

Stuck 2005103 RFA Soft palate RFA; placebo RCT 26 +

Cartwright 2000104 RFA Soft palate RFA; MAS CCT 20 +

Hukins 2000105 RFA Soft palate RFA Pre–post 20 +

Boudewyns 2000106 RFA Soft palate RFA Pre–post 45 +

Haraldsson 2002107 RFA Soft palate RFA Pre–post 16 +

Back 2002108 RFA Soft palate RFA Pre–post 20 +

den Herder 2006109 RFA Tongue base RFA Pre–post 9 –

Skjostad 200697 Palatal stiffening Pillar implants RCT 20 +

Nordgard 200698 Palatal stiffening Pillar implants Pre–post 35 +

Maurer 2005;99 2005100 Palatal stiffening Pillar implants Pre–post 40 +

Ho 2004101 Palatal stiffening Pillar implants Pre–post 12 +

Brietzke 2001102 Palatal stiffening Injection snoreplasty Pre–post 27 +

Series 1994112 CPAP CPAP Pre–post 18 +

Smith 2004113 MAS MAS Pre–post 35 +

Fransson 2001;110 2003111 MAS MAS Pre–post 27 –

+, study included non-apnoeic snorers only; –, study included patients with non-apnoeic snoring and patients with 
obstructive sleep apnoea/hypopnoea syndrome; CAUP, cautery-assisted uvulopalatoplasty; CCT, controlled clinical 
trial; CPAP, continuous positive airway pressure; LAUP, laser-assisted uvulopalatoplasty; MAS, mandibular advancement 
splint; RCT, randomised controlled trial; RFA, radiofrequency ablation; UEP, uvulopalatal elevation palatoplasty; UP3, 
uvulopalatopharyngoplasty.
a UP3, LAUP and CAUP assessed; post-treatment data pooled across intervention groups and reported as a one-group 

pre–post study.
b Traditional UP3 and conservative UP3 assessed; no between-group comparisons reported.
c UP3 and UEP assessed; post-treatment data pooled across intervention groups and reported as a one-group pre–post 

study.

commonly reported. Additional outcomes reported 
were subjective and objective measures of snoring, 
EDS, patient or bed partner satisfaction with the 
procedure, changes in airway volume, T1 signal 
density changes on MRI and adverse events, with 
different methods of measurement and analysis 
being employed. The outcome measures could 

broadly be categorised as PSG parameter results; 
subjectively assessed snoring; daytime sleepiness; 
and objectively assessed snoring measures.

PSG parameter outcomes
These included measures of AHI (events/hour), 
apnoea index (AI; events/hour), duration of 
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TABLE 2 Summary of the interventions by number of studies and design

Intervention group

Study designa

Total number 
of studies 

Total n by 
interventionRCT CCT Pre–post study

UP3 versus LAUP 1 1 0 2 107

UP3 alone 0 0 7 7 633

LAUP alone 0 0 3 3 81

Palatal stiffening 1 0 4 5 134

RFA 1 1 5 7 156

MAS 0 0 2 2 62

CPAP 0 0 1 1 18

Total 3 2 22 27 1191

CCT, controlled clinical trial; CPAP, continuous positive airway pressure; LAUP, laser-assisted uvulopalatoplasty; 
MAS, mandibular advancement splint; RCT, randomised controlled trial; RFA, radiofrequency ablation; UP3, 
uvulopalatopharyngoplasty.
a Studies in which two or more interventions were assessed but no between-group comparisons were reported were 

classified as pre–post studies. 

obstructive respiratory pattern (minutes), oxygen 
saturation of arterial blood (SaO2) nadir, sleep 
efficiency (percentage of time asleep compared 
with time spent in bed) and total sleep time. The 
outcomes were reported as mean and standard 
deviation or median and range. The common 
method of analysis for these outcomes was to 
compare the pre- and postintervention values and 
report the associated p-value for the change.

Subjectively assessed snoring and 
daytime sleepiness outcomes
These outcomes included measures of snoring, 
sleep disturbance and daytime sleepiness.

Subjective measures of snoring were either patient 
or partner reported and included measures of 
improvement in snoring, snoring severity and 
the number of patients who reported snoring. 
Outcomes were assessed by means of either 
categorical rating scales or continuous visual 
analogue scale (VAS). Sleep disturbance was 
partner or family assessed and included ratings 
of the need to sleep in another room because of 
partner’s snoring, difficulties in falling asleep and 
sleep disturbance because of snoring. Measurement 
was either by the number of partners reporting 
the outcome or the number of episodes per week. 
EDS was generally assessed using the standard 
ESS score,115 which is an eight-item scale with four 
response options per item. Items are scored from 
0, ‘would never doze’, to 3, ‘high chance of dozing’, 

giving a total composite scale score between 0 and 
24. Other methods of assessing daytime sleepiness 
were by use of a categorical rating scale and by 
counting the number of patients who reported 
falling asleep in the daytime. The other subjectively 
assessed outcome measures were quality of life and 
patient/bed partner satisfaction with the procedure.

Objective measures of snoring sound
The objectively assessed measures of snoring, 
by use of either snoring recordings or acoustic 
analysis of the snoring sound, included mean 
snoring volume (dB), snoring index (SI) (number 
of spikes in sound intensity exceeding 50 dB per 
hour of sleep), percentage of sleep time spent in 
loud snoring, maximal sound intensity (dB) and 
the snore energy ratio (Hz). Results were usually 
presented as the mean and standard deviation or 
the median and range. Pre- and postintervention 
results were compared, with the associated p-value 
for the difference reported.

Five studies also assessed other objectively 
measured outcomes. Neruntarat93,114 and Hukins 
and colleagues105 assessed changes in the soft palate 
length and width after treatment by means of 
measurements taken from a pre- and postoperative 
lateral cephalogram. Ozmen and colleagues89 
examined changes in QTc by means of a pre- and 
postoperative standard ECG, whereas Back and 
colleagues108 assessed changes in T1 signal density 
of the soft palate using MRI. Postoperative changes 
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in voice quality were examined by Haraldsson 
and colleagues107 using a nasal–oral ratio meter 
(NORAM).

Adverse events
The postoperative adverse events commonly 
assessed were pain, speech, swallowing difficulties 
and pharyngeal irritation. These were measured by 
means of either a continuous VAS or a categorical 
rating scale. The four studies97–101 that assessed 
the effects of palatal implants also reported 
the number of extrusions as a postoperative 
complication.

Study quality
The included studies were predominantly small 
and of low quality. An indication of study quality 
according to quality indicators, grouped by study 
design, is given in Figures 3–5. A further assessment 
of study quality is provided in each specific section 
of the report according to intervention group.

Excluded studies
Foreign language studies
A total of 394 foreign language studies were 
screened for inclusion as part of the review process. 
On the basis of title and abstract alone, none of 
them clearly met the inclusion criteria. However, 
24 of these studies were marked as ‘unclear’ in 
that the full paper copy would merit retrieval for 
further assessment in any future review that does 
not exclude studies on the basis of the language 
of publication. The bibliographic details of these 
studies are provided in Appendix 4.

A total of 94 studies ‘narrowly’ missed the inclusion 
criteria. For the majority of these the reason 
for exclusion was that a ‘mixed’ population of 
patients with OSAS and patients with a diagnosis 
of non-apnoeic snoring had been assessed but 
the results had not been reported separately by 
patient subgroup. There were two other reasons for 
study exclusion. The first was because the patient 
group was unclear, as either PSG or oximetry 
had not been conducted at baseline to rule out 
OSAS or the results were reported as being less 
than one of the standard AHI cut-off scores that 
define non-apnoeic snoring or mild, moderate 
or severe OSAS (AHI ≤ 5; 5–15; 15–30 and > 30 
respectively)1 but specific baseline AHI scores were 
not reported. In the case of papers in which it 
appeared that the population studied was made 
up of non-apnoeic snorers, authors were contacted 

for specific baseline AHI information or asked 
to confirm whether the AHI score for their study 
population was ≤ 5. At the time that data extraction 
was completed for this review, responses were still 
outstanding from five authors regarding their study 
populations: Johnston and colleagues,116 Gnuechtel 
and colleagues,117 Truy and colleagues,118 Mukai 
and colleagues119 and Clarke and colleagues.120 The 
last reason for study exclusion in the case of pre–
post studies was that no objective outcome measure 
had been reported. The bibliographic details of the 
94 excluded studies with the reasons for exclusion 
are provided in Appendix 2.

Of relevance to the treatment of non-apnoeic 
snoring within a UK context, two RCTs121,122 were 
identified that had been conducted within the 
UK. Both of the trials were excluded from the 
review as neither, in line with current UK practice, 
had undertaken PSG or oximetry at baseline if 
patients presented with an ESS score of less than 
10. Obstructive sleep apnoea had been ruled out 
in patients in both studies on the basis of the ESS 
score and clinical examination. The first of these 
trials, conducted by Belloso and colleagues,121 
assessed differences in postoperative pain with 
LAUP compared with coblation uvulopalatoplasty 
in conjunction with tonsillectomy (CP). The 
impact of surgical technique in the reduction of 
subjectively assessed snoring loudness was also 
assessed at 1 year in the 30 patients completing 
treatment. Results indicated that there was a 
significant reduction in snoring loudness in both 
groups but no between-group differences were 
observed. However, significant reductions in 
postoperative pain were observed in the CP group 
after day 8 and were maintained until after day 15.

The second trial by Uppal and colleagues122 
compared LAUP with punctate palatal diathermy 
in 83 patients. At a mean follow-up time of 
greater than 18 months there were no statistically 
significant differences between the treatment 
groups in measures of patient perception of 
benefit from surgery or subjective evaluations 
of snoring improvement. In the postoperative 
period, however, there were significant differences 
in the degree of pain in favour of treatment 
with punctuate palatal diathermy (mean 
difference = 22.14; 95% CI 7.98–36.31). The 
relative risk observed for treatment complications 
for LAUP relative to punctuate palatal diathermy 
was 1.42 (95% CI 0.93–2.17).
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FIGURE 3 Summary of study quality indicators for the three randomised controlled trials (RCTs).

FIGURE 4 Summary of study quality indicators for the two controlled clinical trials (CCTs).
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FIGURE 5 Summary of study quality indicators for the 22 pre–post studies.

Uvulopalatopharyngoplasty 
versus laser-assisted 
uvulopalatoplasty
Quantity and quality 
of the studies
Two parallel group studies comparing UP3 with 
LAUP reported in three publications86–88 were 
included. The study by Osman and colleagues86,87 
was a RCT. Participants were studied at both short-
term and long-term follow-up times with results 
from the two time points reported separately in two 
papers published in 200086 and 200387 respectively. 
The other study by Prasad and colleagues88 was a 
non-randomised CCT. Across the two studies there 
were a total of 107 non-apnoeic snoring patients, of 
whom 45 underwent UP3 and 62 underwent LAUP. 
Table 3 summarises the characteristics of the two 
studies.

The baseline test to rule out OSAS in the Osman 
study86,87 was an overnight sleep study using a 
DENSA Compact Sleep Apnoea Screening System; 
in the Prasad study88 it appeared to be oximetry. 
Participant baseline demographics in both of the 
studies were not reported separately for the UP3 
and LAUP groups except for age in the Prasad 
study. The mean age of the participants ranged 
from 49.40 to 51.96 years. The proportion of men 
was 87% and 76% in the two studies respectively. 
In the Osman study nearly half of the patients 
were smokers (48.9%), whereas the Prasad study 
did not report smoking status. Neither of the 
studies reported baseline ESS scores or alcohol 
consumption levels.

In the LAUP procedure in the Osman study86,87 two 
linear scars were created in the oral surface of the 
soft palate from the junction of the hard and soft 
palate to the uvula, followed by laser uvulectomy, 
whereas in the Prasad study88 the procedure 
consisted of approximating the soft palate against 
the velopharyngeal isthmus and excising any 
redundant portion along the uvula. The number of 
LAUP procedures per patient was not reported in 
either study. In the UP3 procedure in the Osman 
study86,87 1 cm of the soft palate was removed with 
the uvula, as well as the tonsils if present; the 
posterior pillar was then sutured to the anterior 
pillar followed by mucosa-to-mucosa closure of the 
palate using sutures. In the Prasad study88 the UP3 
procedure consisted of excising the uvula and a rim 
of soft palate and removing both palatine tonsils 
and suturing of the mucosa. Follow-up duration 
in the two studies ranged from 2 months to 56 
months (or > 4 years).

Outcomes
PSG parameter outcomes were not measured in 
either study. The objectively assessed outcomes 
were the number of patients with a SI change, SI 
and snoring loudness. They were measured only 
in the Osman study86,87 based on a subgroup of 
38 patients. The subjectively assessed snoring 
outcomes reported were patient-reported 
improvement of snoring,86,87 partner-assessed 
snoring severity,88 difficulties falling asleep because 
of partner’s snoring,88 sleep disturbance because 
of partner’s snoring,88 need to sleep in a separate 
room because of partner’s snoring88 and quality of 
marital life.88 Adverse events were reported only by 
Osman and colleagues.86,87
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In both the RCT and CCT, however, most of 
the outcomes reported were analysed pre- and 
postoperatively and few outcomes were analysed 
for between-group differences.

Study quality
Table 4 presents a summary of the key quality 
indicators for the two studies. Both of the studies 
were of poor quality with a lack of reporting of 
methods, in particular the CCT. The sample 
sizes were small and no power calculations were 
performed. Baseline details presented were not 
adequate and the data were not reported separately 
for the two comparison groups. Therefore, it 
cannot be judged how well the comparison groups 
were balanced in the RCT or how well the groups 
were matched in the CCT. The lack of blinding in 
the outcome assessment may introduce bias to the 
results in both studies. In the Prasad and colleagues 

study88 the response rate to the survey was 66% and 
no sensitivity analysis was conducted to assess the 
effect of response bias and how this could effect 
the results. In this study it is also unclear how 
the authors grouped the results for each of the 
treatment groups to perform the between-group 
comparisons.

Results

Neither of these two studies measured PSG 
parameter outcomes.

Only the study by Osman and colleagues86,87 
reported objective outcomes. The results are 
presented in Tables 5 and 6. The number of 
patients with a change in the SI was analysed based 
on a subgroup of 38 patients at short-term follow-
up (mean 3.4 months, range 2–11 months after the 

TABLE 4 Summary of study quality indicators for studies assessing uvulopalatopharyngoplasty (UP3) versus laser-assisted 
uvulopalatoplasty (LAUP)

Quality criteria Osman 2000;86 200387 Prasad 200388

Study design RCT CCT

Eligibility criteria specified? + –

Power calculation performed? – –

Sample size adequate? ? ?

Number randomised stated? + NA

Adequate methods of randomisation? + NA

Treatment allocation concealed? – NA

Adequate baseline details presented? P –

Groups similar at baseline? ? ?

Baseline imbalances adjusted for in analysis? – –

Similar co-interventions administered? ? ?

Patients blinded to treatment allocation? – –

Outcome assessors blinded to treatment? – –

Compliance with treatment adequate? + ?

Subgroup analysis justified? + NA

Data collection tools valid? P –

Data collection tools reliable? P –

All participants accounted for? + –

Data analyses appropriate? + P

Analysis conducted on ITT basis? + –

Greater than 80% of patients followed up? + –

Generalisability Applicable for the same population Unclear 

Intercentre variability NA NA

?, unclear; +, yes; –, no; NA, not applicable; P, partial; CCT, controlled clinical trial; ITT, intention to treat; RCT, randomised 
controlled trial.
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TABLE 5 Patients with snoring index (SI) changed at short-term follow-up (mean 3.4 months, range 2–11 months)86,87

UP3a LAUPb Differences between groups

Number of non-apnoeic snorers (in analysis) 16 22 NA

Percentage of patients who had a higher postoperative SI 12.5% 22.73%c Not significant at the 5% level

Percentage of patients who had a lower postoperative SI 87.5% 77.27% Not significant at the 5% level

LAUP, laser-assisted uvulopalatoplasty; NA, not applicable; UP3, uvulopalatopharyngoplasty.
a In UP3 group reduction in SI significant at p < 0.01.
b In LAUP group reduction in SI significant at p < 0.02.
c Only one of these patients who had a higher postoperative SI reported continuance of his snoring problem.

TABLE 6 Snoring index (SI) of the pooled 23 subjects in the long-term follow-up study86,87

SI (median value of snores/hour)

Preoperative 135.6

Short-term follow-up (mean 3.4 months, range 2–11 months) 38.2

Long-term follow-up (median 45 months, range 29–56 months) 21.7; significantly less than preoperative level, p < 0.01

Long term vs short term –0.9; p > 0.05

Change in SI from baseline at long-term follow-up

LAUP group (n = 12) The reduction was significant, p < 0.01

UP3 group (n = 11) The reduction was significant, p < 0.05

LAUP vs UP3 Not significant, p > 0.05

LAUP, laser-assisted uvulopalatoplasty; UP3, uvulopalatopharyngoplasty.

surgery),86 and the results are reported separately 
for the UP3 and LAUP groups. SI was reported 
in the long-term follow-up study87 based on a 
subgroup of 23 patients pooled from both UP3 and 
LAUP groups at short-term and long-term follow-
up (median 45 months, range 29–56 months after 
the surgery) respectively. Snoring was defined as 
a spike in breathing sound intensity starting from 
baseline and returning back to baseline whose 
amplitude was greater than 50 dB SPL.

In the short-term follow-up study,86 after the 
surgical procedure there was no significant 
difference found between the two groups in terms 
of the proportion of patients who had either a 
higher postoperative SI or a lower postoperative SI. 
The authors stated that the reduction in SI in both 
the UP3 and LAUP groups was significant. Also, 
the pooled mean SI for both groups combined 
reduced from 154 snores/hour at baseline to 
75.84 snores/hour postoperatively (p < 0.0001). 
In the long-term follow-up study,87 SI measured 
in 23 patients dropped from 135.6 snores/hour at 

baseline to 38.2 snores/hour at short-term follow-
up and 21.7 snores/hour at long-term follow-up. 
The authors stated that from baseline to long-term 
follow-up the reduction in SI in both the individual 
UP3 group (measured in 11 patients) and the 
individual LAUP group (measured in 12 patients) 
was statistically significant, but no significant 
differences were found between the UP3 and LAUP 
groups.

The authors of this study also indicated that, 
at short-term follow-up, reduction in pre-
and postoperative median snore loudness was 
significant at the 0.1% level in UP3 patients and 
at the 10% level but not the 5% level in LAUP 
patients; UP3 was better than LAUP at reducing 
the median snore loudness (p < 0.05). At long-term 
follow-up the reduction in median snore loudness 
in pooled data from 38 patients was significant 
at the 1% level; however, the mean reduction was 
modest, being 191 ± 108 mV (or 3.8 dB, SD 2.2 dB) 
for 95% confidence limits. At long-term follow-up 
there was no significant difference between the 
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TABLE 7 Adverse events for uvulopalatopharyngoplasty (UP3) versus laser-assisted uvulopalatoplasty (LAUP)86,87

UP3 LAUP p-value

Number of non-apnoeic snorers analysed 18 29 NA

Postoperative pain score in the first 24 hours after surgerya 1.7 1.3 < 0.05

Patients with complications (%) 5.6b 0 NR

Patients with secondary bleeding (%) 16.67 0 NR

Patients with temporary velopalatal insufficiency (%) 16.67 0 NR

Patients with severe infection (%) 5.56 0 NR

Patients with long-term postoperative complications (%)c 41.7 50 NR

Patients with occasional choking (%)c 16.7 16.7 NR

Patients with dry throat(%)c 25 0 NR

Patients with mild sore throat(%)c 8 25 NR

Patients with food sticking in the throat(%)c 8 8 NR

Patients with unscheduled need for repeat procedure(%)c 8.33 16.67 NR

NA, not applicable; NR, not reported.
a Linear analogue scale: 0 = no pain, 4 = worst pain.
b This patient was admitted to the intensive care unit for 24 hours following surgery because of an intraoperative 

anaesthetic problem.
c At long-term follow-up (median 45 months; range 29–56 months) based on UP3 (n = 11) and LAUP (n = 12).

UP3 and LAUP groups in the reduction in snoring 
loudness.

In the Osman study86,87 the number of patients 
reporting an improvement in their snoring at 
short-term follow-up was the only subjective result 
reported. It was assessed by a questionnaire with 
the following response options: absent, a lot better, 
slightly better, unchanged or worse. At short-term 
follow-up after the surgery 89% of the patients 
in the UP3 group and 83% in the LAUP group 
reported an improvement; at long-term follow-
up the improvement declined to 83% and 76% 
respectively, as two patients in the UP3 group and 
one in the LAUP group were rereferred by their GP 
for late recurrence of snoring. The significance of 
the improvement and the differences between the 
two groups were not reported.

Adverse events were only reported by Osman and 
colleagues.86,87 The results are shown in Table 7. 
Postoperative pain scores were assessed using a 
linear analogue scale with 0 indicating no pain 
and 4 indicating worst pain. In the first 24 hours 
following the LAUP treatment patients had 
significantly less pain (mean pain score 1.3) than 
following UP3 (mean pain score 1.7). One patient 
who underwent UP3 had severe postoperative 
infection. One patient in the UP3 group and two in 
the LAUP group at long-term follow-up needed an 
unscheduled repeat procedure. All other adverse 

events were minor and the differences between the 
two treatment groups were not statistically tested.

In the Prasad study88 subjective snoring results were 
all partner assessed (see Table 8). None of these 
subjectively assessed outcomes was measured in the 
same way as in the Osman study.

Improvement in snoring was measured as the 
percentage of patients with snoring ‘abolished’, ‘a 
lot better’, ‘slightly better’, ‘unchanged’ or ‘worse’. 
The authors stated that residual snoring was 
significantly more frequent following LAUP than 
following UP3, with snoring being abolished in 
19% and 15% of the UP3 group and LAUP group 
respectively. Partners considered snoring as being a 
lot better in 58% of the UP3 group and 28% of the 
LAUP group, as being slightly better in 11% of the 
UP3 group and 24% of the LAUP group, and as 
unchanged in 4% after UP3 and 21% after LAUP.

Difficulties falling asleep because of partner’s 
snoring was assessed with the following response 
options: ‘no’, ‘occasionally’, ‘sometimes’, ‘most 
often’ and ‘always’. The authors stated that after 
UP3 partners were significantly less likely to have 
trouble falling asleep, with 33% of the partners in 
the UP3 group and 24% in the LAUP group never 
having difficulties falling asleep. Occasionally 
having difficulties falling asleep was reported by 
40% of the partners in the UP3 group and 22% 
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TABLE 8 Subjectively assessed outcomes for uvulopalatopharyngoplasty (UP3) versus laser-assisted uvulopalatoplasty (LAUP)

Comparison 

Osman 2000;86 200387 aPrasad 200388

UP3 LAUP UP3 LAUP

Number of non-apnoeic snorers analysed 18 29 27 33

Patients reporting an improvement in their snoring

 Short-term follow-up 89% 83%

 Long-term follow-up 83% 76%

Partners reporting snoringb

 Abolished 19% 15%

 A lot better 58% 28%

 Slightly better 11% 24%

 Unchanged 4% 21%

 Worse 4% 6%

 Not recorded 4% 6%

Partners reporting difficulties falling asleep because of patient’s snoringc

 Always 4% 16%

 Most often 0% 19%

 Sometimes 19% 16%

 Occasionally 40% 22%

 Never 33% 24%

 Not recorded 4% 3%

Partners reporting sleep disturbance because of patient’s snoringd

 No disturbed sleep 59.26% 39.40%

 Reduced 37.04% 33.33%

 Unchanged 3.70% 24.24%

 Increased 0% 3.03%

Partners reporting need to sleep in a separate room because of partner’s snoring

 No longer need to sleep in a separate room 81.48% 65.63%

 Need reduced 11.11% 15.63%

 No change 7.41% 15.63%

 Need increased 0% 3.11%

Partners reporting quality of marital lifee

 Improved 40.74% 30.3%

 Unchanged 33.33% 57.58%

 Undecided 25.93% 12.12%

a Outcomes in the Prasad study were all partner assessed.
b Numbers in the text and those presented in the pie charts in the paper are not consistent because of rounding. 

Percentages in the results are taken from the pie charts. Residual snoring was more frequent following LAUP than 
following UP3 (Mann–Whitney U = 244; p = 0.012).

c Numbers in the text and presented in the pie charts in the paper are not consistent because of rounding. Percentages in 
the results are taken from the pie charts. After UP3 partners were significantly less likely to have trouble falling asleep 
(Mann–Whitney U = 255; p = 0.041).

d Authors state that there was a very significant reduction in the disturbance of sleep and the need to wake up after both 
types of surgery (McNemar test, χ2 =25.037; p < 0.001); however, there was a trend for LAUP to be less efficacious than 
UP3 in this regard (χ2 = 3.437; df = 1; p = 0.064).

e Authors state that after UP3 significantly more partners reported an improvement in quality of marital life (χ2 = 4.38; 
df = 1; p = 0.036) and quality of life (χ2 = 5.032; df = 1; p = 0.025).
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in the LAUP group, ‘always’ was reported by 4% 
of the UP3 group and 16% of the LAUP group, 
and ‘most often’ was reported by none of the UP3 
group and 19% of the LAUP group.

Sleep disturbance because of partner’s snoring 
was assessed with response options of ‘no 
longer disturbed’, ‘reduced frequency’, ‘remains 
unchanged’ or ‘increased’. Disturbance of sleep 
and the need to wake up were reduced very 
significantly after both UP3 and LAUP, with 
59.3% of partners in the UP3 group and 39.4% of 
partners in the LAUP reporting no disturbed sleep, 
and 37.0% in the UP3 group and 33.4% in the 
LAUP group reporting reduced sleep disturbance. 
The differences between the two groups were 
not statistically significant; however, there was a 
trend for LAUP to be less efficacious than UP3 
(p = 0.064).

The need to sleep in a separate room because 
of partner’s snoring was assessed with response 
options of ‘no longer need to sleep in a separate 
room’, ‘frequency reduced’, ‘remains unchanged’ 
or ‘increased’. After surgery, 81.5% of the partners 
in the UP3 group and 65.6% of the partners in 
the LAUP group no longer needed to sleep in a 
separate room; 11.1% of the partners in the UP3 
group and 15.6% of the partners in the LAUP 
group had the need reduced. The statistical 
significance for either the difference between the 
UP3 and LAUP groups or the change pre- and 
postoperatively was not reported.

Quality of marital life was also assessed but the 
response options were not reported. In total, 40.7% 
of the patients in the UP3 group and 30.3% in the 
LAUP group recorded an improvement in quality 
of marital life, whereas in 33.3% of the UP3 group 
and 57.6% of the LAUP group quality of marital 
life remained unchanged; 26.0% of the UP3 group 
and 12.1% of the LAUP group were undecided. 
Both groups also showed an improvement in 
quality of life but the results were not reported. The 
authors indicated that significantly more partners 
in the UP3 group reported an improvement in 
both quality of marital life and quality of life.

Summary of the results
Evidence on the clinical effects of UP3 versus 
LAUP was limited. The two identified studies86–88 
were of poor quality and few between-group 
comparisons were made. Heterogeneity between 
the two studies precluded pooling of the evidence. 
Table 9 summarises the main results of the two 
studies.

One RCT86,87 assessing the SI found that it was 
significantly reduced in both the UP3 and the 
LAUP groups (n = 18 and n = 29 respectively) 
at short-term follow-up after surgery (mean 3.4 
months, range 2–11 months) but there was no 
significant difference between the two groups in 
the number of patients who had either a lower SI 
or a higher SI after the surgery. The UP3 (n = 11) 
and LAUP (n = 12) SI of 23 patients pooled from 
the two groups dropped from 135.6 snores/hour at 
baseline to 38.2 snores/hour at short-term follow-
up and 21.7 snores/hour at long-term follow-up 
(median 45 months, range 29–56 months). The 
reduction from baseline to long-term follow-up was 
statistically significant. SI decreased from baseline 
to long-term follow-up in both the UP3 and LAUP 
groups; however, the reduction was not significantly 
different between the two groups.

In the RCT at short-term follow-up UP3 seemed 
significantly better than LAUP at reducing median 
snoring loudness; however, at long-term follow-up 
there was no significant difference between the two 
treatment groups.

In the CCT88 there was significantly more 
improvement following UP3 (n = 27) than following 
LAUP (n = 33) in subjectively measured snoring, 
difficulties falling asleep because of patient’s 
snoring, quality of marital life and quality of life. 
Also, UP3 tended to be more efficacious than 
LAUP in terms of the need to sleep in a separate 
room because of partner’s snoring, and sleep 
disturbance. However, patients in the LAUP group 
had significantly less pain than those in the UP3 
group in the first 24 hours postoperatively.

Conclusions

Based on very limited evidence from two small 
poor-quality studies UP3 appears to be more 
efficacious than LAUP in improving some 
subjectively measured snoring outcomes and 
snoring-related problems. However, this effect 
was not consistently observed across all subjective 
outcome measures. Both UP3 and LAUP seemed to 
reduce the SI and snoring loudness; however, the 
effects did not differ between the two operations.

Uvulopalatopharyngoplasty 
alone
Quantity and quality 
of the studies
Seven pre–post studies49,89–94 that evaluated the 
effects of UP3 alone for non-apnoeic snoring met 
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TABLE 9 Summary of the results for studies comparing uvulopalatopharyngoplasty (UP3) and laser-assisted uvulopalatoplasty (LAUP)

Osman 2000;86 200387 Prasad 200388

Study design RCT CCT

Comparison UP3 LAUP UP3 LAUP

Number of non-apnoeic snorers 18 29 27 33

Objective outcomes

Reduction in SI:

 Pre- and post-treatment + +

 Between groups –
Reduction in median snore loudness:

 Pre and post-treatment + –
 Between groups: short-term follow-up +; favoured UP3

 Between groups: long-term follow-up –

Subjective outcomes

Patients reporting improvement in snoring 89%a; 83%b 83%a; 76%b

Partners reporting improvement in snoring +; favoured UP3

Partners reporting having trouble falling asleep +; favoured UP3

Partners reporting always having difficulties falling asleep 4% 16%

Partners reporting most often having difficult falling asleep 0% 19%

Partners reporting no disturbed sleep 59.26% 39.40%

Partners reporting reduced sleep disturbance 37.04% 33.33%

Partners reporting sleep disturbance unchanged 3.7% 24.24%

Partners no longer need to sleep in a separate room 81.48% 65.63%

Reduction in sleep disturbance:

 Pre- and post-treatment + +

 Between groups –
Partner-reported improvement in quality of marital life +; favoured UP3

Partner-reported improvement in quality of life +; favoured UP3

Adverse events

4-point VAS in the first 24 hours after surgery +; favoured LAUP

+, significant improvement; –, no significant difference; CCT, controlled clinical trial; SI, snoring index; RCT, randomised 
controlled trial; VAS, visual analogue scale.
a Short-term follow-up.
b Long-term follow-up.

our inclusion criteria. One91 included both non-
apnoeic snorers and patients with a diagnosis of 
OSAS but some outcomes were reported separately 
for non-apnoeic snorers. Study characteristics are 
summarised in Table 10.

Five of the studies assessed UP3 alone.49,89,91–93 
In the other two studies, Jones and colleagues94 
randomised patients into two parallel groups, 

one which underwent traditional palatoplasty 
with uvulectomy (TP) and the other which 
underwent UEP, and Janson and colleagues90 
randomised patients to either UP3 or conservative 
treatment. However, in both of these studies 
pre- and post-treatment data were pooled across 
the two intervention groups and reported as the 
difference in pre- and post-treatment means. No 
between-group comparisons were conducted. 
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Both studies were therefore classified as pre–post 
studies. The parallel group study by Janson and 
colleagues90 included a total of 231 patients, of 
whom 155 underwent UP3. The study by Ozmen 
and colleagues89 included 162 patients. All of 
the remaining studies were quite small, having 
less than 60 patients each. Across the studies a 
total of 538 patients underwent UP3. Patient 
baseline characteristics in the seven studies were 
not reported in detail. At baseline in five of the 
studies49,89,92–94 patients had a PSG and in the 
remaining two studies90,91 patients underwent 
oximetry to rule out OSAS. In the four studies 
that reported baseline examinations to assess 
the site of airway narrowing the tests included 
clinical examination alone,90 examination by an 
otolaryngologist including examination of the 
nasopharynx, oropharynx and laryngopharynx,92 
thorough physical and otolaryngological 
examinations with the use of flexible 
nasopharyngoscopy with Muller’s manoeuvre and 
a lateral cephalogram,93 and otolaryngological 
examinations with additional paranasal sinus 
CT if needed.89 The other three studies did not 
report baseline tests of upper airway narrowing. 
In the study by Miljeteig and colleagues92 that 
contained non-apnoeic snorers and OSAS patients, 
the baseline characteristics in terms of age, BMI, 
ESS, gender composition and smoking status were 
not reported by subgroup. In the remaining six 
studies that assessed non-apnoeic snorers only, of 
the patients who underwent UP3 treatment, mean 
age at baseline ranged from 35.2 to 48.3 years, 
except in the study by Friberg and colleagues91 in 
which it was reported as a median of 26.1 years 
(range 18.3–35.4 years). The majority of patients 
in these six studies were male, with the percentage 
ranging from 56% to 100%. BMI in these six 
studies ranged from 25.2 kg/m2 to 35.4 kg/m2. Only 
two studies reported baseline ESS scores,94,123 and 
smoking status was reported in only one study. 
Follow-up duration of the participants in the 
studies varied markedly from 1 to 83 months. The 
mean follow-up duration in the study by Miljeteig 
and colleagues92 was 45 months (SD 20 months), 
but only sleep data were recorded separately for 
the non-apnoeic snorers, these outcomes being 
measured at 13 months after surgery.

Treatment protocols
In all seven studies UP3 was performed according 
to the method described by Fujita,62 but the 
technique differed slightly between the studies 
and even within the same study, depending on 
the patient’s anatomy. In the study by Friberg 
and colleagues91 the technique was modified 

slightly to ensure velopharyngeal sphincter 
function postoperatively. In the study by Janson 
and colleagues90 three different UP3 techniques 
were used. In patients who had large tonsils and/
or tonsils situated high up in a narrow angle to 
the uvula the classic UP3 technique including 
tonsillectomy was used (n = 55). Patients with a 
prolonged clumsy uvula but small tonsils and 
normal posterior pillars were treated with the CO2 
laser technique (n = 31). In those with small tonsils, 
a prolonged uvula and/or pronounced posterior 
pillars the classical UP3 technique was used but 
without tonsillectomy (n = 70). In the study by 
Jones and colleagues94 patients received either TP 
or UEP. TP consisted of transoral excision using 
a CO2 laser of a central strip of the soft palate 
mucosa extending from the junction of the hard 
and soft palate to the soft palate free edge, with 
uvulectomy, whereas UEP involved removal of a 
central strip of soft palate mucosa as previously 
described, combined with suturing the oral surface 
of the uvula onto the oral surface of the soft palate. 
We consider these techniques as modified UP3 
and therefore describe and synthesise this study 
together with the other UP3 studies. In the study 
by Miljeteig and colleagues92 some participants 
underwent additional or concurrent nasal surgery 
(e.g. turbinoplasty, septoplasty) for the purpose 
of improving upper airway patency. Neruntarat93 
used the reversible uvulopalatal flap technique, 
introduced by Powell.124 In this study the mucosa, 
submucosa with gland, and fat on the lingual 
surface of the uvula and soft palate were removed 
by cold knife dissection. The uvular tip was then 
amputated and the remaining uvula reflected back 
towards the soft palate and fixed with multiple 
sutures. Ozmen and colleagues89 assessed three 
different UP3 techniques, general UP3, LAUP 
and CAUP, in a total of 162 non-apnoeic snoring 
patients. Details of the techniques and the number 
of patients undergoing each procedure were not 
reported. In the study by Prichard and colleagues49 
UP3 was performed with slight modification 
to ensure that the initial vertically orientated 
posterior pharyngeal folds were tightened to 
produce slight horizontal ridges.

Outcomes
Across the studies, PSG parameters,49,91,93 objective 
measures of snoring sound,49,92–94 patient- or 
partner-reported snoring levels,49,89,90,93,94 
ESS90,93 and adverse events89–91,93 were reported. 
Additional outcomes assessed included changes 
in cephalometric parameters,93 corrected QT 
intervals89 and surgical procedure success.89
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TABLE 10 Summary of study characteristics for studies assessing uvulopalatopharyngoplasty (UP3) alonea

Study ID n Participants Follow-up duration 

Outcomes

PSG parameters Subjective Objective

Friberg 
199591

56 Baseline tests: oximetry

Participant demographics: age: median 46 (26–74); male: n = 56 
(100%); BMI: median 26.1 (18.3–35.4); AHI: NR; ODI: median 0 
(0–6); ESS: NR; smokers: NR

Median: 63 (37–83) 
months 

ODI; nadir SaO2 (%) Number of patients reporting excessive daytime 
sleepiness; number of patients reporting snoring; 
postoperative oesopharyngeal reflux; minor throat 
disturbances; change in voice quality

Duration of the obstructive respiratory 
pattern (percentage of total sleep time)

Janson 
199490b;f

231: UP3 = 155c; 
conservative = 76

Baseline tests: oximetry; PSG in 16 patients; clinical examination

Participant demographics: age: UP3 45 (24–74), conservative 49 
(18–79); male: UP3 n = 136 (87.7%), conservative n = 47 (62%); 
BMI: both groups: 25 ± 3; AHI: NR; ODI: < 5; ESS: NR; smokers: 
NR

3 months: n = 105; 12 
months: n = 50; 3 and 
12 months: n = 54; 2 
years: n = 49; 5 years: 
n = 9 

NR Difficulty inducing sleep; difficulty maintaining sleep; 
excessive daytime sleepiness; excessive daytime 
tiredness; snoring occasional or moderate; snoring severe 
or frequent; morning headache; awakening because of 
trouble breathing; involuntarily falling asleep; falling asleep 
when relaxing; tendency to take a nap in the daytime; 
difficulty staying awake when driving

NR

Jones 200594 35: UEP = 19; 
TP = 16d

Baseline test: PSG

Participant demographics: age: UEP 47 (33–60), TP 46 (24–65); 
male: UEP n = 17/19 (89%), TP n = 13/16 (81%); BMI: UEP 
31.4 (24.9–47.2), TP 29.6 (24.3–36.0); AHI (median): UEP 2.7 
(0–12.8), TP 3.8 (1.0–10.9); ESS (median): UEP 7 (0–15), TP 9 
(2–17); smokers: NR

2–9 months for 
acoustic analysis: 
n = 35; 21 (11–26) 
months for 
questionnaire: n = 34 

NR Postoperative improvement in snoring symptoms 
(assessed by patients)

Snore periodicity (%); snore energy 
ratio 0–200 Hz; snore energy ratio 
0–250 Hz; snore energy ratio 0–400 Hz

Neruntarat 
200593

60 Baseline tests: PSG; oximetry; nasopharyngoscopy and lateral 
cephalogram

Participant demographics: age: 48.3 ± 10.2 (28–50); male: n = 50 
(89.3%); BMI: 26.5 ± 2.4 (25.2–28.2); AHI: 3.2 ± 1.2; ESS: 
8.1 ± 3.5; smokers: NR

14.2 ± 3.2 (12–20) 
months

AHI; lowest SaO2 (%); 
mean SaO2 (%); sleep 
efficiency (%); snoring 
index; time spent in loud 
snoring (%)

Severity of snoring; ESS; postoperative pain VAS; 
swallowing problem VAS; speech problem VAS

Cephalometric parameters

Ozmen 
200689

162e Baseline tests: PSG; otolaryngological examinations with 
additional paranasal sinus CT if needed

Participant demographics: age: 35.2 ± 14.1 (21–51); male: n = 114 
(70%); BMI: 28.1 ± 1.2; AHI: < 5; ESS: NR; smokers: n = 135 
(83%) (mean one box of cigarettes/day)

1 month NR Snoring score (partner assessed); surgical procedure 
success

Based on n = 153: QTc min; QTc 
max; QTc dispersion (milliseconds); 
postoperative adverse events

Prichard 
199549

32 Baseline test: PSG

Participant demographics: age: men 42.5 ± 10.6, women 
39.9 ± 11.7; male: n = 18 (56%); BMI: men 28.2 ± 3.06, women 
25.2 ± 3.06; AHI: 4.7 (0–15); ESS: NR; smokers: NR

6 months AHI Snoring grade score P50 snoring volume parameters; L1 
snoring volume parameters; L5 snoring 
volume parameters

Miljeteig 
199492

38 Baseline tests: PSG; nasopharynx, oropharynx and laryngopharynx 
examination by an otolaryngologist

Participant demographics: age: NR; male: NR; BMI: NR; AHI: 
5.1 ± 2.9; ESS: NR; smokers: NR

Total length of follow-
up 45 ± 20 months; 
objective outcomes 
assessed only at 
13 ± 15 months

NR NR Snoring index; mean sound intensity; 
maximal sound intensity

AHI, apnoea/hypopnoea index; BMI, body mass index; CT, computerised tomography; ESS, Epworth Sleepiness Scale; 
NR, not reported; ODI, oxygen desaturation index; PSG, polysomnography; TP, traditional palatoplasty; UEP, uvulopalatal 
elevation palatoplasty; VAS, visual analogue scale.
a Data presented as mean ± SD (range) unless otherwise specified. Age, BMI and AHI are presented in years, kg/m2 and 

events/hour respectively. n = number of non-apnoeic snorers included in the study.
b UP3 (1-year postoperatively) vs conservative treatment: results are reported in graphs and minimally in the text but the 

p-values stated are unclear.
c Three different UP3 techniques were used depending on anatomy: 55 patients who had large tonsils and/or tonsils 

situated high up in a narrow angle to the uvula were operated with the classic UP3 technique including tonsillectomy; 
31 patients with a prolonged clumsy uvula but small tonsils and normal posterior pillars were treated with the CO2 laser 
technique; 70 patients with small tonsils, a prolonged uvula and/or pronounced posterior pillars (often web-like, attached 
far down onto the uvula) were operated using the classical UP3 technique but without tonsillectomy.

d Parallel two-group pre–post study: traditional palatoplasty with uvulectomy (TP) and uvulopalatal elevation palatoplasty 
(UEP). Patients were randomised into two treatment groups but only pre- and postoperative data were compared. The 
numbers reported here are those included in the analysis.

e Three different techniques of UP3 were used: general UP3; LAUP and CAUP. The number of patients in each group was 
not reported. The ECG data were based on 153 patients who had a score of < 2 assessed by partner using a snoring 
assessment table (from 0 indicating no snoring to 5 indicating snoring with hypopnoea or apnoea).

f Only 16 patients had PSG and were confirmed to have an AI of < 5. The inclusion criterion of the study was patients with 
socially impairing snoring but without OSAS. All patients in the study had an ODI of < 5 reductions per hour.
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TABLE 10 Summary of study characteristics for studies assessing uvulopalatopharyngoplasty (UP3) alonea

Study ID n Participants Follow-up duration 

Outcomes

PSG parameters Subjective Objective

Friberg 
199591

56 Baseline tests: oximetry

Participant demographics: age: median 46 (26–74); male: n = 56 
(100%); BMI: median 26.1 (18.3–35.4); AHI: NR; ODI: median 0 
(0–6); ESS: NR; smokers: NR

Median: 63 (37–83) 
months 

ODI; nadir SaO2 (%) Number of patients reporting excessive daytime 
sleepiness; number of patients reporting snoring; 
postoperative oesopharyngeal reflux; minor throat 
disturbances; change in voice quality

Duration of the obstructive respiratory 
pattern (percentage of total sleep time)

Janson 
199490b;f

231: UP3 = 155c; 
conservative = 76

Baseline tests: oximetry; PSG in 16 patients; clinical examination

Participant demographics: age: UP3 45 (24–74), conservative 49 
(18–79); male: UP3 n = 136 (87.7%), conservative n = 47 (62%); 
BMI: both groups: 25 ± 3; AHI: NR; ODI: < 5; ESS: NR; smokers: 
NR

3 months: n = 105; 12 
months: n = 50; 3 and 
12 months: n = 54; 2 
years: n = 49; 5 years: 
n = 9 

NR Difficulty inducing sleep; difficulty maintaining sleep; 
excessive daytime sleepiness; excessive daytime 
tiredness; snoring occasional or moderate; snoring severe 
or frequent; morning headache; awakening because of 
trouble breathing; involuntarily falling asleep; falling asleep 
when relaxing; tendency to take a nap in the daytime; 
difficulty staying awake when driving

NR

Jones 200594 35: UEP = 19; 
TP = 16d

Baseline test: PSG

Participant demographics: age: UEP 47 (33–60), TP 46 (24–65); 
male: UEP n = 17/19 (89%), TP n = 13/16 (81%); BMI: UEP 
31.4 (24.9–47.2), TP 29.6 (24.3–36.0); AHI (median): UEP 2.7 
(0–12.8), TP 3.8 (1.0–10.9); ESS (median): UEP 7 (0–15), TP 9 
(2–17); smokers: NR

2–9 months for 
acoustic analysis: 
n = 35; 21 (11–26) 
months for 
questionnaire: n = 34 

NR Postoperative improvement in snoring symptoms 
(assessed by patients)

Snore periodicity (%); snore energy 
ratio 0–200 Hz; snore energy ratio 
0–250 Hz; snore energy ratio 0–400 Hz

Neruntarat 
200593

60 Baseline tests: PSG; oximetry; nasopharyngoscopy and lateral 
cephalogram

Participant demographics: age: 48.3 ± 10.2 (28–50); male: n = 50 
(89.3%); BMI: 26.5 ± 2.4 (25.2–28.2); AHI: 3.2 ± 1.2; ESS: 
8.1 ± 3.5; smokers: NR

14.2 ± 3.2 (12–20) 
months

AHI; lowest SaO2 (%); 
mean SaO2 (%); sleep 
efficiency (%); snoring 
index; time spent in loud 
snoring (%)

Severity of snoring; ESS; postoperative pain VAS; 
swallowing problem VAS; speech problem VAS

Cephalometric parameters

Ozmen 
200689

162e Baseline tests: PSG; otolaryngological examinations with 
additional paranasal sinus CT if needed

Participant demographics: age: 35.2 ± 14.1 (21–51); male: n = 114 
(70%); BMI: 28.1 ± 1.2; AHI: < 5; ESS: NR; smokers: n = 135 
(83%) (mean one box of cigarettes/day)

1 month NR Snoring score (partner assessed); surgical procedure 
success

Based on n = 153: QTc min; QTc 
max; QTc dispersion (milliseconds); 
postoperative adverse events

Prichard 
199549

32 Baseline test: PSG

Participant demographics: age: men 42.5 ± 10.6, women 
39.9 ± 11.7; male: n = 18 (56%); BMI: men 28.2 ± 3.06, women 
25.2 ± 3.06; AHI: 4.7 (0–15); ESS: NR; smokers: NR

6 months AHI Snoring grade score P50 snoring volume parameters; L1 
snoring volume parameters; L5 snoring 
volume parameters

Miljeteig 
199492

38 Baseline tests: PSG; nasopharynx, oropharynx and laryngopharynx 
examination by an otolaryngologist

Participant demographics: age: NR; male: NR; BMI: NR; AHI: 
5.1 ± 2.9; ESS: NR; smokers: NR

Total length of follow-
up 45 ± 20 months; 
objective outcomes 
assessed only at 
13 ± 15 months

NR NR Snoring index; mean sound intensity; 
maximal sound intensity

AHI, apnoea/hypopnoea index; BMI, body mass index; CT, computerised tomography; ESS, Epworth Sleepiness Scale; 
NR, not reported; ODI, oxygen desaturation index; PSG, polysomnography; TP, traditional palatoplasty; UEP, uvulopalatal 
elevation palatoplasty; VAS, visual analogue scale.
a Data presented as mean ± SD (range) unless otherwise specified. Age, BMI and AHI are presented in years, kg/m2 and 

events/hour respectively. n = number of non-apnoeic snorers included in the study.
b UP3 (1-year postoperatively) vs conservative treatment: results are reported in graphs and minimally in the text but the 

p-values stated are unclear.
c Three different UP3 techniques were used depending on anatomy: 55 patients who had large tonsils and/or tonsils 

situated high up in a narrow angle to the uvula were operated with the classic UP3 technique including tonsillectomy; 
31 patients with a prolonged clumsy uvula but small tonsils and normal posterior pillars were treated with the CO2 laser 
technique; 70 patients with small tonsils, a prolonged uvula and/or pronounced posterior pillars (often web-like, attached 
far down onto the uvula) were operated using the classical UP3 technique but without tonsillectomy.

d Parallel two-group pre–post study: traditional palatoplasty with uvulectomy (TP) and uvulopalatal elevation palatoplasty 
(UEP). Patients were randomised into two treatment groups but only pre- and postoperative data were compared. The 
numbers reported here are those included in the analysis.

e Three different techniques of UP3 were used: general UP3; LAUP and CAUP. The number of patients in each group was 
not reported. The ECG data were based on 153 patients who had a score of < 2 assessed by partner using a snoring 
assessment table (from 0 indicating no snoring to 5 indicating snoring with hypopnoea or apnoea).

f Only 16 patients had PSG and were confirmed to have an AI of < 5. The inclusion criterion of the study was patients with 
socially impairing snoring but without OSAS. All patients in the study had an ODI of < 5 reductions per hour.
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Overall there was very little overlap between 
the studies in the outcomes assessed and little 
consistency in the way that they had been 
measured. This precluded grouping the studies 
according to outcome measure and limited the 
number of comparisons that could be drawn 
between the studies.

Study quality
The quality of the seven studies is summarised 
in Table 11. The studies were generally of low 
quality and, in particular, the level of reporting 
was inadequate. Most of the studies were 
relatively small. Patient selection criteria and 
baseline characteristics were generally only 
partially reported; there were often no data on 
baseline ESS, smoking status and level of alcohol 
consumption. In four of the studies49,89,91,92 details 
of the intervention were very limited. The data 
collection tools were not always valid and accurate 
for measuring the outcome of interest and there 
were few standardised instruments for measuring 
subjective outcomes across the studies. When 

reported treatment compliance across the studies 
was good but attrition rates were relatively high. 
Data analyses conducted were appropriate in all 
studies.

Results

Friberg and colleagues91 undertook UP3 on 56 
non-apnoeic snorers and reported both subjective 
results and objective sleep data measured at a 
median time of 63 months’ (range 37–83 months) 
follow-up. Postoperative sleep recording was 
performed in 53 patients. A significant worsening 
from baseline to follow-up was observed for 
the median oxygen desaturation index [ODI; 
increased from 0 (range 0–24) to 1 (range 0–24)]; 
the median duration of obstructive respiratory 
pattern [increased from 8% (range 0–43%) to 
17% (range 0–74%)]; and the median nadir 
SaO2 level [decreased from 92% (97–84%) to 
88% (95–73%). Consistent with these changes in 
oxygen saturation levels and obstructive respiratory 
pattern, the authors indicated that, according to 

TABLE 11 Summary of study quality indicators for studies assessing uvulopalatopharyngoplasty (UP3) alone

Quality criteria
Friberg 
199591

Janson 
199490

Jones 
200594

Prichard 
199549

Miljeteig 
199492

Neruntarat 
200593

Ozmen 
200689

Eligibility criteria 
specified?

P P + P P P P

Adequate baseline 
details presented?

P P + + + P P

Are any co-
interventions stated? 

+ ? NA NA ? NA –

Compliance with 
treatment adequate? 

? + + + + + ?

Subgroup analysis 
justified? 

– + NA NA + NA NA

Data collection tools 
valid? 

P – P P P P P

Data collection tools 
reliable?

P – P P P P P

All participants 
accounted for?

– – – + – – +

Data analyses 
appropriate?

+ + + + – + +

Greater than 80% of 
patients followed up? 

+ ? – + + + +

Generalisability P P + + + P P

Intercentre variability NA ? NA NA NA NA NA

?, unclear; +, yes; −, no; NA, not applicable; P, partial.
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the postoperative recording results, six patients 
developed mild to moderate OSAS after the 
surgery.

In the study median BMI also increased 
significantly after surgery (p = 0.0005). Changes 
in both ODI and obstructive respiratory pattern 
were significantly correlated with changes in BMI 
(p = 0.0003). Five of the six patients in whom OSAS 
developed postoperatively had gained weight.

Of 51 patients who preoperatively reported EDS, 
the number (%) of patients reporting no EDS, 
improvement in daytime sleepiness or no change 
in EDS after the operation was 29 (57%), 8 (16%) 
and 14 (27%) respectively. All of the 56 patients 
in the study preoperatively complained of having 
loud snoring. At follow-up 15 (27%) reported no 
snoring at all, 34 (60%) reported less snoring and 
seven (13%) reported persistent snoring. Overall, 
87% of the patients with snoring were improved or 
cured. In none of the patients did snoring become 
worse. Of those who still snored, the majority 
reported that the snoring was much less loud but 
more high pitched. Changes in BMI correlated 
significantly with the degree of postoperative 
snoring (p = 0.04) but not with the degree of EDS 
(p = 0.13) and snoring.

No serious postoperative complications were 
observed. Of the 56 patients, seven reported minor 
throat disturbances such as dryness or increased 
mucous secretion, and one reported a change in 
voice quality.

Janson and colleagues90 assessed 231 patients: 
155 underwent one of three UP3 procedures 

and 76 underwent conservative treatment. 
Subjective outcomes were reported in the 155 
patients who underwent a UP3 procedure. All of 
the 155 patients classified their symptoms on a 
5-point scale, multiple choice questionnaire. The 
questionnaire consisted of 16 symptom-related 
questions. Postoperative outcomes were assessed 
in 105 patients at 3 months and 50 patients at 12 
months. Only a mixture of results for the two time 
points was reported. Subjective outcomes measured 
were the percentage of patients who reported 
either moderate or occasional problems, or severe 
or frequent problems, with snoring, involuntarily 
falling asleep, falling asleep when relaxing, 
difficulty staying awake when driving, daytime 
tendency to take a nap, difficulty maintaining 
sleep or inducing sleep, awakening because of 
trouble breathing, daytime tiredness and morning 
headache. All of the measured outcomes showed a 
statistically significant improvement after UP3. A 
summary of the percentage of patients reporting 
each problem pre-and postoperatively is displayed 
in Table 12 below.

Limited results at 1 year of follow-up after UP3 
versus conservative treatment were reported by the 
authors in graphs and minimally in the text. It was 
unclear whether the p-values stated in the text were 
for the moderate/occasional problems, severe or 
frequent problems, or the total of both categories. 
The specific figures from the graphs were therefore 
not extracted. The authors indicated that after 
treatment the UP3 patients had significantly lower 
symptom scores than the conservatively treated 
patients for tendency to take a nap in the daytime 
(p < 0.05), EDS, morning headache (p < 0.01), 
difficulty in maintaining sleep, snoring, and 

TABLE 12 Summary of the percentage of patients reporting either moderate or severe problems pre- and post-treatment90

Problem

Moderate problem (%) Severe problem (%)

Pretreatment Post-treatment Pretreatment Post-treatment

Snoring 4 21 96 18

Involuntarily falling asleep 23 6 12 3

Falling asleep when relaxing 30 29 50 26

Difficulty staying awake when driving 21 6 8 1

Daytime tendency to take a nap 26 20 20 6

Difficulty in maintaining sleep 33 19 27 10

Difficulty in inducing sleep 14 11 7 4

Trouble breathing causing awakening 24 7 13 3

Daytime tiredness 31 30 54 7

Morning headache 29 10 15 2
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waking because of trouble breathing (p < 0.001); 
significantly more patients in the UP3 group also 
felt rested on awakening in the morning (p < 0.01).

The side effects of UP3 observed in this study were 
minor, with a total of 42 patients experiencing 
events. In total, 35% of the 42 patients had 
undergone the classical (standard) UP3 treatment 
and 23% had undergone either the CO2 laser 
treatment or UP3 without tonsillectomy. The most 
frequent events were irritation in the throat (19 
patients) followed by hypersecretion in the throat 
(four patients), nasal speech (three patients), nasal 
regurgitation (three patients) and tendency to 
vomit (one patient).

In the study by Jones and colleagues94 54 patients 
were randomised into two parallel groups to 
undergo either TP or UEP. Pre- and post-treatment 
data on 35 patients (16 in the TP group and 19 
in the UEP group) were pooled across the two 
groups and reported as the difference between 
pre- and postoperative scores. At the first follow-
up visit (mean 2.5 months) there was a significant 
decrease from baseline in the median (90th 
centile) measures of snore periodicity, from 
87.5% (80–94%) to 84.0% (73–88%); however, 
this was not maintained at the second follow-up 
visit (mean 9.7 months), with a slight increase 
to 84.5% (73.5–91.5%). Acoustic parameters of 
the median (90th centile) snoring sound energy 
ratios for the frequency bands 0–200 Hz, 0–250 Hz 
and 0–400 Hz all demonstrated significant 
improvement from baseline at the first follow-up 
visit, being 74 (37–87), 83 (42–93), and 95 (56–97) 
at baseline, respectively, but reduced to 58.5 
(18–83), 73 (18–86.5) and 85 (49.5–95.5) at the 
first visit respectively. Again, however, there was no 
significant difference from baseline values at follow-
up visit two, with increases to 67 (14–89) in the 
0- to 200-Hz band, 74 (27–93) in the 0- to 250-Hz 
band and 89 (50–97.5) in the 0- to 400-Hz band; of 
these, the snoring energy ratio of the 0- to 250-Hz 
band reached marginal significance. The authors 
indicated that a paired comparison of snore 
loudness between the early and late postoperative 
recordings showed a significant increase in snore 
loudness between recordings (p < 0.001).

The authors also reported that age, peak nasal 
inspiratory flow rate (measured as the best of three 
maximum rates), ESS and reported alcohol intake 
(units/week) were unrelated to either the early 
improvement or subsequent decline in the acoustic 
parameters after surgery.

At a median time of 21 months (range 11–26) after 
the surgery, based on 34 patients, 11.8% reported 
no improvement in snoring symptoms, 55.9% 
reported an improvement that was sustained for 1 
year or less, and 32.3% reported an improvement 
that was sustained until the assessment time. 
The authors indicated that the objective acoustic 
outcomes were not correlated with the subjective 
outcomes on an individual patient level. Adverse 
events were not reported in this study.

In the study by Miljeteig and colleagues,92 which 
included both non-apnoeic snorers and patients 
with OSAS, only the objective outcomes of SI 
and sound intensity for 38 non-apnoeic snorers 
measured at a mean of 13 (SD 15) months’ follow-
up were reported and compared with baseline 
values. The mean SI increased from 252 (SD 
280) events/hour before surgery to 296 (SD 318) 
events/hour after surgery, but the change was 
not statistically significant. Changes in mean 
sound intensity from 64.8 dB (SD 7.2) at baseline 
to 65.4 dB (SD 7.0) post-treatment, and mean 
maximal sound intensity from 85.3 dB (SD 12.3) 
before surgery to 80.5 dB (SD 14.5) after surgery, 
were also not statistically significantly different. 
Adverse events were not reported in this study.

The study by Neruntarat93 assessed the effects of a 
reversible uvulopalatal flap. Data from 56 patients 
on subjectively assessed outcomes, cephalogram 
and PSG measured both at baseline and at a mean 
of 14.2 months (range 12–20) after the operation 
were analysed. Snoring sound was measured with 
a microphone placed at the trachea. Severity of 
snoring was graded by the patient’s bed partner or 
observer using a 10-cm VAS, with ‘no snoring’ and 
‘severe snoring’ used as anchors. A 10-point VAS 
for postoperative pain, difficulty in swallowing and 
changes in speech was completed by the patients 
daily for 10 days postoperatively. Comparing 
the pre- and postoperative values, there were 
changes in the following variables: mean AHI 
score decreased from 3.2 (SD 1.2) to 3.0 (SD 1.8); 
sleep efficiency decreased from 88.6% (SD 8.6%) to 
87.5% (SD 10.4%); mean lowest oxygen saturation 
increased from 86.4% (SD 9.6%) to 88.2% (SD 
5.5%); and mean oxygen saturation increased from 
95.2% (SD 1.8%) to 96.2% (SD 2.1%); however, 
none of these changes was significant. Significant 
changes were observed in the following variables: 
mean SI, from 245.8 (SD 40.8) events/hour to 
42.5 (SD 20.7) events/hour; mean time spent in 
loud snoring, from 10.2% (SD 1.5%) to 3.8% (SD 
2.8%); partner-assessed mean severity of snoring 
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10-point VAS score, from 8.2 (SD 3.4) to 2.6 (SD 
1.4); and mean ESS, from 8.1 (SD 3.5) to 5.2 
(SD 3.2). Snoring was considered to be cured if 
the bed partner-assessed VAS score was less than 
half of that at baseline. Based on this criterion 
the problem was eliminated in 88% (49/56) of 
patients. A positive and significant correlation 
was found between the changes in percentage of 
time spent in loud snoring and the changes in 
subjective severity of snoring VAS score (r = 0.42, 
p < 0.05), and between the changes in SI and the 
changes in subjective severity of snoring VAS score 
(r = 0.38, p < 0.05). Cephalometric data showed a 
significant decrease in two parameters: the length 
from posterior nasal spine to uvula (PNS-P) and 
the palatal width (PW). No significant changes 
were observed in the sella-nasion-point A angle 
(SNA), the sella-nasion-point B angle (SNB), 
the posterior airway space (PAS) or the length 
between mandibular plane and hyoid bone (MP-
H). A summary of the pre- and post-treatment 
cephalometric data is displayed in Table 13.

There was minimal morbidity associated with 
treatment. After the procedure the mean VAS 
scores for pain, swallowing problems and 
speech problems decreased from 6.9, 4.4 and 
2.2, respectively, on day 1 to 1.1, 0.5 and 0.2, 
respectively, on day 10. Most patients (52/56) 
had mild to moderate pain (VAS score ≤ 7) for 
5–7 days after the procedure. Two (4%) patients 
reported transient nasal regurgitation and one (2%) 
patient reported foreign body sensation. Bleeding, 
dysphagia, infection and nasopharyngeal stenosis 
were not observed.

In their study Ozmen and colleagues89 aimed to 
assess the association between snoring and excess 
risk for cardiac events by specifically assessing 
the effects of UP3 on QT dispersion. A total of 
162 patients underwent one of three surgical 
procedures: general UP3, LAUP or CAUP. The 

number of patients in each of the procedure groups 
was not reported.

Surgical procedure success was assessed by 
the patient’s partner using a six-level snoring 
assessment table (from 0 indicating no snoring to 
5 indicating snoring with hypopnoea or apnoea). 
At follow-up nine (6%) patients had a score of 2 
and were considered to have mild or moderate 
snoring. They were therefore judged to have no 
improvement. Surgery was therefore classified 
as successful in 153 patients (94%). ECG data of 
corrected QT interval parameters QTc min, QTc 
max and QTc dispersion were analysed based on 
153 patients who postoperatively had a 6-level 
snoring assessment score of < 2. Significant 
changes were found in all of the three variables. 
A summary of the mean pre- and post-treatment 
scores is displayed in Table 14.

In this study no complications were observed.

Prichard and colleagues49 reported changes in 
objective measurements during sleep from baseline 
to 6 months post UP3 for 32 non-apnoeic snorers. 
No significant change in AHI was found after UP3. 
Snoring sound level was measured. The objective 
indices of snoring used were the proportion of 
sleep time during which the level exceeded 50 dB 
(P50) and the sound level (dB) above which 1% 
and 5% of the sound occurred (L1 and L5). A 
significant reduction in the snoring sound level 
was observed in the supine posture for all of the 
three indices, with the percentage of sleep time 
that exceeded 50 dB (median value) being 1.12 
at baseline and 0.36 post treatment, the level 
above which 1% of the sound occurred (median 
value) being 50.6 dB preoperatively and 46.3 dB 
postoperatively, and the level above which 5% of 
the sound occurred (median value) being 43.6 dB 
preoperatively and 38.8 dB postoperatively.

TABLE 13 Summary of the pre- and post-treatment cephalometric measurementsa assessed by Neruntarat93

PNS-P (mm) PW (mm) SNA (°) SNB (°) PAS (mm) MP-H (mm)

Pretreatment 45.7 ± 4.1 10.4 ± 2.1 80.5 ± 3.4 79.2 ± 2.9 10.2 ± 2.4 18.5 ± 3.2

Post-treatment 42.01 ± 2.8 8.4 ± 2.4 80.2 ± 4.5 79.5 ± 3.4 10.4 ± 3.2 18.2 ± 4.1

p-value < 0.001 < 0.05 NS NS NS NS

MP-H, mandibular plane and hyoid bone; PAS, posterior airway space; PNS-P, length from posterior nasal spine to uvula; PW, 
palatal width; SNA, sella-nasion-point A angle; SNB, sella-nasion-point B angle.
a Data presented as mean ± SD.
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TABLE 14 Summary of the mean pre- and post-treatment scores for QT interval parametersa assessed by Ozmen and colleagues89

QTc min (milliseconds) QTc max (milliseconds) QTc dispersion (milliseconds)

Pretreatment 381.3 ± 7.8 449.6 ± 6.2 68.2 ± 8.4

Post-treatment 397.0 ± 5.9 440.0 ± 20.8 43.8 ± 6.2

p-value < 0.001 < 0.001 < 0.001

a Data presented as mean ± SD.

Subjective snoring grade was assessed by the 
patient’s partner using the responses ‘nil’, 
‘mild’, ‘moderate’ or ‘severe’, scoring 0, 1, 2 or 
3 respectively. Decreases in snoring grades were 
observed. At baseline the percentage of partners 
reporting snoring being moderate and severe was 
25% and 75% respectively; after surgery these 
values reduced to 18.8% and 12.5% respectively. 
Also, after surgery 15.6% reported no snoring and 
53.1% reported mild snoring. The significance of 
the differences was not assessed statistically. No 
adverse events were reported.

A summary of the study results for PSG parameter 
outcomes, objectively assessed snoring sound 
outcomes, subjectively assessed snoring levels 
and adverse events are displayed in Tables 15–18 
respectively. A further overall summary of the key 
study results is displayed in Table 19.

Summary of the results
The quality of the seven identified pre–post studies 
was generally poor, with small sample sizes ranging 
from 32 to 162. As there was little overlap between 
the studies with respect to the outcomes assessed it 
was difficult to aggregate the data and make useful 
comparisons between the studies.

Subjectively assessed snoring outcomes
Two studies, by Neruntarat93 and Janson and 
collegues,90 found a significant postoperative 
improvement in snoring outcomes. The study by 
Neruntarat93 (n = 56) assessed snoring with a 10-
cm VAS and reported a mean (SD) reduction from 
8.2 (3.4) at baseline to 2.6 (1.4) postoperatively. 
The study by Janson and colleagues90 (n = 155) 
detailed the percentage of patients reporting either 
‘moderate or occasional’ or ‘severe or frequent’ 
problems with snoring; the percentage of patients 
reporting ‘moderate or occasional’ problems with 
snoring increased from 4% preoperatively to 21% 
postoperatively, whereas those reporting ‘severe or 
frequent’ problems with snoring decreased from 
96% preoperatively to 18% postoperatively.

An overall improvement in snoring was reported 
by two studies. One study (n = 56) found that 27% 
of patients reported no postoperative snoring, 60% 
reported a decrease in snoring and 13% reported 
loud persistent snoring. In none of these patients 
had snoring become worse. Overall, 87% of the 
patients with snoring were improved or cured. The 
other study (n = 162) found that 94% of partners of 
patients reported an improvement in snoring.

One study (n = 32) reported different levels of 
snoring and found that, preoperatively, 75% of 
patients reported severe snoring and 25% reported 
moderate snoring, whereas, postoperatively, 12.5% 
reported severe snoring, 18.8% reported moderate 
snoring, 52.1% reported mild snoring and 15.6% 
reported no snoring.

Epworth Sleepiness Scale
One study (n = 60) assessed pre- and postoperative 
ESS and found a significant reduction from 8.1 (SD 
3.5) to 5.2 (SD 3.2), respectively; however, with a 
preoperative mean ESS below 12, the reduction in 
the ESS may have little clinical relevance.

One study (n = 155) assessed the percentage of 
patients reporting either ‘moderate or occasional’ 
or ‘severe or frequent’ problems with EDS. A 
significant improvement in both of these outcomes 
was observed.

Another study91 (n = 56) reported postoperative 
EDS status and found that, of the 51 patients who 
preoperatively reported EDS, 57% no longer had 
EDS, 16% saw an improvement and 27% remained 
unchanged.

Other subjective outcomes
A range of measures of sleep problems were 
reported in one study (n = 56). The percentage of 
patients having each type of problem decreased 
significantly following UP3.
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Objectively assessed 
snoring sound level
Relevant objective outcomes were reported in five 
of the seven identified studies.

Snoring sound intensity was reported in one study 
(n = 38); no significant pre–post changes in either 
the mean or maximal sound intensity were found. 
Pre- and postoperative snoring sound energy 
ratios were reported in one study (n = 35). Median 
(90th centile) snoring sound energy ratios for the 
frequency bands 0–200 Hz, 0–250 Hz and 0–400 Hz 
showed significant reductions from 74 (37–87), 83 
(42–93) and 95 (56–97), respectively, at baseline 
to 58.5 (18–83), 73 (28–86.5) and 85 (49.5–95.5) 
at the short-term follow-up (mean 2.5 months). 
However, there were no significant differences 
from baseline values at the long-term follow-up 
(mean 9.7 months). Snoring volume parameters 
were reported in one study (n = 32). A significant 
reduction in the snoring sound level was observed 
in the supine position for all three indices: the 
percentage of sleep time during which the level 
exceeded 50 dB and the sound level above which 
1% and 5% of the sound occurred. There was no 
significant reduction in snoring volume in the 
lateral sleeping posture. SI was reported in two 
studies. One study (n = 60) reported a significant 
reduction, whereas the other (n = 38) showed 
no significant change. The mean percentage of 
time spent in loud snoring was reported in one 
study (n = 60); there was a significant reduction 
from 10.2% (SD 1.5%) at baseline to 3.8% (2.8%) 
post-treatment. Snore periodicity was reported 
in one study (n = 35). The median (90th centile) 
percentage of snore periodicity decreased 
significantly from 87.5% (80–94%) at baseline to 
84.0% (73–88%) at short-term follow-up (mean 2.5 
months). This was not maintained at long-term 
follow-up (mean 9.7 months).

Other objective outcomes
QT intervals were reported in one study in 
162 patients. Postoperative QTc max and QTc 
dispersion values were significantly shortened and 
postoperative QTc min values were significantly 
increased.

PSG parameter results
Three of the seven studies reported PSG parameter 
outcomes. AHI was reported in two studies (n = 60 
and n = 32). No statistically significant changes 
were reported following the treatment.

Mean nadir SaO2, mean SaO2 and sleep efficiency 
were reported in one study (n = 60); these outcomes 

showed no significant pre- to postoperative 
changes. However, another study (n = 56) reported 
the median oxygen desaturation index, median 
duration of obstructive respiratory pattern and 
median nadir SaO2 in 53 patients and found 
significant worsening in these outcomes. In this 
study, according to the postoperative recording 
results, six patients were categorised as having 
mild to moderate OSAS postoperatively. In the 
study, median BMI also increased significantly 
after surgery. Changes in both ODI and obstructive 
respiratory pattern were significantly correlated 
with changes in BMI. Five of the six patients in 
whom OSAS developed postoperatively had gained 
weight.

Cephlometric measurement results
Cephalometric parameter results were reported 
in one study (n = 60). There were significant 
reductions in the mean distance between the 
posterior nasal spine and the soft palate, from 
45.7 (SD 4.1) mm to 42.01 (SD 2.8) mm, and in 
the palatal width, from 10.4 (SD 2.1) mm to 8.4 
(SD 2.4) mm. There were no changes in either the 
skeletal or the soft tissues measurements at the 
tongue base.

Adverse events
When reported, no or only minor morbidity was 
associated with the treatment, with postoperative 
pain, throat disturbances/irritation and speech 
and swallowing problems being the most common 
events. Most patients reported mild to moderate 
pain after the procedure that improved to minimal 
levels 10 days postoperatively. However, as only 
four studies reported adverse events it is difficult to 
draw any comparisons between the studies or make 
any firm generalisations.

Conclusions

Limited evidence from poor-quality studies showed 
that, for the treatment of non-apnoeic snorers, 
UP3 seemed to improve subjectively assessed 
snoring and reduce snoring-related problems, EDS 
and sleeping difficulties. On objectively assessed 
outcomes UP3 seemed to reduce snoring volume 
in the supine sleeping position and the percentage 
of sleeping time spent in loud snoring, and reduce 
snoring sound energy ratios and snore periodicity 
at short-term follow-up. UP3 also seemed to reduce 
the palatal width and the distance between the 
posterior nasal spine and soft palate. Evidence on 
SI and oxygen saturation levels is equivocal.



DOI: 10.3310/hta13030 Health Technology Assessment 2009; Vol. 13: No. 3

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

45

Based on the limited results, adverse events 
associated with UP3 appeared to be minor, with 
postoperative throat disturbances and pain being 
the most common.

Laser-assisted 
uvulopalatoplasty alone
Quantify and quality of the studies
Three pre–post studies were identified that 
evaluated the effects of LAUP alone for the 
treatment of non-apnoeic snoring. Of the three 
studies, one by Lauretano and colleagues96 
completed LAUP on a sample of 52 patients, but 
the study only included 12 non-apnoeic snorers. 
The other two studies, by Berger and colleagues95 
and Neuruntarat,114 only included 14 and 32 
patients respectively. The total number of non-
apnoeic snorers in the three studies was therefore 
58. In the study by Lauretano and colleagues96 
the objective outcomes analysed for non-apnoeic 
snorers were based on only three patients who 
underwent a postoperative PSG test. In this study 
baseline data for non-apnoeic snorers were based 
on a total of 32 patients who were recruited, not 
just the 12 non-apnoeic snorers who completed 
treatment. The mean age of patients in the three 
studies ranged from 35.2 to 51.2 years. The 
proportion of male patients ranged from 71% 
to 91%. Mean follow-up duration ranged from 
2 months to 10.1 months. Patients in all three 
studies had a PSG test at baseline and mean AHI 
was reported. Mean BMI in these studies ranged 
from 26.2 kg/m to 28.08 kg/m2. None of the studies 
reported baseline ESS scores, smoking status or 
the level of alcohol consumption of patients. A 
summary of the study characteristics are displayed 
in Table 20.

Treatment protocols
The surgical mode of LAUP differed between the 
studies. In the study by Berger and colleagues95 
two surgical techniques, type 1 and type 2 LAUP, 
were used, differing with respect to the mode 
of midline palatal vaporisation. Nine patients 
underwent type 1 LAUP, in which the uvular 
base was excised through the full palatal depth 
and then extended bilaterally to the anterior and 
posterior tonsillar pillars. Serial laser tonsillectomy 
was also performed, carried out in one to two 
sessions (mean 1.22). Five patients underwent 
type 2 LAUP, in which through-and-through full-
thickness vertical trenches were created on the 
free edge of the soft palate, on either side of the 

uvula. The core of the uvula was removed from 
the bottom up in a ‘fishmouth’ manner, while the 
mucosa of the uvula was preserved. The uvula 
was shortened and thinned by up to 80–90% of 
the original size. Again, this was carried out in 
one to two sessions (mean 1.4). In the study by 
Lauretano and colleagues96 a hand-held CO2 
laser was used to resect a wedge or crescent of soft 
palate on each side of the uvula and then ablate 
the uvula itself. Silver nitrate was applied in some 
cases for additional haemostasis. The palate was 
allowed to heal by secondary intention and the 
next LAUP session was performed 4–6 weeks later. 
The mean number of sessions was 2.5. In the 
study by Neruntarat114 laser-assisted septoplasty 
was performed in conjunction with LAUP and 
some patients also additionally underwent 
laser turbinectomy. The number of treatment 
sessions was not reported. Because of the use of a 
concomitant intervention the results of this study 
are more likely to be confounded than the results 
of the studies by Berger and colleagues95 and 
Lauretano and colleagues96 in terms of assessing 
the treatment effects of LAUP.

Outcomes
The objective outcomes assessed were PSG 
parameters95,96 and nasal resistance.114 Subjective 
measures of patient- and partner-reported snoring 
levels included snoring severity scores114 and 
patient’s snoring status.95,96 Snoring severity was 
partner assessed by Neruntarat114 using a 10-cm 
VAS with ‘no snoring’ and ‘severe snoring’ used as 
anchors. Snoring was considered to be cured in the 
study if follow-up scores were less than half those 
of baseline scores. Snoring status in the study by 
Berger and colleagues95 was measured using a scale 
with ratings of ‘improved’, ‘no change’ or ‘worse’, 
whereas Laurentano and colleagues96 assessed 
snoring status using a 7-point scale (1 = much 
worse, 4 = no change, 7 = much improved). Berger 
and colleagues additionally assessed levels of 
ESS and sleep-related symptoms.95 The specific 
symptoms included: (1) night awakening, (2) 
morning fatigue, (3) daytime somnolence, (4) 
episodes of sleep apnoea and (5) involuntary body 
movements during sleep. These were categorised 
as ‘improved’, ‘no change’ or ‘worse’. The first 
three questions were addressed to the patients and 
the remaining two to their bed partners.

Nasal obstruction and nasal symptoms were 
additionally assessed by Neruntarat114 and adverse 
events were reported in two of the studies.95,114
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Study quality

The quality of the three studies (indicators 
summarised in Table 21) was generally low, with 
very small sample sizes. Inclusion and exclusion 
criteria were only well defined in one study.114 None 
of the studies reported adequate baseline data 
on the participants. Compliance with treatment 
was adequate in all three studies; however, the 
data collection tools were not always valid and 
accurate in measuring the outcome of interest, 
i.e. all three studies assessed the level of snoring 
severity or status subjectively and therefore the 
results may be biased for this outcome. Two of the 
studies accounted for all of the participants in the 
analysis,95,114 but in the study by Lauretano and 
colleagues96 postoperative PSG results were only 
measured in three of the 12 patients. Data analyses 
conducted in two studies were appropriate95,114 and 
in one study96 the method was not reported.

Results

Berger and colleagues95 followed up patients at 
4 weeks postoperatively and at a mean of 10.1 
months (SD 7.9) after completion of LAUP 
treatment. At the short-term follow-up the snoring 
status in 79% of the patients was improved, in 
14% it remained unchanged and in 7% it became 
worse. At the long-term follow-up the improvement 
declined, with 57% reporting improvement, 21% 
remaining unchanged and 21% becoming worse.

Assessment of sleep-related symptoms at long-term 
follow-up showed that 57% of the patients reported 

an improvement, whereas 36% reported no change 
and 7% felt worse. The changes were not tested for 
statistical significance. LAUP appeared to have no 
adverse effects on either AHI scores or the lowest 
SaO2

 level, with no significant difference in changes 
in either parameter observed between baseline and 
follow-up. The specific point estimates for both 
outcomes and the associated variance are reported 
in Table 22.

Postoperative pain was reported as lasting for a 
mean of 9.7 days (SD 3.5 days), with severe pain 
that precluded patients working lasting for 4.5 
days (SD 3.1 days). Additionally, 36% of patients 
experienced persistent throat dryness or itching, 
and 17% had difficulty with nasal breathing.

In the study by Lauretano and colleagues,96 at 
2-months’ follow-up the snoring status of the 
patients was improved in 75%, unchanged in 17% 
and worse in 8%. Patient satisfaction with LAUP 
was assessed on a 7-point scale, with 1 indicating 
very dissatisfied, 4 neutral and 7 very satisfied. 
Assessment indicated that 83% of the patients were 
satisfied with the results of the procedure and 17% 
were unsatisfied. On the basis of results from three 
patients, LAUP did not significantly affect either 
the mean or the lowest oxygen desaturation levels, 
with no significant differences in levels between 
baseline and follow-up. Adverse events were not 
reported in this study.

In the study by Neruntarat,114 at a mean follow-
up duration of 5.2 months (range 4–6) partner-

TABLE 21 Summary of study quality indicators for studies assessing laser-assisted uvulopalatoplasty (LAUP) alone

Quality criteria Berger 200195 Lauretano 199796 Neruntarat 2003114

Eligibility criteria specified? – P +

Adequate baseline details presented? P P P

Are any co-interventions stated? NA NA +

Compliance with treatment adequate? + + +

Subgroup analysis justified? NA + NA

Data collection tools valid? P P P

Data collection tools reliable? P P p

All participants accounted for? + – +

Data analyses appropriate? + ? +

Greater than 80% of patients followed up? + – +

Generalisability + + P

Intercentre variability NA ? NA

?, unclear; +, yes; −, no; NA, not applicable; P, partial.
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TABLE 22 Summary of the polysomnographic parameter and objective outcome results for studies assessing laser-assisted 
uvulopalatoplasty (LAUP) alonea

Berger 200195 Lauretano 199796 Neruntarat 2003114

Number of non-apnoeic snorers 14 3 35

Outcomes 

AHI (events/hour) Pre 3.4 ± 2.1 (0–5.0) 4.22 ± 3.24 (0–12.97)b

Post 5.0 ± 4.4 (0–15.0) 9.30 

p-value NS NS

Lowest SaO2 (%) Pre 92.3 ± 5.9 (82–100)

Post 92.9 ± 5.4 (83–100) 

p-value NS

Mean O2 desaturation (%) Pre 94.4 ± 1.95 (91–98.5)b

Post 94.9

p-value NS

Lowest O2 desaturation (%) Pre 89.68 ± 4.79 (83–95.9)b

Post 90.3

p-value NS

Nasal resistance (Pa/ml/cm2) Pre 0.39 ± 0.8

Post 0.28 ± 0.5

p-value < 0.05

AHI, apnoea/hypopnoea index; NS, not significant.
a Data presented as mean ± SD (range) unless otherwise specified.
b Preoperative data were based on 32 non-apnoeic snorers.

assessed snoring scores showed a significant 
decrease from 8.8 (SD 2.2) to 2.8 (SD 1.7) after 
surgery, and 91% of patients considered that their 
snoring was cured (i.e. the VAS score was less 
than half of that at baseline). Nasal obstruction 
as measured by a VAS decreased significantly 
from a mean of 6.2 (SD 3.2) Pa/ml/cm2 at baseline 
to 1.6 (SD 0.8) Pa/ml/cm2 after the surgery. The 
nasal symptoms of rhinorrhea, nasal pruritus 
and sneezing also showed similar decreases 
postoperatively, with changes from a mean of 5.8 
(SD 1.4) to 2.1 (SD 1.8), 6.1 (SD 2.2) to 2.3 (SD 
0.9) and 7.1 (SD 2.3) to 2.5 (SD 1.7) respectively. 
However, the significance of the changes was not 
tested. Postoperative pain assessed using a 10-point 
VAS was also mild to moderate, with a score of ≤ 4.

A summary of the PSG parameter and objective 
outcome results is displayed in Table 22. 
Additionally, Table 23 gives a summary of the 
subjective outcome results and Table 24 presents the 
adverse events associated with LAUP.

Summary of the results

The very limited evidence on the effects of LAUP 
came from three poor-quality pre–post studies with 
very small sample sizes. Heterogeneity between the 
three studies precluded pooling of the evidence. 
Following LAUP, based on a very small sample size 
of patients, no significant changes were observed 
in the objective PSG parameters of AHI (n = 17), 
lowest SaO2 (%) (n = 14), mean oxygen desaturation 
(%) (n = 3) and lowest oxygen desaturation (%) 
(n = 3).

LAUP significantly improved snoring, with snoring 
scores measured on a 10-cm VAS in 35 patients 
showing a significant decrease from 8.8 (SD 2.2) 
at baseline to 2.8 (SD 1.7) after surgery; also, 91% 
of these patients reported a postoperative snoring 
VAS that was less than half of the baseline value.

Subjectively assessed snoring status was reported in 
two studies. One study (n = 14) found that snoring 
tended to be improved at 4 weeks’ follow-up but 
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TABLE 23 Subjectively assessed outcomes for studies assessing laser-assisted uvulopalatoplasty (LAUP) alonea

Berger 200195 Lauretano 199796 Neruntarat 2003114

Number of non-apnoeic snorers 14 12 35

Follow-up timeb 1 2

Outcomes

Snoring severity (10-cm VAS) Pre 8.8 ± 2.2

Post 2.8 ± 1.7

p-value < 0.05

Patients whose snoring severity  
(10-cm VAS) < half of that at baseline

91%

Patients whose snoring was:

 Improved 79% 57% 75%

 Unchanged 14% 21% 17%

 Worse 7% 21% 8%

Patients whose five sleep-related-
symptoms at last follow-up visit 
were:

 Improved 57%

 Unchanged 36%

 Worse 7%

Nasal obstruction (10-point VAS) Pre 6.2 ± 3.2

Post 1.6 ± 0.8

p-value < 0.01

Rhinorrhea Pre 5.8 ± 1.4

Post 2.1 ± 1.8

p-value NR

Pruritus Pre 6.1 ± 2.2

Post 2.3 ± 0.9

p-value NR

Sneezing Pre- 7.1 ± 2.3

Post- 2.5 ± 1.7

p-value

Patients who were: 

 Satisfied with LAUP 83%

 Neutral 0%

 Dissatisfied with LAUP 17%

NR, not reported; VAS, visual analogue scale.
a Data presented as mean ± SD unless otherwise specified.
b Follow-up time 1 = first follow-up visit at 4 weeks after completion of the last laser treatment; follow-up time 2 = the last 

follow-up visit at 10.1 ± 7.9 months (mean ± SD) after completion of the last laser treatment.
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TABLE 24 Summary of adverse events for studies assessing laser-assisted uvulopalatoplasty (LAUP) alonea

Study Postoperative adverse events

Berger 200195 No major complications, including postoperative haemorrhage

Most common complication was pain: pain duration, 9.7 ± 3.5 days; away from work because of severe 
pain, 4.5 ± 3.1 days

Patients who had persistent throat dryness or itching, 36%

Patients who exhibited difficulty in nasal breathing, 21% (one of whom had a pre-existing nasal 
obstruction)

Lauretano 199796 NR

Neruntarat 2003114 Pain (VAS): ≤ 4, mild to moderate

NR, not reported; VAS, visual analogue scale.
a Data presented as mean ± SD unless otherwise specified.

that the improvement declined at long-term follow-
up: snoring was improved in 79%, unchanged in 
14% and worse in 7% of the patients at 4 weeks’ 
follow-up, and improved in 57%, unchanged in 
21% and worse in 21% of the patients at long-term 
follow-up. In the other study (n = 12), snoring 
assessed at 2 months after the operation was 
improved in 75%, unchanged in 17% and worse in 
8% of the patients.

After LAUP, nasal obstruction, as assessed using a 
VAS in 35 patients, decreased significantly from 6.2 
(SD 3.2) Pa/ml/cm2 at baseline to 1.6 (SD 0.8) Pa/
ml/cm2 after surgery. Nasal obstruction-associated 
symptoms assessed using a VAS also tended to be 
improved.

In one study (n = 14), sleep-related-symptoms at 
last follow-up (mean 10.1 months after surgery) 
were assessed. These were improved in 57%, 
unchanged in 36% and worse in 7% of patients.

Based on results from 12 patients, 83% reported 
satisfaction with LAUP and 17% reported that they 
were not satisfied with the procedure.

Adverse events were reported in two of the three 
studies. Postoperative pain was the most common 
complication of LAUP.

Table 25 gives an overall summary of the study 
results.

Conclusions
Based on poor quality pre–post studies with very 
small sample sizes, LAUP significantly reduced 
nasal resistance and improved subjective snoring 
scores. LAUP when used in conjunction with 
septoplasty and laser turbinectomy tended to 
improve nasal obstruction related symptoms. No 
major complications were reported with LAUP, 
except postoperative pain.

Radiofrequency ablation
Quantity and quality 
of the studies
A total of seven studies assessed the effects of RFA 
techniques.103–109 In six of the studies surgery was 
to the soft palate103–108 and in the remaining study 
it was to the tongue base.109 The available evidence 
consisted of one RCT by Stuck and colleagues,103 
which compared soft palate RFA with placebo; one 
CCT conducted by Cartwright and colleagues,104 
in which soft palate RFA was compared with the 
short-term use of a MAS; and five pre–post studies, 
four of which assessed RFA to the soft palate105–108 
and one that evaluated bipolar RFA of the tongue 
base.109

Study sample sizes were small ranging from 9 to 
45 participants, with a median of 20. Overall there 
was a total of 151 participants across the studies. 
Duration of follow-up ranged from 10 weeks to 1 
year.
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TABLE 25 Summary of results for studies assessing laser-assisted uvulopalatoplasty (LAUP) alone

Berger 
200195

aLauretano 
199796

Neruntarat 
2003114

Study design Pre–post Pre–post Pre–post

Follow-up timea 1 2

Subjective outcomes (%)

Snoring severity (VAS) +

Patients with snoring VAS < half of baseline value 91

Nasal obstruction VAS +

Patients whose snoring was improved 79 57 75

Patients whose snoring was unchanged 14 21 17

Patients whose snoring was worse 7 21 8

Patients whose five sleep-related-symptoms at last follow-up were improved 57

Patients whose five sleep-related-symptoms at last follow-up were unchanged 36

Patients whose five sleep-related-symptoms at last follow-up were worse 7

Nasal obstruction VAS +

Patients who were satisfied with LAUP 83

Patients who were dissatisfied with LAUP 17

Objective outcomes

Nasal resistance (Pa/ml/cm2) +

PSG parameter outcomes

AHI – –

Lowest SaO2 (%) –

Mean O2 desaturation (%) –

Lowest O2 desaturation (%) –

+, significant pre- to postoperative improvement; –, not significant pre- to postoperative improvement; AHI, apnoea/
hypopnoea index; VAS, visual analogue scale.
a Follow-up time 1 = first follow-up visit at 4 weeks after completion of the last laser treatment; follow-up time 2 = the last 

follow-up visit at 10.1 ± 7.9 months (mean ± SD) after completion of the last laser treatment.

In six of the studies patients had undergone a PSG 
at baseline to rule out OSAS103,105,106,108,109,124 and 
in the remaining study patients had undergone 
a sleep study (type unspecified).107 Investigations 
at baseline to assess the site of airway narrowing 
included clinical examination alone;104 clinical 
examination in conjunction with endoscopy plus or 
minus cephalometric radiography;103,107,108 lateral 
cephalometry alone;105 and endoscopy alone.109 
In one study baseline tests were not reported.106 
The age range of participants included in the 
studies was from 26 to 67 years. When reported, 
the percentage of male participants ranged from 
66% to 95%.105–109 In the five studies reporting 
baseline BMI the mean BMI was 25.7–27.1 kg/m2, 

with a range from 22.0 to 34.6 kg/m2, indicating 

that patients were mainly overweight but not obese. 
Baseline ESS scores ranged from 4.5 to 11.4 across 
the studies. None of the studies reported the 
number of participants who smoked or the levels 
of alcohol consumption. Study characteristics are 
summarised in Table 26.

The studies differed slightly in their aims and 
objectives. Stuck and colleagues103 aimed to 
assess the efficacy of soft palate RFA compared 
with placebo sham surgery in their small RCT. 
In the CCT conducted by Cartwright and 
colleagues104 the objective was to evaluate the 
effectiveness of soft palate RFA and compare this 
with the effects of using a MAS (Snore X oral 
appliance; Snorex, Fremont, CA) for a 2-week 
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TABLE 26 Summary of study characteristics for studies assessing radiofrequency ablation (RFA)

Study ID
Study 
design Intervention n

Follow-up 
duration Participantsa

Outcomes

PSG parameters Subjective Objective

Stuck 
2005103

RCT 1. Soft palate RFA 
(two sessions; 
total energy 
delivery 3300 J)

2. Placebo 

26 10–14 weeks Baseline tests: PSG; clinical examination; nasendoscopy 
(awake)

Participant demographics: age: 42.6 ± 0.6 (range 27–60); 
male: NR; BMI: NR; AHI: RFA: 5.4 ± 4.6, placebo: 
5.2 ± 3.1; ESS: RFA: 5.4 ± 4.6, placebo: 5.2 ± 3.1; 
smokers: NR

NR Snoring scale score (partner reported); ESS; speech 
problems score; swallowing function score; taste 
score; pharyngeal irritation score

NR

Cartwright 
2000104

CCT 1. Soft palate 
RFA (mean 1.5 
sessions)

2. Oral appliance 
(Snore X) (worn 
at home for 2 
weeks)

20 RFA: 8.9 
months (range 
6–12 months)

Snore X 
appliance: 2 
weeks 

Baseline tests: PSG; clinical examination

Participant demographics: age: RFA: 52.2 ± 10.18, 
oral appliance: 53.1 ± 11.61; male: NR; BMI: RFA: 
28.20 ± 2.93, oral appliance: 30.20 ± 6.30; AHI: RFA: 
5.91 ± 4.31, oral appliance: 4.87 ± 3.97; ESS: NR; 
smokers: NR

AHI Snoring scale score (partner reported); ESS Percentage of sleep time with loud snoring 
(MESAM recording) 

Hukins 
2000105

Pre–
post

Soft palate RFA (3 
sessions) 

20 2 months post 
final treatment 
session

Baseline tests: PSG; lateral cephalometry.

Participant demographics: age: 43.2 ± 11.1; male: 
80%; BMI: 27.1 ± 2.80; AHI: 3.3 ± 3.1; ESS: 8.1 ± 4.0; 
smokers: NR

AHI; AI; sleep 
efficiency; sleep 
arterial saturation; 
nadir sleep arterial 
saturation 

ESS; sleepiness scale score (patient-reported VAS); 
snoring severity scale score (partner reported); 
postoperative pain; swallowing difficulties; speech 
changes; adverse events 

Snoring intensity (dB); cephalometric parameters: 
angle between the sellar point to the nasion line 
and maxillary point; angle between the sellar point 
to the nasion line and mandibular point; posterior 
airspace; maximum soft palate width; distance 
between the posterior nasal spine and the tip of the 
uvula

Boudewyns 
2000106

Pre–
post

Soft palate RFA 
(1–3 sessions 
with mean 
692.3 ± 67.7 J per 
session) 

45 5 months Baseline tests: PSG

Participant demographics: age: 43.7 ± 10.9; male: 86.4%; 
BMI: 26.6 ± 3.2; AHI: 5.1 ± 4.3; ESS: 8.0 ± 5.0; smokers: 
NR

AHI; O2 min Snoring score (partner reported); ESS; percentage 
treatment success; postoperative pain; adverse 
events

NR

Haraldsson 
2002107

Pre–
post

Soft palate RFA 
(3 sessions; total 
energy delivery 
3600 J)

16 10 days 
post each 
procedure

Baseline tests: Apnolog sleep study; clinical examination; 
endoscopy (awake)

Participant demographics: age: 49.4 ± 10.4 (range 26–
67); male: 68.6%; BMI: 26.2 ± 2.0 (range 22–30); AHI: 
NR; ESS: 11.4 ± 5.0; smokers: NR

ODI Snoring severity scale score (partner reported); 
ESS; postoperative pain; mean hypernasality score; 
mean nasal escape score; mean velopharyngeal 
snort score 

Maximum snoring level sound (dB); hypernasality 
score (nasal–oral ratio meter; NORAM) 

Back 
2002108

Pre–
post

Soft palate RFA 
(bipolar) (2 
sessions)

20 3 months and 
9.5 months

Baseline tests: PSG; clinical examination; 
nasopharyngoscopy (awake); cephalometric radiographs; 
MRI

Participant demographics: age: 43 (range 35–63)b; male: 
95%; BMI: 25.7 (range 22.6–34.6)b; AHI: < 5; ESS: 4.5 
(95% CI 1.0–16.7); smokers: NR

NR ESS score; snoring scale score (patient reported); 
snoring scale score (partner reported); percentage 
of patients with successful outcome, significant 
improvement or relapse on snoring scale score 
(patient reported); percentage of patients with 
successful outcome, significant improvement or 
relapse on snoring scale score (partner reported); 
± postoperative pain; ± postoperative swelling 
sensation; ± postoperative speech difficulties; 
± postoperative eating difficulties; adverse events 

MRI oropharyngeal dimension measurements: 
length of the soft palate (mm); corrected length of 
the soft palate (mm); palatal width at 1 cm (mm); 
palatal width at the thickest part (mm); distance, tip 
of uvula to bottom of sella (mm); post-uvular space 
(mucosa) (mm); post-uvular space (CI–CII) (mm); 
area of the soft palate (cm2); number of patients 
with major, moderate and no/mild changes in T1 
signal intensity

den 
Herder 
2006109

Pre–
post

Tongue base 
RFA (bipolar) 
(mean number 
of sessions = 1.1, 
range 1–2)

9 360 ± 132 days Baseline tests: PSG; endoscopy (sleep)

Participant demographics: age: 45.4 ± 9.7; male: 66%; 
BMI: 26.5 ± 3.8; AHI: 2.5 ± 1.8; ESS: 6.6 ± 6.8; smokers: 
NR

NR ESSc NR

AI, apnoea index; AHI, apnoea/hypopnoea index; BMI, body mass index; CCT, controlled clinical trial; ESS, excessive daytime 
sleepiness score measured by the Epworth Sleepiness Scale, unless otherwise specified; MRI, magnetic resonance imaging; NR, 
not reported; ODI, oxygen desaturation index; PSG, polysomnography; RCT, randomised controlled trial.
a Follow-up duration, age, BMI, AHI and ODI presented as mean ± SD (range) in months, years, kg/m2, events/hour and 

events/hour, respectively, unless otherwise specified.
b Reported as median and range.
c No further results were reported for the subgroup of non-apnoeic snorers only.
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TABLE 26 Summary of study characteristics for studies assessing radiofrequency ablation (RFA)

Study ID
Study 
design Intervention n

Follow-up 
duration Participantsa

Outcomes

PSG parameters Subjective Objective

Stuck 
2005103

RCT 1. Soft palate RFA 
(two sessions; 
total energy 
delivery 3300 J)

2. Placebo 

26 10–14 weeks Baseline tests: PSG; clinical examination; nasendoscopy 
(awake)

Participant demographics: age: 42.6 ± 0.6 (range 27–60); 
male: NR; BMI: NR; AHI: RFA: 5.4 ± 4.6, placebo: 
5.2 ± 3.1; ESS: RFA: 5.4 ± 4.6, placebo: 5.2 ± 3.1; 
smokers: NR

NR Snoring scale score (partner reported); ESS; speech 
problems score; swallowing function score; taste 
score; pharyngeal irritation score

NR

Cartwright 
2000104

CCT 1. Soft palate 
RFA (mean 1.5 
sessions)

2. Oral appliance 
(Snore X) (worn 
at home for 2 
weeks)

20 RFA: 8.9 
months (range 
6–12 months)

Snore X 
appliance: 2 
weeks 

Baseline tests: PSG; clinical examination

Participant demographics: age: RFA: 52.2 ± 10.18, 
oral appliance: 53.1 ± 11.61; male: NR; BMI: RFA: 
28.20 ± 2.93, oral appliance: 30.20 ± 6.30; AHI: RFA: 
5.91 ± 4.31, oral appliance: 4.87 ± 3.97; ESS: NR; 
smokers: NR

AHI Snoring scale score (partner reported); ESS Percentage of sleep time with loud snoring 
(MESAM recording) 

Hukins 
2000105

Pre–
post

Soft palate RFA (3 
sessions) 

20 2 months post 
final treatment 
session

Baseline tests: PSG; lateral cephalometry.

Participant demographics: age: 43.2 ± 11.1; male: 
80%; BMI: 27.1 ± 2.80; AHI: 3.3 ± 3.1; ESS: 8.1 ± 4.0; 
smokers: NR

AHI; AI; sleep 
efficiency; sleep 
arterial saturation; 
nadir sleep arterial 
saturation 

ESS; sleepiness scale score (patient-reported VAS); 
snoring severity scale score (partner reported); 
postoperative pain; swallowing difficulties; speech 
changes; adverse events 

Snoring intensity (dB); cephalometric parameters: 
angle between the sellar point to the nasion line 
and maxillary point; angle between the sellar point 
to the nasion line and mandibular point; posterior 
airspace; maximum soft palate width; distance 
between the posterior nasal spine and the tip of the 
uvula

Boudewyns 
2000106

Pre–
post

Soft palate RFA 
(1–3 sessions 
with mean 
692.3 ± 67.7 J per 
session) 

45 5 months Baseline tests: PSG

Participant demographics: age: 43.7 ± 10.9; male: 86.4%; 
BMI: 26.6 ± 3.2; AHI: 5.1 ± 4.3; ESS: 8.0 ± 5.0; smokers: 
NR

AHI; O2 min Snoring score (partner reported); ESS; percentage 
treatment success; postoperative pain; adverse 
events

NR

Haraldsson 
2002107

Pre–
post

Soft palate RFA 
(3 sessions; total 
energy delivery 
3600 J)

16 10 days 
post each 
procedure

Baseline tests: Apnolog sleep study; clinical examination; 
endoscopy (awake)

Participant demographics: age: 49.4 ± 10.4 (range 26–
67); male: 68.6%; BMI: 26.2 ± 2.0 (range 22–30); AHI: 
NR; ESS: 11.4 ± 5.0; smokers: NR

ODI Snoring severity scale score (partner reported); 
ESS; postoperative pain; mean hypernasality score; 
mean nasal escape score; mean velopharyngeal 
snort score 

Maximum snoring level sound (dB); hypernasality 
score (nasal–oral ratio meter; NORAM) 

Back 
2002108

Pre–
post

Soft palate RFA 
(bipolar) (2 
sessions)

20 3 months and 
9.5 months

Baseline tests: PSG; clinical examination; 
nasopharyngoscopy (awake); cephalometric radiographs; 
MRI

Participant demographics: age: 43 (range 35–63)b; male: 
95%; BMI: 25.7 (range 22.6–34.6)b; AHI: < 5; ESS: 4.5 
(95% CI 1.0–16.7); smokers: NR

NR ESS score; snoring scale score (patient reported); 
snoring scale score (partner reported); percentage 
of patients with successful outcome, significant 
improvement or relapse on snoring scale score 
(patient reported); percentage of patients with 
successful outcome, significant improvement or 
relapse on snoring scale score (partner reported); 
± postoperative pain; ± postoperative swelling 
sensation; ± postoperative speech difficulties; 
± postoperative eating difficulties; adverse events 

MRI oropharyngeal dimension measurements: 
length of the soft palate (mm); corrected length of 
the soft palate (mm); palatal width at 1 cm (mm); 
palatal width at the thickest part (mm); distance, tip 
of uvula to bottom of sella (mm); post-uvular space 
(mucosa) (mm); post-uvular space (CI–CII) (mm); 
area of the soft palate (cm2); number of patients 
with major, moderate and no/mild changes in T1 
signal intensity

den 
Herder 
2006109

Pre–
post

Tongue base 
RFA (bipolar) 
(mean number 
of sessions = 1.1, 
range 1–2)

9 360 ± 132 days Baseline tests: PSG; endoscopy (sleep)

Participant demographics: age: 45.4 ± 9.7; male: 66%; 
BMI: 26.5 ± 3.8; AHI: 2.5 ± 1.8; ESS: 6.6 ± 6.8; smokers: 
NR

NR ESSc NR

AI, apnoea index; AHI, apnoea/hypopnoea index; BMI, body mass index; CCT, controlled clinical trial; ESS, excessive daytime 
sleepiness score measured by the Epworth Sleepiness Scale, unless otherwise specified; MRI, magnetic resonance imaging; NR, 
not reported; ODI, oxygen desaturation index; PSG, polysomnography; RCT, randomised controlled trial.
a Follow-up duration, age, BMI, AHI and ODI presented as mean ± SD (range) in months, years, kg/m2, events/hour and 

events/hour, respectively, unless otherwise specified.
b Reported as median and range.
c No further results were reported for the subgroup of non-apnoeic snorers only.
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treatment period. Consequently, four out of the 
five outcomes assessed were reported as pre-and 
postintervention scores for the RFA group alone, 
with only one outcome reported for both groups 
with a between-group comparison being made. 
The pre–post studies conducted by Hukins and 
colleagues,105 Boudewyns and van de Heyning106 
and Back and colleagues108 all aimed to assess the 
clinical effectiveness and adverse events associated 
with RFA palatoplasty for the treatment of non-
apnoeic snoring. The aim of the study conducted 
by Haraldsson and colleagues107 was to evaluate 
whether RFA tissue reduction is associated with 
voice changes as a result of velopharyngeal 
insufficiency in patients with heavy snoring, 
whereas den Herder and colleagues109 assessed the 
adverse events and complications associated with 
bipolar RFA of the tongue base.

Treatment protocols
There was some variation in treatment protocols 
between the studies. In the RCT by Stuck and 
colleagues103 patients underwent two consecutive 
treatment sessions of either RFA or placebo. 
In the first session three application sites were 
selected, with 600 J delivered to the midline and 
2 × 450 J delivered approximately 1 cm lateral to 
the midline. In the second session four application 
sites were selected (not specified) with 1800 J 
delivered in total. The target temperature was 
85°C, with a total of 3300 J delivered across both 
sessions. Placebo treatment followed the same 
protocol including local anaesthesia. In the placebo 
group the device needle was inserted into the soft 
palate but no RFA energy was delivered. Cartwright 
and colleagues104 in their CCT provided a mean 
number of 1.5 treatment sessions per patient with 
three treatment sites being selected. RFA energy 
was delivered to the midline and to two lateral sites 
at half of the energy level. The total energy level 
delivered per session was not reported. In their 
comparison group patients were fitted with a MAS 
for a 2-week treatment period. The group were 
then assessed using a counterbalanced split-night 
study, with and without the MAS.

The pre–post studies by Hukins and colleagues,105 
Boudewyns and van de Heyning106 and Haraldsson 
and colleagues107 all assessed somnoplasty delivered 
in sequential treatment sessions, with a mean of 
3, 2.7 and 3 sessions used respectively. Hukins 
and colleagues105 treated the middle, distal and 
proximal thirds of the midline palate sequentially 
over their treatment sessions with a mean of 650 J 
delivered per session. Across the sessions the total 
energy delivered was 1950 J. Boudewyn and van 

de Heyning106 also used a protocol of one lesion 
per treatment session, treating the caudal margin 
of the soft palate and the uvula in sequential 
sessions. The mean energy delivered per session 
was 692 J, with a mean total of 1877 J delivered 
across the sessions. The treatment protocol of 
Haraldsson and colleagues107 used a considerably 
higher total energy delivery with three lesions 
being created per session. The midline and each 
side of the soft palate 1 or 2 cm from the lower 
border were selected for treatment, with 600 J and 
300 J delivered to each of the sites respectively. 
The mean total energy per treatment session was 
therefore 1200 J, with a total of 3600 J delivered 
across the three treatment sessions.

In contrast to the other identified studies Back 
and colleagues108 used bipolar RFA (coblation) in 
their treatment protocol. Three sites, including 
the midline and two lateral points on either side, 
were selected for treatment, with the procedure 
conducted in two sessions. The mean energy 
delivery per session, or total energy delivered, 
was not reported. Bipolar RFA of the tongue base 
was evaluated in the treatment protocol of den 
Herder and colleagues.109 This study included 
both patients with a diagnosis of non-apnoeic 
snoring and patients with OSAS, with only pre- and 
postintervention ESS scores reported separately for 
the non-apnoeic snoring subgroup. Six application 
sites with an extension of 3 cm × 3 cm surrounding 
the papilla were selected for treatment. Energy 
was delivered with a probe through the dorsal 
surface of the tongue, with coagulations placed 
at a distance of 1.5–2 cm from each other. The 
mean number of treatment sessions per patient 
was 1.5 (range 1–3), with a total of 504 J delivered 
per treatment session. A summary of the study 
treatment protocols is shown in Table 27.

Outcomes
Across the studies PSG parameter outcomes,104–108 
patient- or partner-reported snoring scale 
scores,103–108 objective measures of snoring 
sound,104,105,107 ESS103,105–107,109,124 and postoperative 
adverse events103,105–108 were reported. Additional 
outcomes included the nasal–oral hypernasality 
score107 and cephalometric parameters.105 Each 
study had assessed a different subset of these 
outcomes, with only some overlap between the 
studies in the outcomes assessed. Moreover, the 
way in which the same outcome had been defined 
and measured was not always consistent between 
the studies for all measures. Further differences 
between the studies in terms of intervention, 
study design and the duration of follow-up meant 
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TABLE 27 Summary of the treatment protocols for studies assessing radiofrequency ablation (RFA)

Study ID
Study 
design n Device No lesions No sessions

Energy per 
session (J)

Total 
energy (J)

Stuck 2004103 RCT 23 1. Somnus;  
2. Placebo

7.0 2.0 1: 1500;  
2: 1800

3300

Cartwright 2000104 CCT 20 1. Somnus;  
2. MAS

NR 1.5 NR NR

Hukins 2000105 Pre–post 20 Somnus 1 3 650 1950

Boudewyns 2000106 Pre–post 45 Somnus 1 2.7 692 1877

Haraldsson 2002107 Pre–post 16 Somnus 3 3 1200 3600

Back 2002108 Pre–post 18 Coblation NR 3 NR NR

den Herder 2006109 Pre–post 9 Coblation 6 1.5 504 756

CCT, controlled clinical trial; NR, not reported; RCT, randomised controlled trial.

that, even when outcomes had been defined and 
assessed in a similar way, such as for partner-
reported snoring intensity and ESS, combining the 
studies in a meta-analysis was not appropriate.

Subjectively assessed snoring 
scale scores and ESS scores
Six of the studies had assessed bed partner-
rated snoring levels using a 10-point VAS, with 
‘no snoring’ and ‘excessive snoring, bed partner 
leaves the room’ or ‘loudest possible snoring’ as 
anchors.103,105–107,124 In the CCT by Cartwright and 
colleagues104 treatment success at 8 weeks’ follow-up 
was defined as a VAS score of 3 or lower. Likewise, 
Boudewyns and van de Heyning106 defined a 
difference of 3 points at follow up as a significant 
improvement, and treatment success as a snoring 
scale score of 3 or less. Back and colleagues108 
assessed both partner- and patient-reported 
snoring levels, with a successful treatment outcome 
being defined as a reduction in patient-reported 
snoring intensity from at least 7 to 0–3 points or 
a reduction in partner-reported snoring levels 
from at least 6 to 0–3 points. An improvement of 
3 points in the scores was considered significant. 
Treatment relapse was defined as a change of 
more than 2 points in the scores between 3 
and 9.5 months after treatment. None of the 
other three studies defined what constituted a 
clinically significant change in partner-assessed 
snoring level.103,105,107 EDS was assessed in all 
seven of the studies using the ESS, with Hukins 
and colleagues105 also assessing this using a 
10-point VAS with ‘no tendency to fall asleep’ and 
‘constantly falling asleep’ as anchors. None of 

the studies defined what constituted a clinically 
meaningful change in levels of ESS.

Objective measures of snoring sound
Cartwright and colleagues104 assessed the 
percentage of time that snoring was loud, soft or 
absent using the MESAM-IV recording device; 
however, no definition of how loud and soft snoring 
were categorised was reported. In the studies by 
Hukins and colleagues105 and Haraldsson and 
colleagues107 objective snoring sound analysis was 
based on the maximum sound intensity; however, 
again, neither study reported what constituted a 
clinically meaningful reduction in snoring sound 
intensity.

Adverse events
Five of the studies examined the incidence of 
postoperative adverse events using either a 10-cm 
VAS, in which 0 = ‘no problems/not affected’ and 
10 = ‘severe problems/severely affected’,103,105–107 or 
a 100-point scale.108 Four of the studies assessed 
postoperative pain levels,105–108 three assessed both 
speech and swallowing difficulties,103,105,108 one 
examined swelling sensation108 and a further study 
also assessed both taste changes and pharyngeal 
irritation.103

Nasal–oral hypernasality score
In the study by Harraldsson and colleagues107  
hypernasality was assessed objectively by use of a 
nasal–oral ratio meter (NORAM), and subjectively 
by evaluation of the speech parameters of 
hypernasality, nasal escape and velopharyngeal 
snort (trained listener rated). These speech 
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TABLE 28 Summary of study quality indicators for controlled studies of radiofrequency ablation (RFA)

Quality criteria Stuck 2005103 Cartwright 2000104

Study design RCT CCT

Eligibility criteria specified? + +

Power calculation performed? + –

Sample size adequate? + ?

Number randomised stated? P NA

Adequate methods of randomisation? + NA

Treatment allocation concealed? + NA

Adequate baseline details presented? – P

Groups similar at baseline? ? P

Baseline imbalances adjusted for in analysis? – –

Similar co-interventions administered? ? ?

Patients blinded to treatment allocation? + –

Outcome assessors blinded to treatment? + ?

Compliance with treatment adequate? + +

Subgroup analysis justified? NA NA

Data collection tools valid? – P

Data collection tools reliable? – P

All participants accounted for? – +

Data analyses appropriate? + +

Analysis conducted on an ITT basis? – +

Greater than 80% of patients followed up? + +

Generalisability P P

Intercentre variability NA NA

?, unclear; +, yes; −, no; NA, not applicable; P, partial; CCT, controlled clinical trial; RCT, randomised controlled trial.

parameters were assessed on a 5-point scale in 
which 1 represented normal and 5 represented a 
severe deviation from normal.

Study quality
The methodological quality of the studies and 
the level of reporting was variable. All studies 
had reasonably well-defined inclusion criteria 
but none provided adequate baseline details on 
participants in terms of smoking status. Treatment 
compliance, when reported, was adequate and 
the rate of attrition low, with all studies achieving 
greater than 80% follow-up. Methods of statistical 
analysis were appropriate in all studies, but the 
reporting of significance levels was not consistent 
in two studies104,107 making it difficult to judge 
the relevance of the point estimates and standard 
deviations presented. The use of subjective 
patient- and partner-reported outcomes for 
levels of snoring intensity may mean that results 

are biased for this outcome, and only three 
studies104,105,107 provided an additional objective 
measure of snoring sound level. Sample sizes in 
all of the studies were small, and the length of 
follow-up generally inadequate to be able to judge 
the longer-term effectiveness of RFA techniques. 
The reporting of postoperative complications was 
variable making it difficult to draw comparisons 
between the studies concerning complication rates. 
Summaries of the study quality indicators are given 
in Table 28 for the controlled studies and in Table 29 
for pre–post studies.

Results
Soft palate radiofrequency 
ablation versus placebo

Stuck and colleagues103 assessed bed partner-rated 
snoring levels, ESS and postoperative adverse 
events in 23 patients (12 in the RFA group and 
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TABLE 29 Summary of study quality indicators for pre–post studies of radiofrequency ablation (RFA)

Quality criteria
Hukins 
2000105

Boudewyns 
2000106

Haraldsson 
2002107

Back  
2002108

den Herder 
2006109

Study design Pre–post Pre–post Pre–post Pre–post Pre–post

Eligibility criteria specified? + + + + +

Adequate baseline details presented? P P P P P

Are any co-interventions stated? NA NA NA NA +

Compliance with treatment adequate? + + + + +

Subgroup analysis justified? NA NA NA NA +

Data collection tools valid? P P P P P

Data collection tools reliable? P P P P P

All participants accounted for? + – + – +

Data analyses appropriate? + + + P +

Greater than 80% of patients followed up? + + + + +

Generalisability P P P P –

Intercentre variability NA NA NA NA NA

+, yes; −, no; NA, not applicable; P, partial.

11 in the placebo group). At 10–14 weeks’ follow-
up, mean bed partner-assessed snoring scores 
remained unchanged in the placebo group with 
a mean preoperative score of 8.4 (SD 1.6) and 
a mean postoperative score of 8.0 (SD 2.3). 
Conversely, scores decreased in the RFA group, 
from a mean preoperative score of 8.1 (SD 1.3) to 
a mean postoperative score of 5.2 (SD 2.4). There 
was a significant difference between the groups for 
the changes in snoring scale scores. EDS improved 
minimally in the placebo group, from 5.2 (SD 3.1) 
to 4.3 (SD 2.7), and to a slightly greater extent in 
the RFA group, from 5.4 (SD 4.6) to 3.9 (SD 3.3). 
The difference in postoperative ESS scores between 
the groups was not significant. Likewise, there were 
no significant differences within the two groups, 
or between the placebo and RFA groups, in VAS 
scores for the functional parameters of speech [1.0 
(SD 1.4) versus 0.7 (SD 1.1); 0.4 (SD 0.8) versus 0.3 
(SD 0.5)], swallowing [0.3 (SD 0.6) versus 0.3 (SD 
0.5); 0.4 (SD 0.6) versus 0.4 (SD 0.5)], taste [0.4 (SD 
0.5) versus 0.4 (SD 0.6); 0.3 (SD 0.7) versus 0.3 (SD 
0.4)] or pharyngeal irritation [0.8 (SD 0.9) versus 
0.6 (SD 1.4); 1.1 (SD 1.0) versus 1.5 (SD 1.8)] pre 
and post treatment respectively.

Soft palate radiofrequency ablation 
versus a mandibular advancement splint
Cartwright and colleagues104 assessed bed partner-
rated snoring levels, the percentage of time that 
snoring was loud, soft or absent during sleep, AHI 

and EDS in 20 patients, 10 of whom underwent 
RFA and 10 of whom were fitted with a MAS. 
For the MAS group only data for the outcome of 
percentage of time that snoring was loud, soft or 
absent during sleep were reported. Consequently, 
for all other outcomes data for the RFA group were 
reported as pre- and postoperative means and the 
differences compared.

There was a significant decrease in partner-rated 
snoring levels in the RFA group, from a mean 
preoperative score of 7.5 (SD 2.5) to a mean 
postoperative score of 2.75 (SD 2.15). Seven of 
the ten patients had a partner-rated score of 
3 or less at follow-up. Results were consistent 
between the group of patients who received one 
treatment only (n = 5) and those who underwent 
two procedures (n = 5), with a significant decrease 
in snoring levels from 6.4 (SD 2.7) to 1.8 (SD 
1.3) and from 8.2 (SD 1.7) to 3.4 (SD 2.6) for the 
treatment groups respectively. Mean AHI scores 
increased from a baseline level of 7.0 (SD 5.8) to 
13.5 (SD 21.8) in the five patients who underwent 
one procedure and from 4.8 (SD 1.9) to 6.3 (SD 
5.7) in those undergoing two. Significance levels 
for the changes were not reported. ESS scores 
decreased in both the group of patients undergoing 
only one procedure and those undergoing two 
procedures, with changes from baseline of 13.4 (SD 
4.7) to 4.2 (SD 2.4) and 6.6 (SD 2.2) to 3.8 (SD1.3) 
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respectively. Again, significance levels for the 
changes were not reported.

In the MAS group the percentage of time that 
snoring was loud decreased from 10.62% (SD 
9.83) without the device to 3.32% (SD 4.7) with the 
device. Comparison between the RFA treatment 
group and the MAS treatment group showed 
that there was no significant difference in the 
percentage of time spent in loud snoring between 
the groups, with 8.03% (SD 10.16) and 3.28% 
(SD 1.46) reported for the groups respectively. 
Comparison of subjective partner-assessed levels 
of snoring and the objective laboratory measure in 
the RFA group showed a non-significant positive 
association between the two measures (r = 0.49) 
indicating only a moderate correlation. No data on 
adverse events were reported.

Soft palate radiofrequency ablation alone
Hukins and colleagues105 assessed subjective and 
objective measures of snoring, levels of daytime 
sleepiness, PSG parameter results, palatal width 
and length, and adverse events. At 2 months’ 
follow-up there was a significant decrease in 
partner-reported snoring levels, from 7.5 (SD 1.5) 
preoperatively to 4.6 (SD 2.5) postoperatively. 
Although 18 of the 20 patients reported some 
improvement in subjective snoring, only eight 
patients reported an improvement of at least 50%. 
Improvements in snoring were observed after 
the first treatment to the middle third of the soft 
plate [6.2 (SD 2.0)] and the second treatment to 
the distal third [4.8 (SD 2.3)] but not after the last 
treatment to the proximal third [4.6 (SD 2.5)]. 
Objective measures of snoring sound intensity did 
not correlate with partner-reported snoring levels, 
with a small significant increase in snoring sound 
intensity observed postoperatively. Levels changed 
from 60.2 dB (SD 3.9) at baseline to 64.9 dB 
(SD 5.3) postoperatively. There was also a slight 
redistribution of snoring intensity, with a significant 
reduction in the proportion of time spent snoring 
in the range of 50–60 dB and an non-significant 
increase in snoring at 40–50 dB.

Levels of daytime sleepiness as measured by 
both the ESS and a 10-point VAS did not change 
significantly from pretreatment levels at post-
treatment follow-up, with changes from 8.1 (SD 
4.0) to 6.7 (SD 4.0) and 3.0 (SD 2.0) to 2.6 (SD 
2.2) respectively. Likewise there were no significant 
differences between pre- and post-treatment scores 
for any of the PSG parameters assessed. AHI scores 
increased slightly from 3.3 (SD 3.1) to 6.6 (SD 
8.1) post treatment, whereas AI scores remained 

constant with a pretreatment score of 19.4 (SD 
7.9) and a post-treatment score of 19.2 (SD 9.6). 
Likewise percentage of sleep efficiency, percentage 
mean sleep SaO2 and percentage nadir sleep SaO2 
remained constant with pretreatment scores of 
82.6% (SD 9.6), 95.7% (SD 1.4) and 83% (SD 3.5), 
respectively, and postoperative scores of 82.5% 
(SD 11.8), 95.6% (SD 1.3) and 86.7% (SD 5.5) 
respectively.

There was no evidence of palatal shortening with 
no significant changes observed in cephalometric 
measures of palatal width and length across the 
treatment period. A summary of the results of the 
cephalometric measurements with the associated 
pre- and post-treatment point estimates is given in 
Table 30.

Levels of postoperative pain, swallowing difficulties 
and speech problems all remained low, although 
there was an non-significant trend for more 
prolonged symptoms after the second treatment. 
Pain scores ranged from 0.8 to 1.7 on day 3 
postoperatively, and from 0.5 to 1.4 on day 7. 
Swallowing difficulty and speech problem scores 
ranged from 0.7 to 1.8 and 0.7 to 1.0 on day 3, and 
from 0.3 to 1.4 and 0.5 to 0.1 on day 7 respectively. 
Mucosal lesions developed in three patients but 
spontaneously healed by 3–5 weeks.

Boudewyns and van de Heyning106 included 45 
patients in their European multicentre trial of 
sequential single-lesion RFA. The total length of 
follow-up was 20 weeks, with pain scores being 
assessed at days 1–3, weeks 1–2 and week 4 
postoperatively. PSG parameters were recorded 
approximately 8 weeks after the last treatment 
session. One patient withdrew from the study.

At 20 weeks’ follow-up there was a small but 
significant reduction in partner-reported levels 
of snoring, with a mean decrease of 3.6 (SD 2.1) 
from baseline levels of 7.6 (SD 2.1) giving a mean 
postoperative snoring index score of 4.0. In 
total, 20 patients (44.4%) were categorised as a 
‘treatment success’, attaining a score of 3 or less, 
with 38 (84.4%) categorised as ‘improved’, showing 
a decrease of 3 points on the scale from baseline. 
An improvement in daytime sleepiness was also 
observed. ESS scores decreased significantly 
from 8.0 (SD 5.0) at baseline to 6.0 (SD 4.3) 
postoperatively. Based on the 37 patients who 
underwent a second PSG at follow-up there were 
no significant changes in the AHI scores [5.1 (SD 
4.3) at baseline versus 5.4 (SD 7.4) at follow-up] 
or in the lowest oxygen saturation during sleep 
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[87.0% (SD 5.4) preoperatively versus 84.9% (SD 
14.6) postoperatively]. Postoperative pain scores 
indicated that patients experienced only low levels 
of pain, with scores of 1.0 (SD 1.4), 0.4 (SD 1.0) 
and 1.0 (SD 1.4) recorded on postoperative days 
1–3, weeks 1–2 and week 4 respectively. A total 
of 29 patients required non-narcotic analgesics, 
one patient required a narcotic analgesic and 
eight patients received steroids for post-treatment 
pain/oedema. The incidence of adverse events 
occurring during the 122 treatment sessions 
was generally low: the incidence rate of mucosal 
erosion was 15.6% (19 events); palatal fistula, uvula 
loss and excessive swelling all occurred with an 
incidence of 0.8% (one event each); and the rate of 
haemorrhage was 1.6% (two events).

Haraldsson and colleagues107 assessed 16 patients 
over a mean follow-up duration of 165 days. At 
this time point there was a significant decrease 
in partner-assessed snoring severity with a drop 
from a mean baseline score of 8.2 (SD 2.9) to 
4.1 (SD 2.5) postoperatively. Objective snoring 
measurement showed that the maximum snoring 
level sound decreased by 7 dB from 53 dB at 
baseline to 45 dB at follow-up. The significance of 
the change was not reported. There was also a non-
significant decrease in ESS scores, from a baseline 
mean of 11.4 (SD 5.0) to a postoperative mean 
of 8.2 (SD 4.4). There was no evidence of voice 
changes as a result of velopharyngeal insufficiency 
on either objective measures of NORAM analysis 
or subjective listener-rated scales. NORAM analysis 
scores were well below 10% in all patients, with 
a mean of 3.9 (95% CI 1.4–6.0) at baseline and 
3.1 (95% CI 0.6–5.7) at follow-up. The listener-
rated parameters of hypernasality, nasal escape 
and velopharyngeal snort did not change from 

baseline to follow-up, with all indices being scored 
as 1 (normal) at both time points. Visual analogue 
pain scores indicated that patients experienced 
a moderate amount of pain and discomfort, with 
a mean maximum pain score of 4.0 (SD 2.6) 
observed, which lasted for an average of 4.4 (SD 
4.9) days. There was also an additional number of 
adverse events reported. Three patients sustained 
blanching at treatment 1, two patients developed 
ulcerations after the last treatment session, two 
patients complained of increased soft palate 
hyperreflexia and two patients sustained an otalgia.

Bipolar radiofrequency ablation alone
Back and colleagues108 assessed the effects of 
bipolar RFA (coblation) in 20 patients over a 
median follow-up period of 9.5 months (range 
9–11.5 months). MRI oropharyngeal dimension 
measurements were assessed at 3 months’ follow-
up, subjective snoring and daytime sleepiness 
were assessed at both 3 months’ and a median of 
9.5 months’ follow-up, and adverse events were 
assessed for the first 2 weeks postoperatively. 
One patient failed to complete the assessments of 
subjective snoring severity and ESS, and a second 
failed to submit the partner-assessed questionnaire. 
Results were therefore based on a sample size of 
between 18 and 20 patients.

Patient-reported snoring severity decreased 
significantly from a median baseline level of 9.0 
(95% CI 5–10) to a median level of 4.0 (95% CI 
2–7) at 3 months’ follow-up and a median level of 
5.0 (95% CI 2–10) at 9.5 months’ follow-up. Similar 
trends were observed for bed partner-reported 
snoring severity, with a decrease from a median 
baseline value of 6.5 (95% CI 5–8) to 4.0 (95% CI 
1–8) and 5.0 (95% CI 1–7) at 3 and 9.5 months’ 

TABLE 30 Cephalometric measures of palatal width and length reported in Hukins and colleagues105

Cephalometric parameters Pre Post p-value

Angle between the sellar point to the nasion line and maxillary 
point (mean ± SD) (°)

80.2 ± 4.5 79.5 ± 4.8 NS

Angle between the sellar point to the nasion line and 
mandibular point (mean ± SD) (°)

77.7 ± 5.3 77.4 ± 5.4 NS

Posterior airspace (mean ± SD) (mm)a 6.45 ± 2.41 4.80 ± 2.19 NS

Maximum soft palate width (mean ± SD) (mm) 10.11 ± 1.97 9.34 ± 2.19 NS

Distance between the posterior nasal spine and the tip of the 
uvula (mean ± SD) (mm)

38.17 ± 2.39 37.00 ± 2.77 NS

NS, not significant
a Posterior airspace is the minimum distance between the posterior pharyngeal wall and the soft palate.
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follow-up respectively. Patient- and bed partner-
reported snoring severity questionnaire results 
from before treatment and at 3 and 9.5 months’ 
follow-up were significantly correlated (r = 0.79). 
When patient-reported snoring severity levels were 
assessed according to the criteria of significant 
improvement, successful outcome and relapse, 11 
(58%) patients had a significant improvement and 
six (32%) had a successful treatment outcome at 
3 months’ follow-up. At the 9.5-month follow-up 
12 (63%) had achieved a significant improvement, 
seven (37%) had a successful outcome and four 
(21%) had relapsed. Assessment of bed partner 
snoring severity scores showed that, at the 3-month 
follow-up, seven (39%) patients had achieved 
a significant improvement and six (33%) had a 
successful treatment outcome. At the 9.5-month 
follow-up six (33%) were classified as having a 
significant improvement, five (28%) as having 
a successful outcome and one (6%) as having 
relapsed.

A significant decrease in ESS scores was observed, 
from a median value of 4.5 (95% CI 1.0–16.7) to 
median values of 2.0 (95% CI 0–8) at the 3-month 
follow-up and 3.5 (95% CI 0–8) at the 9.5-month 
follow-up. Changes in MRI oropharyngeal 
dimension measurements from baseline to 3 
months showed a significant change in the distance 
between the tip of the uvula and the bottom of the 
stella, indicating a retraction of the uvula, from a 
median of 57.5 mm (95% CI 54–59) at baseline to 

a median of 55.5 mm (95% CI 51–57) at follow-up. 
There were no significant differences observed 
for any other MRI dimension measurements of 
the soft palate. Changes in T1 signal intensity, 
reflecting fibroid scar formation of the soft 
palate, were assessed, with major changes in nine 
patients, moderate changes in four patients and 
no/mild changes in six patients. The changes did 
not correlate significantly with the changes in 
the patient- and partner-assessed questionnaires 
over the first 3 months post treatment, with a 
correlation of r = –0.196 between patient-reported 
snoring intensity results and T1 signal changes 
and a correlation of r = –0.156 between bed 
partner-reported snoring intensity and T1 signal 
parameters. There was also no correlation between 
changes in ESS scores and T1 signal intensity 
changes (r = 0.064). A summary of the pre- and 
postoperative soft palate measurements and T1 
signal intensity changes is shown in Table 31.

Postoperative pain scores in the study were 
highest immediately after treatment and gradually 
decreased during the 2-week follow-up period. 
Median pain scores of 46 (95% CI 13–92) at day 
1 decreased to a median of 2 (95% CI 0–43) at 
the 7-day follow-up and then increased at day 11 
(second procedure) to a median of 49 (95% CI 
11.5–98) and decreased again to a median of 3 
(95% CI 0–28) by day 17. Minor transient changes 
in speech, swallowing difficulties and problems 
eating also showed the same trend with a rapid 

TABLE 31 Oropharyngeal dimension measurement results reported by Back and colleagues108

Prea Posta p-value

Length of the soft palate (mm) 42 (39–44) 42 (38–44) NS

Corrected length of the soft palate (mm) 44 (41–46) 44 (42–47) NS

Palatal width at 1 cm (mm) 11 (10–11) 10.5 (10–11) NS

Palatal width at the thickest part (mm) 11 (11–12) 11 (11–12) NS

Distance, tip of uvula to bottom of sella (mm) 57.5 (54–59) 55.5 (51–57) NS

Postuvular space (mucosa) (mm) 5 (4–6) 5 (4–6) NS

Postuvular space (CI–CII) (mm) 14 (11–16) 13 (11–14) NS

Area of the soft palate (cm2) 12.4 (11.4–13.5) 12.55 (11.7–13.8) NS

T1 signal intensity (n)

Major changes 9
Moderate changes 4
No/mild changes 6

a Data are given as median values (95% CI)
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decrease in scores by day 7 post treatment. The 
use of medication for pain was low, with a median 
of 2 (95% CI 1–7; range 0–27) doses during the 
2-week postoperative period. One patient received 
corticosteroids for postoperative swelling and 
four required antibiotics for abscess caused by the 
insertion pointer. Additionally, mucosal blanchings 
of 5 mm and 10 mm in size were developed by 
six and two patients respectively. The blanchings 
correlated with the use of medication for pain 
(r = 0.88) but not with the use of antibiotics 
(r = 0.36). There was no sign left of the blanchings 
at the 3-month treatment follow-up. At the first 
follow-up four patients complained of a swelling 
sensation in the throat, and at 9.5 months’ follow-
up two still retained the swelling sensation.

Tongue base radiofrequency ablation alone
den Herder and colleagues109 assessed bipolar 
RFA (coblation) of the tongue base in a mixed 
population of patients with a diagnosis of non-
apnoeic snoring and patients with a diagnosis of 
OSAS. Only the outcome of daytime sleepiness 
assessed by means of the ESS was reported 
separately for the subgroup of non-apnoeic 
snorers. At a mean follow-up duration of 1 year, 
ESS scores had significantly decreased from a 
baseline mean of 6.6 (SD 6.8) to 2.4 (SD 3.4). No 
postoperative complications such as infections, 
abscess, haematoma or ulcerations of the tongue 
base occurred.

A summary of the study results for subjectively 
assessed snoring and ESS outcomes, objectively 
assessed snoring measurements and PSG 
parameter outcomes are displayed in Tables 32–34 
respectively. A further summary table of the key 
study results is displayed in Table 35.

Summary of results
Six studies assessed the effects of RFA of the soft 
palate (somnoplasty) and one the effects of RFA of 
the tongue base. The available evidence consisted 
of one RCT, one CCT and five pre–post studies. All 
of the studies were small with a median sample size 
of 20. In total, the available evidence for the effects 
of RFA is based on results from 151 participants. 
The duration of follow-up across the studies ranged 
from 10 weeks to 1 year and therefore there is 
limited evidence on the longer-term effectiveness 
of RFA for the treatment of snoring and no 
evidence for durations greater than 1 year. Results 
from one pre–post study with follow-up times of 3 
and 9.5 months postoperatively showed a relapse 
rate of between 6% and 21% based on bed partner- 
and patient-reported snoring severity scores.108 

The potential for relapse and a less significant 
treatment benefit at longer postoperative times 
needs to be borne in mind when interpreting 
results on the effects of RFA from studies with a 
short follow-up duration.

Radiofrequency ablation 
of the soft palate
Patient- and partner-reported snoring severity
All six studies reported a significant post-treatment 
decrease in partner-rated snoring severity, 
with a decrease from a mean range of 6.5–8.4 
preoperatively to a mean range of 2.75–5.2 post-
treatment.103–108 The unweighted mean change in 
pre- and post-treatment scores across the studies 
was 3.24. Only one study reported a mean VAS 
score of less than 3 for partner-reported snoring 
severity, but there was only a moderate correlation 
between partner-assessed snoring severity and 
objective measures of the percentage of time spent 
in loud snoring in this study.104 The percentage of 
patients who achieved a decrease in VAS score of 3 
points ranged from 28% to 70% in the three studies 
reporting this outcome.104,106,108 When compared 
with placebo there was a significant treatment 
benefit of RFA for partner-reported snoring 
severity.

Epworth Sleepiness Scale
All studies reported a decrease in ESS scores 
from baseline. In two of the studies106,108 this was 
reported to be significant and in three103,105,107 it 
was not significant. One study did not report any 
significance value for the change.104 However, 
as mean ESS scale scores were within the range 
considered normal at baseline in four of the six 
studies little change would be expected.103,105,106,108 
In two of the studies104,107 baseline scores were 
within the range of mild daytime sleepiness. In 
both studies post-treatment scores were within the 
range considered normal.104,107

Objective measures of snoring sound
Snoring sound was measured objectively in three 
studies.104,105,107 The results were not consistent 
between the studies for this outcome. In one 
study104 there was no significant difference 
between the percentage of time spent in loud 
snoring with RFA and the percentage of time 
spent in loud snoring with use of a MAS. The 
results for this study indicated only a moderate 
correlation between the percentage of time spent 
in loud snoring and partner-reported snoring 
severity levels.104 In the second study105 there was 
a significant, but clinically irrelevant, increase 
in snoring sound intensity, and no correlation 
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between objective measures of sound and partner-
reported snoring levels. In the third study,107 
although a decrease in the maximum snoring 
sound level was found, the significance level for the 
decrease of 7 dB was not reported.

Polysomnographic parameter outcomes
There were no significant differences in pre-and 
postoperative PSG parameter outcomes when these 
were assessed. However, in one study104 AHI scores 
increased postoperatively to a level within the 
range of mild OSAS. No significance level for the 
increase in AHI scores was reported.

Cephalometric measurements of 
palatal width and length
Based on the results from one study105 there was no 
evidence of any changes in palatal width or length 
postoperatively with RFA.

Magnetic resonance imaging of 
oropharyngeal dimension measurements
There was limited evidence from one study of 
a significant retraction of the uvula with RFA 
treatment, as measured by the distance between 
the tip of the uvula to the bottom of the sella. No 
further significant changes in palatal width, length 
or post-uvular space were found.

Adverse events
Voice changes Based on results from one study107 
including both objective and subjectively rated 
outcomes there was no evidence that RFA adversely 
affects the voice as a result of velopharyngeal 
insufficiency.

Postoperative pain, swallowing, speech, taste and 
pharyngeal irritation Postoperative pain was rated 
as low in three studies103,105,106 and moderate in 
two.107,108 When RFA was compared with placebo 
there were no significant differences between the 
groups on measures of either pain, taste, speech 
or pharyngeal irritation.103 Similar low levels 
of adverse effects on these outcomes were also 
reported in a second study.105

Other adverse events Only three studies106–108 
reported the rates of other adverse effects of 
treatment, limiting any comparisons that can be 
drawn between the studies. Furthermore, there was 
little consistency in the way that adverse events 
were defined, further limiting any comparisons 
that could be made. The percentage of mucosal 

blanchings and erosions ranged from 15.6% 
to 40% across three studies.106–108 The rate of 
moderate adverse effects was generally low, 
with palatal fistula, uvula loss and excessive 
swelling all occurring in 0.8% of procedures106 
and haemorrhage in 1.6%.105 Rates of palate 
hyperreflexia and otalgia were both higher, 
occurring in 12.5% of all procedures.107

Radiofrequency ablation 
of the tongue base
Epworth Sleepiness Scale
Based on the limited results reported in one 
study109 there was a significant decrease in ESS 
scores post treatment with bipolar RFA of the 
tongue base.

Adverse events
In one study109 no postoperative infections, abscess, 
haematoma or ulcerations of the tongue base were 
observed with bipolar RFA.

Conclusions

From the small number of studies available the 
evidence suggests that at 1 year of follow-up after 
RFA of the soft palate there is a significant decrease 
in partner-reported levels of snoring severity. 
However, any treatment benefit with RFA may only 
be moderate as an unweighted mean decrease of 
only 3.24 points was observed for partner-reported 
snoring levels. Additionally, relapse rates may be 
quite high at longer follow-up times. There is no 
strong evidence to suggest that subjectively assessed 
partner-reported snoring levels are correlated with 
objective measures of snoring sound intensity. In 
all studies treatment with RFA had a positive effect 
on levels of ESS but in only two studies did these 
reach statistical significance. However, this is likely 
to be a reflection of the fact that patients’ baseline 
levels of ESS were within the range considered 
normal, and therefore a floor effect would be in 
operation. The majority of the available evidence 
suggests that RFA has no detrimental or positive 
effects upon any PSG parameters, such as AHI or 
sleep oxygen saturation levels. Additionally, there 
was no evidence either from cephalometric or from 
MRI-assessed measurements of the palate that RFA 
has any overall significant effect on palatal width 
or length. No serious adverse events were reported 
and overall complication rates across the studies 
were low.



DOI: 10.3310/hta13030 Health Technology Assessment 2009; Vol. 13: No. 3

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

67

Palatal stiffening techniques
Quantity and quality 
of the studies
Five studies reported in six publications assessed 
the effects of palatal stiffening techniques for 
palatal flutter snoring.97–102 Four studies assessed 
palatal implants and one assessed injection 
snoreplasty. The available evidence base consisted 
of one small RCT that evaluated the effects of 
increased rigidity in palatal implants97 and four 
pre–post studies, three of which assessed palatal 
implants98–101 and one that assessed injection 
snoreplasty.102

Overall across the studies a total of 134 participants 
were included. Study sample size was small 
ranging from 12 to 40 with a median of 27. In 
the four studies that assessed palatal stiffening 
techniques97–101 the duration of follow-up ranged 
from 3 to 12 months. In the study by Brietzke and 
Mair102 that assessed injection snoreplasty follow-up 
was at 10 days post each treatment.

In all five studies patients had undergone either 
PSG or oximetry at baseline to rule out OSAS.97–102 
Additionally, clinical examination to assess the site 
of airway narrowing had been performed in all 
five studies.97–102 Other tests used in conjunction 
with examination were awake endoscopy,99,100,102 
fibreoptic nasopharyngolaryngoscopy,97 fibreoptic 
laryngoscopy in conjunction with indirect 
layngoscopy98 and measurement of the soft 
palate size and uvula width.101 The mean age of 
the participants across the studies was 38–41.1 
years, with a range of 24–72 years. In the four 
studies reporting the gender composition of their 
study sample the percentage of male participants 
ranged from 60% to 100%.97,98,101,102 Mean 
baseline BMI in four studies ranged from 25.1 kg/
m2 to 26.1 kg/m2 with a range of 20.2–29.7 kg/
m2, indicating that the majority of patients were 
overweight but not obese.97–101 Mean ESS scores 
were within general population norms ranging 
from 6.1 to 9.3 in the three studies reporting 
baseline sleepiness levels.98–101 None of the studies 
reported the number of smokers or levels of 
alcohol consumption. A summary of the study 
characteristics of the five studies on palatal 
stiffening techniques is presented in Table 36.

Across the four studies assessing the effects of 
palatal implants the aims, objectives and treatment 
protocols were similar.97–101 In the small RCT by 
Skjostad and colleagues97 the objective was to assess 
the safety and efficacy of the use of more rigid 

implants (rigidity 1.8) compared with standard 
implants (rigidity 1.0). The two effectiveness 
outcomes assessed were analysed as the difference 
between pre- and postoperative means for the two 
treatment groups separately, with comparisons 
between groups only being conducted for the 
number of extrusions. The aim of all three of 
the pre–post studies conducted by Nordgard 
and colleagues,98 Maurer and colleagues99 and 
Ho and colleagues101 was to assess the safety and 
effectiveness of Pillar implants for the treatment 
of primary snoring. The treatment protocol in all 
three studies consisted of three implants, with the 
first inserted in the midline at the trailing edge 
of the hard palate and the other two inserted 
approximately 5 mm laterally to the midline on 
each side. In all studies treatment was undertaken 
as one procedure under local anaesthesia. When 
reported (in two studies97,98) the mean operative 
time was approximately 8 minutes. Only one of 
the studies99,100 reported the need for a second 
procedure because of implant extrusion.

Brietzke and colleagues102 aimed to assess the 
effects of injection snoreplasty in their pre–post 
study. The treatment protocol consisted of a first 
injection to the soft palate midline of 2.0 ml of 
1% sodium tetradecyl sulphate (10 mg/ml). For 
repeat procedures 3% Sotradecol (Bioniche 
Pharma; 30 mg/ml) was generally used and the site 
of injection modified to include the lateral areas 
of the soft palate as well as those not adequately 
stiffened by the previous procedure. Treatment 
sessions were performed 6–8 weeks apart, with 
a mean of 1.8 sessions per patient (range 1–4). 
Patients were followed up for 10 days post each 
procedure.

Outcomes
Across the studies PSG parameter outcomes,98–101 
partner-reported snoring scale scores,97–101 patient 
and partner satisfaction ratings,97 the number of 
patients successfully treated,98,102 ESS scores98–101 
and the effect of snoring on the sleep of family 
members101 had been reported. Additional outcome 
measures were objective measures of snoring 
sound,99,100,102 postoperative adverse events98–100,102 
and the number of implant extrusions.97–100 
The studies had each assessed a subset of these 
outcomes, with a focus on subjectively assessed 
measures.

Subjectively assessed snoring outcomes 
and Epworth Sleepiness Scale scores
Three of the studies97–100 assessed partner-reported 
snoring scale scores measured on an 11-point or 
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a 10-cm VAS, with the anchors of 0 (no snoring) 
and 10 (an intensity that causes bed partner to 
leave the room); in a further study a 100-point 
scale had been used.101 Maurer and colleagues99,127 
defined a decrease or increase of less than 1 cm on 
the VAS as unchanged, a decrease of more than 
1 cm as a response, and any increase greater than 
1 cm as a non-response. A decrease to less than 
3 cm was defined as a success. Additionally, if there 
was an initial response to treatment at day 90, an 
increase of 3 cm after 1 year was considered as a 
relapse. None of the other three studies defined 
what constituted a clinically significant change in 
partner-assessed snoring level.97,98,101

Skjostad and colleagues97 assessed patient 
and partner satisfaction with treatment using 
a categorical scale, with response options of 
‘would recommend treatment‘, ‘undecided’ and 
‘would not recommend treatment‘, and Norgard 
and colleagues98 assessed patient and partner 
satisfaction according to whether treatment 
would be recommended. Brietzke and Mair102 
defined successful treatment of snoring as a 
rating of ‘snoring is gone’ or ‘snoring is no longer 
a problem’ by either the patient or their bed 
partner. Ho and colleagues101 additionally assessed 
the effect of snoring on family members using a 
categorical scale with the response options of ‘no 
snoring’, ‘mild snoring only’, ‘affects spouse only’, 
‘affects whole family’ and ‘heard outside the house’, 
and the number of nights the bed partner had to 
leave the room because of loud snoring with the 
options of ‘0’, ‘1–2 nights’, ‘3–4 nights’, ‘5–6 nights’ 
and ‘7 nights’ in a week.

In the three studies97–100 that assessed EDS the ESS 
had been used.

Objective measures of snoring sound
Maurer and colleagues99,100 assessed the number 
of snores per hour and the maximum loudness 
of snoring, whereas Brietze and Mair102 assessed 
the fundamental frequency of involuntary palatal 
flutter snoring whilst awake by use of a stroboscope.

Adverse events
Three of the studies98–100,102 assessed the incidence 
of postoperative adverse events using a 10-cm VAS, 
in which 0 was ‘no problems/not affected’ and 10 
was ‘severe problems/severely affected’. All three 
of the studies assessed postoperative pain levels, 
whereas two studies98–100 additionally examined 
speech problems and swallowing difficulties.

Study quality

Study quality was generally poor, with small sample 
sizes. All of the studies had reasonably well-defined 
inclusion criteria, but only two studies reported 
adequate baseline details on the participants.99–101 
Treatment compliance across the studies was good, 
with three studies97,98,101 additionally reporting 
the level of postoperative BMI for participants. 
The duration of follow-up was adequate in all 
studies, allowing for the process of fibrosis to be 
complete. However, the use of subjective patient- 
and partner-reported outcomes for levels of 
snoring severity may mean that results are biased 
for this outcome. Dropout rates were relatively 
high, particularly for the objectively assessed PSG 
parameter and snoring sound indices outcomes. In 
two studies99–101 the rate of follow-up achieved was 
less than 80% for some outcome measures. Data 
analyses, when conducted, were appropriate in all 
studies. A summary of study quality indicators is 
shown in Table 37 for the RCT and in Table 38 for 
the pre–post studies.

Results
Palatal implants
Rigid implants versus regular implants

Skjostad and colleagues97 assessed the effects 
of rigid implants versus regular implants in 20 
patients. At 180 days’ follow-up there was a non-
significant overall reduction in bed partner-rated 
snoring levels in the rigid implant group, from 
8.1 to a postoperative mean of 6.1. In contrast, in 
the regular implant group there was a significant 
reduction from 7.7 to 4.7. No measure of variance 
was reported and no between-group comparison 
was conducted.

In the rigid implant patient group only two of 
the ten patients (20%) were satisfied and would 
recommend the procedure, six (60%) were 
undecided and two (20%) would not recommend 
the procedure. In the standard implant patient 
group eight of the ten patients (80%) were satisfied 
and would recommend the procedure and two 
(20%) were undecided. Of the bed partners, two 
of the ten partners (20%) in the rigid implant 
group would recommend the procedure, three 
(30%) were undecided and five (50%) would not 
recommend treatment. In the standard implant 
group five of the partners (50%) would recommend 
the procedure, four (40%) were undecided and one 
(10%) would not recommend it. No between-group 
comparisons were conducted.
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TABLE 37 Summary of study quality indicators for the randomised controlled trial (RCT) of palatal stiffening techniques

Quality criteria Skjostad 200697

Study design RCT

Eligibility criteria specified? +

Power calculation performed? –

Sample size adequate? ?

Number randomised stated? +

Adequate methods of randomisation? ?

Treatment allocation concealed? ?

Adequate baseline details presented? P

Groups similar at baseline? ?

Baseline imbalances adjusted for in analysis? ?

Similar co-interventions administered? NA

Patients blinded to treatment allocation? +

Outcome assessors blinded to treatment? ?

Compliance with treatment adequate? +

Subgroup analysis justified? NA

Data collection tools valid? –

Data collection tools reliable? –

All participants accounted for? +

Data analyses appropriate? +

Analysis conducted on an ITT basis? +

Greater than 80% of patients followed up? +

Generalisability P

Intercentre variability NA

?, unclear; +, yes; −, no; NA, not applicable; P, partial; RCT, randomised controlled trial.

Overall, four patients reported a total of five partial 
implant extrusions. All of the extrusions were 
laterally positioned and occurred in the group 
with rigid implants. No extrusions were observed 
in the standard implant group. The mean time 
of postoperative analgesic consumption was 0.95 
days, with 11 (55%) patients not requiring any 
postoperative pain relief.

Regular implants alone
Nordgard and colleagues98 followed up 35 patients 
over a 1-year period, with assessments conducted 
at days 2, 14, 30, 80, 180 and 360 postoperatively. 
Postoperative adverse events were recorded for the 
first 30 days post treatment. One patient withdrew 
from the study because of tonsillectomy, and 30/34 
underwent PSG at final follow-up.

At final follow-up there was a significant reduction 
in bed partner-reported snoring intensity scores, 
from a mean of 7.1 (SD 2.1) at baseline to 4.8 (SD 
3.1). This corresponded to 17/34 (50%) patients 
having achieved a final VAS snoring score of less 
than or equal to 5. Eight of these patients (23.5%) 
had a final VAS score of less than 3. Mean ESS 
scores also decreased significantly from baseline 
levels of 9.3 (SD 4.1) to 5.6 (SD 3.8) at final follow-
up. At 6-months’ follow-up 82.3% (28/34) of the 
partners and 91.2% (31/34) of the patients were 
satisfied with the treatment outcome. At final 
follow-up this had decreased to 70.6% (24/34) 
of partners and 79.7% (27/34) of patients being 
satisfied with postoperative snoring levels. This 
difference in levels of satisfaction between the 6- 
and 12-month follow-ups equated to a recurrence 
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TABLE 38 Summary of study quality indicators for pre–post studies of palatal stiffening techniques

Quality criteria Nordgard 200698 Maurer 200599,100 Ho 2004101 Brietzke 2001102

Study design Pre–post Pre–post Pre–post Pre–post

Eligibility criteria specified? + + P P

Adequate baseline details presented? P + + P

Are any co-interventions stated? NA NA NA NA

Compliance with treatment adequate? + + + +

Subgroup analysis justified? NA NA NA NA

Data collection tools valid? P P P –

Data collection tools reliable? P P P –

All participants accounted for? – – – +

Data analyses appropriate? + + + NA

Greater than 80% of patients followed up? + – – +

Generalisability + + P P

Intercentre variability NA NA NA NA

+, yes; −, no; NA, not applicable; P, partial.

rate (patients no longer fulfilling the criteria for 
success) of 14.3% (4/28) for partners and 12.9% 
(4/31) for patients.

Based on 30 patients there was no significant 
change in the mean AHI, with the baseline score 
being 2.2 (SD 2.3) and the final follow-up score 
3.3 (SD 3.8). Postoperative pain scores peaked 
on day 2 post treatment and declined by days 14 
and 30, with mean scores of 2.0, 0.9 and 0.7 for 
each follow-up time respectively. The mean scores 
for both postoperative speech and postoperative 
swallowing difficulties followed a similar trend to 
that for postoperative pain scores. Mean scores 
for days 2, 14 and 30 were 3.0 and 0.9, 0.7 and 
0.5, and 0.4 and 0.2 for swallowing and speech 
difficulties respectively. On average, patients 
took prescribed analgesics for 1.3 days after the 
procedure (range 0–6 days), with a mean total dose 
of 2.1 pills of diclofenac 50 mg (range 0–15 pills). 
The incidence of mild oedema at the base of the 
uvula was 2.8% (n = 1). No bleeding, haematoma or 
infection was observed either during the procedure 
or in the follow-up period. During follow-up 
17.6% of patients had a partial implant extrusion 
of a total of eight implants (8.8%). All extrusions 
occurred laterally.

Maurer and colleagues99,127 assessed 40 patients 
over 1 year with follow-up times of 90, 180 and 
360 days. PSG and SNAP (SNAP Laboratories, 

Glenview, IL) snoring sound recordings were 
performed at baseline and at day 90, whereas 
subjective snoring evaluation was additionally 
assessed at days 180 and 360. There was no pain 
evaluation before the procedure, with baseline pain 
scores being recorded at day 2 postoperatively. 
Attrition rates were 8/40 patients at all time points 
for the partner-assessed snoring level scores and 
19/40 patients for both baseline and day 90 SNAP 
snoring sound recordings.

Based on results from 32 patients, partner-
assessed snoring levels significantly decreased 
after treatment, from a mean of 7.1 (SD 2.1) at 
baseline to a mean of 4.2 (SD 2.7) at 3 months 
and 4.0 (SD 2.5) and 4.8 (SD 2.6) at 6 and 12 
months respectively. The mean VAS reduction 
compared with baseline was 2.2 (SD 2.5) after 1 
year. Successful treatment (a score of less than 3 cm) 
was achieved in 13 patients (41%) 90 days after the 
procedure, in 11 patients (34%) at day 180, and 
in seven patients (22%) after 1 year. A response 
(a decrease of 1 cm of more) was achieved in 23 
patients (72%) at 90 days, in 20 patients (63%) at 6 
months, and in 22 patients (69%) at final follow-up. 
An increase of more than 3 points after 1 year was 
observed in one patient. Comparison of the 1-year 
VAS scores with the 90-day scores indicated that 17 
patients (53%) were unchanged, two patients (6%) 
had a further improvement of more than 3 points, 
and four patients (12.5%) had a relapse. ESS scores 
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TABLE 39 SNAP snoring sound parameter resultsa reported by Maurer and colleagues99,127 

Parameter Pre Post p-value

Snoring index (events/hour) 273 ± 178 276 ± 172 NS

Primary vibration frequency (Hz) 107 ± 59 110 ± 59 NS

Palatal vibration frequency (Hz) 82 ± 19 80 ± 30 NS

Velum-like snores types I and II (%) 81 ± 25 85 ± 24 NS

Resistance occurrence index (%) 25 ± 16 23 ± 14 < 0.05

Maximum relative loudness (dB) 15 ± 7 16 ± 6 NS

NS, not significant.
a Data presented as mean ± SD.

also decreased significantly from a baseline mean 
of 6.1 (SD 3.2) to a mean of 4.3 (SD 3.3) at day 90. 
They then increased slightly to a mean of 4.9 (SD 
3.1) at 1 year but remained significantly different 
from baseline.

AHI scores increased significantly from a baseline 
mean of 3.7 (SD 2.3) to 5.5 (SD 5.4) at the 90-
day follow-up. This was reflected by a significant 
increase in mean HI (hypopnoea index) score from 
3.0 (SD 2.2) to 4.5 (SD 4.7) and an insignificant 
increase in mean AI score from 0.7 (SD 0.8) to 
1.1 (SD 1.4). There were no significant changes in 
the ODI [3.4 (SD 2.9) versus 5.3 (SD 5.1)], mean 
oxygen saturation during recording [94.6 (SD 1.8) 
versus 94.3 (SD 1.7)] or sleep efficiency [88.2 (SD 
8.1) versus 8.7 (SD 12.1)] from baseline to the 90-
day follow-up. A significant decrease in minimal 
oxygen saturation during the recording from 89.8 
(SD 4.1) at baseline to 87.1 (SD 5.8) at follow-up 
was observed.

None of the objectively assessed SNAP snoring 
sound parameters changed significantly from 
baseline to the 90-day follow-up based on the 
results of 21 patients. A summary of the SNAP 
snoring sound parameter results with associated 
mean pre- and post-treatment point estimates is 
given in Table 39.

At the 90-day follow-up postoperative pain and 
speech difficulty scores both decreased significantly 
from mean baseline levels of 4.9 (SD 3.3) and 
0.7 (SD 1.8) to 0.2 (SD 0.6) and 0.1 (SD 0.2) 
respectively. There was no significant change 
in swallowing difficulty scores, with a mean of 
0.4 (SD 0.6) at baseline and a mean of 0.1 (SD 
0.4) at follow-up. No surgical or postoperative 
complications were observed in the first 2 weeks 

post treatment. In ten patients a total of 13 
implants (11%) partially extruded.

Ho and colleagues101 examined partner-reported 
snoring levels, the effect of snoring on the sleep 
of family members, the number of nights per 
week that the bed partner was required to leave 
the room because of snoring, AHI and daytime 
sleepiness levels in 13 patients. Objective SNAP 
snoring sound parameters were also assessed in five 
patients but no group mean data were reported. 
Two patients experienced extrusion of the implants 
and one patient was lost to follow-up. The results 
were therefore based on the nine male patients who 
completed the study.

At 3 months’ follow-up there was a significant 
decrease in partner-reported snoring levels, from a 
pretreatment mean of 79 (SD 17.2) to 48 (SD 20.4) 
postoperatively. There was also a trend towards 
fewer disturbances to family members’ sleep at 
follow-up compared with baseline. At baseline no 
partners reported that snoring was either absent 
or only mild, six partners reported that it affected 
only their sleep without disturbing other household 
members, and three reported that it was so loud 
it could be heard outside the house. At follow-up, 
five partners reported that snoring was now mild 
and four reported that it disturbed only their 
sleep without affecting other household members. 
Likewise, there was a trend towards a fewer number 
of nights per week that the bed partner needed 
to leave the room because of snoring. At baseline, 
three partners reported that they did not have to 
leave the room because of snoring, three reported 
that they needed to leave the room 1–2 nights per 
week and one each reported leaving on average 
3–4 nights, 5–6 nights and 7 nights per week 
respectively. At follow-up, six partners reported 
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that they did not now need to leave the room, one 
reported that they left 1–2 nights per week and two 
reported that they left 3–4 nights.

There was also a significant reduction in ESS scores 
from a baseline mean of 8.9 (SD 5.6) to 5.7 (SD 5.6) 
at 3 months. AHI scores increased slightly from 
4.8 (SD 5.7) at baseline to 8.3 (SD 11.5) at follow-
up, but the increase was not significant. Likewise, 
BMI did not change significantly across the follow-
up period. There was no delayed postoperative 
bleeding or wound infection. Overall, extrusions 
occurred in 16.7% of 12 patients and in 8.8% of the 
34 implants deployed.

Injection snoreplasty alone
In the pre–post study by Brietzke and Mair102 
the duration of follow-up was 10 days post each 
procedure, but varied according to the number of 
treatment sessions, with a mean of 1.8 sessions per 
patient (range 1–4).

At follow-up 25 of the 27 patients (92%) reported a 
significant decrease in snoring. Based on the results 
from 13 patients there was an increase in voluntary 
awake palatal flutter snoring from 74.1 Hz at 
baseline to 105.4 Hz at follow-up, resulting in 
an average increase of 31.3 Hz. The significance 
of comparison of the means was not reported. 
Postoperative pain scores for days 1–5 showed that 
pain levels were generally low, with a score of 3 on 
day 1 that steadily decreased to a score of 1 on day 
5.

A summary of the results for subjectively assessed 
snoring and ESS outcomes, objectively assessed 
snoring measurements and PSG parameter 
outcomes for studies assessing palatal stiffening 
techniques are displayed in Tables 40–42 
respectively.

Summary of results
Four studies assessed the effects of Pillar implants 
and one the effects of injection snoreplasty. The 
available evidence consisted of one RCT and four 
pre–post studies.

Study sample sizes were small with a median 
number of 27 patients per study. In total, therefore, 
evidence on the effects of palatal stiffening 
techniques for the management of non-apnoeic 
snoring is based on results from 134 patients. 
Duration of follow-up across the studies ranged 
from 3 to 12 months in the studies assessing Pillar 
implant techniques97–101 and was 10 days post 

each procedure for the study assessing injection 
snoreplasty.102 Therefore there is only limited 
evidence on the effects of Pillar implants at post-
treatment durations greater than 6 months (two 
studies) and no evidence on effects at a duration 
of greater than 1 year. Additionally, there is no 
evidence on the effects of injection snoreplasty 
other than in the 2-week post-treatment period. 
One pre–post study99,127 indicated that the relapse 
rate on a measure of partner-assessed snoring 
intensity was 12.5% between the follow-up times of 
3 months and 1 year. Therefore, the possibility that 
studies with a shorter follow-up period will show a 
greater treatment benefit needs to be considered 
when extrapolating results from short-term studies 
into the longer term.

A summary of the key study results is displayed in 
Table 43.

Pillar implants
Patient- and partner-reported snoring severity
There was no significant decrease in partner-rated 
snoring severity with the use of rigid implants in 
one study.97 All four studies that assessed regular 
implants (one arm in the RCT)97 reported a 
significant post-treatment decrease in snoring 
levels from a mean range of 7.1–7.9 to a mean 
range of 4.7–4.8. The unweighted mean change 
in pre- and post-treatment scores across the 
studies was 2.68.97–101 Two studies98–100 reported the 
percentage of patients achieving a VAS score of < 3 
as 23.5% and 22% respectively. Patient satisfaction 
with treatment was 80% and partner satisfaction 
50% and 70.6% in the two studies97,98 that assessed 
this outcome.

Epworth Sleepiness Scale
All three of the studies that assessed ESS 
reported a significant decrease in ESS scores post 
treatment.98–101 Mean baseline ESS levels were 
within the range considered normal but a further 
reduction in scores was still attained at post-
treatment follow-up, with a mean range of 4.9–5.7 
across the studies.98–101

Objective measures of snoring sound
Snoring sound was objectively measured in only 
one study.99,100 There were no significant differences 
in any of the snoring sound indices assessed from 
baseline to follow-up. Therefore it would appear 
that there is little correlation in this study between 
the reduction in partner-assessed snoring severity 
from 7.1 (SD 2.1) to 4.8 (SD 2.6) and any objective 
measures of snoring sound.
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TABLE 40 Summary of results of subjectively assessed snoring outcomes and Epworth Sleepiness Scale (ESS) scores for studies assessing 
palatal stiffening techniques

Skjostad  
200697

Nordgard 
200698

Maurer 
200599,100

Ho 
2004101

Brietzke 
2001102

Intervention Rigid 
implants

Regular 
implants

Regular 
implants

Regular 
implants

Regular 
implants

Injection 
snoreplasty

n 10 10 30 32 9 27

Outcome

Partner-assessed 
snoring severity (VAS), 
mean ± SD

Pre 8.1 7.7 7.1 ± 2 7.1 ± 2.1 79 ± 17.2

Post 6.1 4.7 4.8 ± 3.1 4.8 ± 2.6 48 ± 20.4

p-value 0.053 <0.01 < 0.001 < 0.05 0.008

VAS score ≤ 5 (%) 50

VAS score< 3 (%) 23.5 22

Response (VAS decrease of ≥ 1 cm) (%) 69

Patient satisfaction with 
treatment (%)

Satisfied 20 80 79.7

Undecided 60 20

Unsatisfied 20 0

Partner satisfaction 
with treatment (%)

Satisfied 20 50 70.6

Undecided 30 40

Unsatisfied 50 10

Snoring no longer a problem (%) 92

Effect of snoring on 
family members (pre- 
and post-treatment), n

No snoring 0 0

Mild snoring 0 5

Affect spouse 6 4

Affect family 0 0

Heard outside 
house 

3 0

Number of nights per 
week bed partner 
leaves the room 
because of snoring 
(pre-and post-
treatment), n

0 3 6

1–2 3 1

3–4 1 2

5–6 1 0

7 1 0

ESS score, mean ± SD Pre 9.3 ± 4.1 6.1 ± 3.2 8.9 ± 5.6

Post 5.6 ± 3.8 4.9 ± 3.1 5.7 ± 5.6

p-value < 0.001 < 0.05 0.007

VAS, visual analogue scale.

Polysomnographic parameter outcomes

There was no evidence of any consistent effects on 
any PSG parameters with the use of Pillar implants 
in three studies.98–101 All three studies showed a 
slight increase in AHI scores from baseline but this 
was only significant in one study.99,100

Adverse events

Post operative pain and swallowing and speech 
difficulties Data on postoperative pain and 
swallowing and speech difficulties were only 
reported in two studies.98,99,127 Pain levels were 
reported as either mild or mild to moderate, with 
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TABLE 41 Summary of results for objectively assessed snoring sound outcomes for studies assessing palatal stiffening techniquesa

Skjostad  
200697

Nordgard 
200698

Maurer 
200599,100

Ho  
2004101

Brietzke 
2001102

Intervention Rigid 
implants

Regular 
implants

Regular 
implants

Regular 
implants

Regular 
implants

Injection 
snoreplasty

n 10 10 21 21 9 13

Outcome 

Snoring index 
(events/hour)

Pre 273 ± 178

Post 276 ± 172

p-value NS

Primary vibration 
frequency (Hz)

Pre 107 ± 59

Post 110 ± 59

p-value NS

Palatal vibration 
frequency (Hz)

Pre 82 ± 19

Post 80 ± 30

p-value NS

Percent velum-
like snores (types 
I and II)

Pre 81 ± 25

Post 85 ± 24

p-value NS

Resistance 
occurrence index 
(%)

Pre 25 ± 16

Post 23 ± 14

p-value NS

Maximum 
relative loudness 
(dB)

Pre 15 ± 7

Post 16 ± 6

p-value NS

Voluntary awake 
palatal flutter 
snoring (Hz)

Pre 74.1

Post 105.4

p-value NR

NR, not reported; NS, not statistically significant.
a Data presented as mean ± SD.

both swallowing and speech difficulties reported 
as mild. In all four of the studies postoperative 
pain was managed effectively with low levels of 
analgesics. No serious adverse events occurred.

Palatal extrusions The percentage of palatal 
extrusions ranged from 0–11% across the studies 
that assessed regular implants.97–99,101,128 In the 
treatment arm in which patients were implanted 
with rigid implants 8.3% of the implants 
extruded.97

Injection snoreplasty
Patient- and partner-reported snoring severity

In the one study that assessed injection snoreplasty, 
92% of patients or their partners reported that 
snoring was no longer a problem at follow-up.102

Objective measures of snoring sound
There was an increase in voluntary awake palatal 
flutter snoring of 31.3 Hz at post-treatment follow-
up. No significance test for a comparison of the 
pre- and post-treatment means was reported.
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TABLE 42 Summary of polysomnographic parameter and extrusion results for studies assessing palatal stiffening techniquesa

Skjostad  
200697

Nordgard 
200698

Maurer 
200599,100

Ho  
2004101

Brietzke 
2001102

Intervention Rigid 
implants

Regular 
implants

Regular 
implants

Regular 
implants

Regular 
implants

Injection 
snoreplasty

n 10 10 30 40 9 27

Outcome

AHI Pre 2.27 (0.2–5.3) 2.2 ± 2.3 3.7 ± 2.3 4.8 ± 5.7

Post NR 3.3 ± 3.8 5.5 ± 5.4 8.3 ± 11.5 

p-value NS < 0.05 NS

AI Pre 0.7 ± 0.8

Post 1.1 ± 1.4

p-value NS

HI Pre 3.0 ± 2.2

Post 4.5 ± 4.7

p-value < 0.05

ODI Pre 3.4 ± 2.9

Post 5.3 ± 5.1

p-value NS

O2 mean (%) Pre 94.6 ± 1.8

Post 94.3 ± 1.7

p-value NS

O2 min (%) Pre 89.8 ± 4.1

Post 87.1 ± 5.8

p-value < 0.05

Sleep 
efficiency (%)

Pre 88.2 ± 8.1

Post 83.7 ± 12.1

p-value NS

Implant extrusions (%) 8.3 0 8.8 11 8.8 NA

AI, apnoea index; AHI, apnoea/hypopnoea index; HI, hypopnoea index; ODI, oxygen desaturation index; NA, not available; 
NR, not reported; NS, not statistically significant.
a Data presented as mean ± SD.

Adverse events

Postoperative pain Postoperative pain scores were all 
categorised as mild.

Conclusions

From the limited evidence available it appears 
that, in the year after treatment with Pillar 
implants, there is a significant decrease in partner- 
and patient-reported levels of snoring severity. 
However, this treatment benefit appears to be 
relatively modest, with an unweighted mean 
decrease of 2.68 points on a 10-point VAS scale. 
None of the studies attained a mean post-treatment 

score of less than 4 and, in the two studies in which 
it was reported, only 23.5% and 22% of patients 
achieved a VAS score of < 3. There is no evidence 
to suggest that partner-reported levels of snoring 
severity are corroborated by objective measures 
of snoring sound intensity, as no significant 
differences in any measure of objective snoring 
sound intensity were reported. In all studies Pillar 
implants had a significant positive benefit on ESS 
scores, but these were within the range considered 
normal at baseline. The limited available evidence 
also suggests that the use of Pillar implants does 
not have any significant positive or negative effects 
on any PSG-measured indices and, where any 
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changes were reported, these may well be related 
to the ‘noise’ associated with the measurement 
of these parameters. Postoperative pain and 
swallowing and speech difficulties were all rated 
as mild or mild to moderate, and the use of the 
technology does not appear to be associated with 
any moderate or serious adverse events.

Given the limited very poor-quality evidence 
available on the effects of injection snoreplasty it 
is not possible to draw any conclusions regarding 
the safety and efficacy of this treatment without 
consideration of substantive further evidence on 
the use of this technology.

Continuous positive 
airway pressure
Quantity and quality 
of the studies
Only one study, conducted by Series and Marc,112 
assessed the effects of CPAP in the treatment 
of non-apnoeic snoring. The aim of the study 
was to evaluate the effect of discontinuing nasal 
continuous positive airway pressure (NCPAP) 
treatment on the snoring characteristics of patients. 
The study included 18 non-apnoeic snorers who 
were allocated to either NCPAP or a no-treatment 
control group. The control group were studied 
twice, at baseline and at 30 days’ follow-up. The 
NCPAP group were studied at baseline and then 
underwent a second sleep study to determine 
the level of NCPAP required to abolish snoring. 
Patients remained on treatment at a level that 
banished their snoring for a 30-day period. A third 
sleep study was obtained on the first night without 
CPAP after the 30 days of treatment. Six patients 
from the intervention group were additionally 
followed up in a fourth sleep study 8–10 days after 
the end of the treatment period.

Although there was a no-treatment control group 
in the study, no between-group comparisons were 
undertaken and therefore the study was classified 
as a two-group parallel pre–post study. The total 
length of follow-up was 38–40 days.

All patients had undergone an overnight PSG 
with snoring measurement at baseline to rule out 
a possible diagnosis of OSAS. The patient group 
included in the study ranged in age from 25 to 64 
years and was predominantly male (88.9%). The 
mean BMI was 29.1 kg/m2 and 22.2% were smokers. 

None of the patients had undergone previous 
treatment for snoring or were taking medication 

at the time of the study. Study characteristics are 
summarised in Table 44.

Outcomes
The outcomes of interest were total sleep time, 
sleep architecture parameters and an objective 
measurement of snoring intensity. Snoring was 
defined as a spike in breathing sound intensity 
greater than 60 dB SPL. For each recording a 
computer interpretation of the sound recording 
gave the snoring index, the total sleep time (TST) 
spent at the different SPL values in 3-dB steps 
above 60 dB (60–72 dB) and the mean snoring 
level. Other outcomes assessed were AHI and AI.

Study quality
A summary of the quality of the study assessing 
NCPAP is displayed in Table 45 below. The study 
was a very small two-group parallel pre–post study 
with no-between group comparisons. Patient 
inclusion criteria were only partially specified 
and the reporting of baseline characteristics 
was limited. Treatment compliance was unclear, 
although it was reported that patients who were 
unable to tolerate treatment withdrew from the 
study and were replaced by further patients. The 
use of objectively assessed outcomes means that 
the results are likely to be valid for the outcomes 
assessed. However, because of the lack of reporting 
of clear inclusion criteria and limited baseline 
patient characteristics, it is difficult to assess to 
what extent the study results can be extrapolated to 
a wider patient population.

Results

In the NCPAP group the baseline snoring index 
score of 387 per hour (SD 150) was effectively 
abolished to a snoring index score of 15.1 per hour 
(SD 2.5), with a mean NCPAP level of 5.3 cmH2O 
(SD 0.5) (range 3–8 cmH2O). At post-treatment 
follow-up visit 1 (the first night without NCPAP) 
there was no significant difference between the 
baseline snoring index value [387 per hour (SD 
150)] and the post-treatment value [320 per hour 
(SD 171)]. At post-treatment follow-up visit 2, no 
significant differences were observed in snoring 
index values from baseline, with snoring levels 
having returned to their pretreatment levels [387 
per hour (SD 150) versus 374 per hour (SD 181.3)]. 
The percentage of TST spent with snoring levels 
> 60 dB SPL had significantly decreased from 
baseline at follow-up visit 1 [10.3% (SD 1.8) versus 
7.4% (SD 1.5)]. This improvement was observed for 
sound pressure levels up to 69 dB SPL. However, 
by follow-up visit 2, post-treatment values were no 
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TABLE 45 Summary of study quality indicators for study assessing nasal continuous positive airway pressure (NCPAP) versus no 
treatment

Quality criteria Series 1994112

Study design Two-group parallel pre–post

Eligibility criteria specified? P

Adequate baseline details presented? P

Are any co-interventions stated? ?

Compliance with treatment adequate? ?

Subgroup analysis justified? NA

Data collection tools valid? +

Data collection tools reliable? ?

All participants accounted for? –

Data analyses appropriate? +

Greater than 80% of patients followed up? +

Generalisability ?

Intercentre variability NA

?, unclear; +, yes; −, no; NA, not applicable; P, partial.

longer significantly different from baseline values 
[10.3% (SD 1.8) versus 9.8% (SD 2.1)]. Likewise, 
at follow-up visit 1 the mean snoring level had 
significantly decreased from the baseline value of 
66.4 dB SPL (SD 0.9) to 65.0 dB SPL (SD 0.9), but 
at follow-up visit 2 it was no longer significantly 
different from the baseline value, with a mean of 
65.7 dB SPL (SD 0.98).

Both AHI and AI scores decreased significantly 
whilst patients were on therapy, from baseline 
values of 2.9 (SD 3.9) and 9.7 (SD 3.9), respectively, 
to 0.2 (SD 0.6) and 3.7 (SD 2.4) respectively. AHI 
scores, although increasing slightly from levels 
attained whilst on therapy, remained significantly 
lower than the baseline value at both follow-up 
visits 1 and 2, with values of 1.0 (SD1.5) and 1.1 
(SD 1.5) respectively. AI values, in accordance with 
AHI scores, also increased from the levels attained 
whilst on therapy at both follow-up visits 1 and 
2, with values of 8.2 (SD 4.2) and 6.9 (SD 4.8), 
respectively, no longer being significantly different 
from the baseline value. There were no significant 
differences in TST or sleep architecture parameters 
in the NCPAP treatment group compared with 
baseline values, across the treatment period and at 
follow-up visits 1 and 2. The mean values for TST 
and all sleep architecture parameters at baseline, 
on treatment and at follow-up visits 1 and 2 are 
presented in Table 46.

Patients in the no-treatment control group showed 
similar levels of baseline snoring characteristics to 
those in the NCPAP group. In the control group 
the snoring index remained unchanged from 
baseline at follow-up, with values of 380 per hour 
(SD 108) and 388 per hour (SD 201) respectively. 
The percentage of TST > 60 dB SPL was similar 
at baseline and at follow-up: 11.1% (SD 6.0) versus 
10.5% (SD 2.3). Likewise, the mean snoring level 
did not change significantly, from 65.6 dB (SD 
0.9) at baseline to 65.1 dB (SD 1.5) at follow-up. 
As expected there were no significant differences 
between baseline and follow-up in the control 
group in AHI scores, TST or sleep architecture 
parameters. The mean baseline and follow-up 
values for all reported outcomes are displayed in 
Table 46.

Three patients in the NCPAP group discontinued 
treatment after a few nights because of the 
discomfort of the device. These patients were 
replaced at this point in the trial by a further three 
patients with similar baseline snoring indices. No 
adverse events were reported in either group.

Summary of the results
The very limited evidence available on the effects 
of NCPAP is only able to inform the effectiveness of 
NCPAP in the management of snoring indirectly, as 
the study was not designed to assess this outcome. 
There is therefore no direct evidence on the effects 
of CPAP in the management of snoring, and what 
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TABLE 46 Results for study assessing nasal continuous positive airway pressure (NCPAP) versus no treatmenta 

Skjostad 200697

Intervention NCPAP No-treatment control

Follow-up time Baseline NCPAP 1 2 Baseline 1

n 9 9 9 6 9 9

AHI 2.9 ± 3.9 0.2 ± 0.6 1.0 ± 1.5 1.1 ± 1.5 4.5 ± 3.9 5.1 ± 3.6

p-valueb < 0.05 < 0.05 < 0.05 NS

AI 9.7 ± 3.9 3.7 ± 2.4 8.2±4.2 6.9±4.8 8.6±4.8 9.9 ± 5.1

p-value < 0.05 NS NS NS

Total sleep time 
(TST)

5.7 ± 0.9 5.7±0.9 6.0 ± 0.3 6.1 ± 1.5 6.2 ± 0.6 6.3 ± 0.9

p-value NS NS NS NS

Stages I–II (% TST) 71.9 ± 3.6 71.1±4.2 72.3 ± 4.2 72.1 ± 3.0 72.0 ± 4.5 71.9 ± 3.6

p-value NS NS NS NS

Stages III–IV (% 
TST)

13.8 ± 2.7 14.6±2 13.0 ± 3.3 13.7 ± 2.1 15.0 ± 4.8 14.4 ± 2.4

p-value NS NS NS NS

Stages REM (% TST) 14.2 ± 1.5 14.3±3.0 14.6 ± 2.7 14.2 ± 3.0 13.0 ± 2.7 13.7 ± 3.3

p-value NS NS NS NS

Supine (% TST) 40.1 ± 31.2 21.0±15.0 29.2 ± 20.1 16.0 ± 14.4 49.0 ± 27.0 42.3 ± 20.4

p-value NS NS NS NS

Snoring index 
(events/hour)

387 ± 150 15.1±7.5 320 ± 171 374 ± 181 380 ± 108 388 ± 201

p-value < 0.05 NS NS NS

% TST> 60 dB SPL 10.3 ± 5.4 NR 7.4 ± 1.5 9.8 ± 2.1 11.1 ± 6.0 10.5 ± 2.3

p-value < 0.05 NS NS

Mean snoring level 
(dB SPL)

66.4 ± 0.9 NR 65.0 ± 0.9 65.7 ± 0.98 65.6 ± 0.9 65.1 ± 1.5

p-value < 0.05 NS NS

AHI, apnoea/hypopnoea index; AI, apnoea index; NR, not reported; NS, not significant; REM, rapid eye movement; SPL, 
sound pressure level; TST, total sleep time.
a Data presented as mean ± SD.
b All significance levels are reported compared with baseline values.

evidence is available is based on the results of 
nine patients with a total follow-up time of 38–40 
days. Given the paucity of this evidence it is not 
advisable to extrapolate the results of this study 
to a wider patient population who will need long-
term treatment for the management of snoring. An 
overall summary of the study results is provided in 
Table 47.

Objective measures of snoring sound
The use of CPAP at 5.3 cmH2O (SD 0.5) (range 
3–8 cmH2O) effectively abolished snoring to a 
mean number of snores per hour of 15.1 (SD 2.5). 
However, relapse to a pretreatment level occurred 
rapidly without the use of CPAP.

Polysomnographic parameter outcomes
There was a significant decrease in both AHI and 
AI scores with the use of CPAP. There were no 
significant differences in TST or sleep architecture 
parameters with CPAP use compared with baseline 
values.

Conclusions

There is very little evidence available on the effects 
of CPAP for the management of non-apnoeic 
snoring. What evidence is available suggests that 
the use of CPAP may be effective in reducing levels 
of snoring, without having any adverse effects on 
PSG-measured parameters. However, given the 
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TABLE 47 Summary of results for study assessing nasal continuous positive airway pressure (NCPAP)

Skjostad 200697

Intervention NCPAP No-treatment control

Follow-up time NCPAP 1 2 1

n 9 9 9

AHI + + + –

AI + – – –

Total sleep time (TST) – – – –

Stages I–II (% TST) – – – –

Stages III–IV (% TST) – – – –

Stages REM (% TST) – – – –

Supine (% TST) – – – –

Snoring index (events/hour) + – – –

% TST > 60 dB SPL + – –

Mean snoring level (dB SPL) + – –

+, statistically significant difference from baseline; –, no statistically significant difference from baseline; AHI, apnoea/
hypopnoea index; AI, apnoea index; SPL, sound pressure level; TST, total sleep time.

poor-quality evidence available it is not possible 
to draw any definitive conclusions regarding the 
efficacy and safety of the use of CPAP for the 
management of non-apnoeic snoring.

Mandibular 
advancement splints
Quantity and quality 
of the studies
Two pre–post studies reported in three publications 
assessed the effects of MAS.110,111,113 One further 
study104 (reported in the section on RFA) compared 
RFA to the soft palate with the short-term use of a 
MAS. The results of this study have already been 
presented in the section on RFA and therefore 
are not reported again. However, the results are 
included in the summary section as part of the 
overall evidence on the effects of MAS.

The aim of the studies by Smith and Battagel113 
and Fransson and colleagues110,111 was to assess 
the effects of using a MAS with a minimum 
mandibular advancement of 5 mm. The study by 
Smith and Battagel113 used an adjustable Herbst 
splint, whereas Fransson and colleagues110,111 used 
a monobloc MAS. Smith and Battagel113 included 
35 non-apnoeic snorers who were followed up 
before and 1 month after fitting the MAS. In 
total, 29 patients were followed up at 1 month 

and therefore included in the assessment of 
subjective questionnaire-assessed outcomes, with 11 
completing a baseline and follow-up unsupervised 
overnight domiciliary sleep recording. Fransson 
and colleagues110,111 included both patients with 
a diagnosis of OSAS and those with non-apnoeic 
snoring. A total of 77 patients were included in the 
study: 50 with OSAS and 27 non-apnoeic snorers. 
Only limited results were reported separately for 
the non-apnoeic snoring subgroup, with 13 non-
apnoeic snoring patients included in the 6-month 
follow-up of objectively measured snoring scores 
and 27 assessed for ODI scores at 2 years’ follow-
up.

The study by Smith and Battagel113 included 
oximetry at baseline to rule out a diagnosis 
of OSAS, whereas the study by Fransson and 
colleagues110,111 included limited PSG assessment 
to categorise patients by diagnosis. No tests to 
assess the site of airway narrowing were reported 
by Smith and Battagel,113 whereas fibreoptic 
pharyngoscopic examination with Muller’s 
manoeuvre, in addition to subjective assessment 
of the degree of hypopharyngeal collapse and the 
presence or absence of tongue base hyperplasia, 
were employed by Fransson and colleagues.110,111 
Across the 62 non-apnoeic snorers included in the 
two studies, the mean age ranged from 44 to 52 
years (range 28 to 70 years) and the percentage of 
male participants ranged from 57% to 66.7%. The 
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TABLE 49 Summary of study quality indicators for studies assessing mandibular advancement splints (MAS)

Quality criteria Smith 2004113 Fransson 2001;110 2003111

Study design Pre–post Pre–post

Eligibility criteria specified? P +

Adequate baseline details presented? P P

Are any co-interventions stated? NA P

Compliance with treatment adequate? P P

Subgroup analysis justified? NA +

Data collection tools valid? P P

Data collection tools reliable? P P

All participants accounted for? – +

Data analyses appropriate? + +

Greater than 80% of patients followed up? – –

Generalisability + ?

Intercentre variability NA NA

?, unclear; +, yes; −, no; NA, not applicable; P, partial.

mean BMI ranged from 26.8 kg/m2 to 28.4 kg/m2, 
indicating a patient population that was overweight 
but not obese. In the study by Smith and Battagel113 
the mean baseline ESS score was 9.4 (SD 5.0). 
Neither of the studies reported the smoking status 
of patients nor levels of alcohol consumption. A 
summary of study characteristics is presented in 
Table 48.

Outcomes
Across the studies PSG parameter outcomes,110,111,113 
objective measures of snoring sound intensity, ESS 
and adverse events were reported. In the study by 
Smith and Battagel113 respiratory noise levels were 
assessed at the 95th and 5th percentile levels, with 
the L5 level corresponding to the SPL exceeded 
5% of the time in the test period and representing 
the highest noise level. The L95 level conversely 
corresponded to the noise level exceeded 95% 
of the time in the test period, representing 
background noise. EDS was assessed using the ESS 
and adverse events were categorised as short term 
(2–3 days) or long term (1 month). Fransson and 
colleagues110,111 measured snoring sound levels 
directly in decibels both pre- and post-treatment.

Study quality
A summary of the study quality indicators is shown 
in Table 49. The quality of both of the studies 
was relatively poor, with small sample sizes. Both 
studies had reasonably well-defined inclusion 
criteria but neither of them presented adequate 

baseline details on participants. For the study by 
Fransson and colleagues110,111 this was primarily 
because the study sample included patients with 
a diagnosis of OSAS and limited details were 
presented on the non-apnoeic snoring subgroup 
alone. Rates of treatment compliance, when 
reported, were adequate but were based on short-
term follow-up data and therefore may be higher 
than would typically be seen in practice. Snoring 
sound levels were objectively assessed, limiting bias 
in the assessment of this outcome, but neither study 
also included a measure of patient- or partner-
assessed snoring levels. It is therefore unclear 
whether any treatment benefit in terms of objective 
snoring sound reduction is perceived by the 
patient or their partner as an adequate reduction 
in snoring level. Sample sizes were small in both 
studies and only 31–48% of patients were included 
in the objective snoring sound evaluations. Data 
analysis in both studies was appropriate.

Results

In the study by Smith and Battagel,113 at the 
1-month follow-up there was a significant mean 
reduction of 2.5 (SD 2.5) points in the ESS score 
in the 29 patients assessed for this outcome [mean 
pretreatment score of 9.4 (SD 5.0) versus mean 
score of 6.9 (SD 4.8) at follow-up]. At this follow-up 
time subjective compliance rates were good, with 
26 out of the 29 patients still using the MAS. Three 
patients were unhappy using the device, with two 
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patients dissatisfied with the appliance aesthetics 
and one experiencing temporomandibular joint 
(TMJ) problems. A large percentage of patients 
complained of initial (2–3 days) muscular and TMJ 
discomfort (69% and 76% respectively); however, 
this had significantly decreased to 17% and 28%, 
respectively, at follow-up. The number of patients 
complaining of awakening with an abnormal bite, 
dry mouth or excessive salivation also decreased 
across the study period, although not significantly. 
In the short term 40% of patients complained of 
abnormal bite, 28% dry mouth and 21% excessive 
salivation. At the follow-up the figures were 28%, 
17% and 3% respectively.

In total, 11 patients completed pre- and post-
treatment sleep recordings. There was a significant 
reduction in snoring noise levels (L5), from a 
median of 449 (range 53–1212) pretreatment to 
161 (range 9–442) with a MAS. The background 
noise level (L95) remained reasonably constant 
between recordings, with a median of 61 (range 
0–322) pretreatment and a median of 12 (range 
0–334) post-treatment. Correspondingly, the L5–
L95 ratio decreased significantly with treatment, 
from a median baseline level of 240 (range 
15–1015) to a median post-treatment level of 75 
(range 9–417), indicating a significant reduction 
in noise level whilst wearing the MAS. None of the 
PSG-assessed parameters changed significantly 
with treatment as all were within normal limits at 
baseline.

In the study by Fransson and colleagues110,111 13 
non-apnoeic snoring patients underwent a snoring 
sound recording at baseline and at 6 months’ 
follow-up. A significant reduction in snoring sound 
volume was observed with the use of a MAS, from a 
pretreatment volume of 63.5 dB to a post-treatment 
volume of 57.5 dB. No range or standard deviation 
was reported for either baseline or post-treatment 
snoring sound levels. A total of 27 patients 
additionally underwent limited PSG at 2 years’ 
follow-up. PSG parameter results were within the 
range of normal at baseline in all patients, with a 
mean ODI of 1.3 (range 0–3.8) and a mean SaO2 
nadir of 91.5% (range 82.5–97.5%). At follow-up 
values had not changed significantly and remained 
within the normal range, with a mean ODI of 
0.8 (range 0–7) and a mean SAO2 nadir of 92.6% 
(range 90.4–96.0%). No further outcomes were 
reported separately for the non-apnoeic snoring 
subgroup.

The results for ESS scores, objectively assessed 
snoring outcomes and PSG parameters are 
displayed in Tables 50–52 respectively.

Summary of results

Two pre–post studies assessed the effects of use of 
a MAS,110,111,113 Additional very limited evidence on 
MAS use is also available from a small CCT104 in 
which the control group used a MAS for a 10-day 
treatment period. Patients in this study were then 
assessed using a counterbalanced split-night study, 
with and without the MAS. Study sample sizes were 
small, with a total of 72 patients included across 
the three studies. The objective snoring sound 
assessment, however, is based on only 34 patients 
and therefore the results should be interpreted with 
caution. The follow-up duration across the three 
studies ranged from 10 days to 2 years. However, 
once again objective snoring sound measures were 
all conducted within a follow-up period of 10 days 
to 6 months. Therefore, there is only very limited 
evidence available on the short-term effectiveness 
of MAS for snoring and no evidence on the longer-
term effectiveness. An overall summary of the 
results is given in Table 53.

Epworth Sleepiness Scale
In one study113 there was a significant reduction in 
ESS scores in 29 patients with the use of a MAS at 
the 1-month follow-up, from 9.4 (SD 5.0) to 6.9 (SD 
4.8) respectively. Neither of the other two studies 
either assessed ESS104 or reported ESS scores 
separately from the non-apnoeic snoring subgroup 
of patients.110,111

Objective measures of snoring sound
In all three studies there was a significant reduction 
in the maximal snoring sound volume,113 mean 
snoring sound volume110,111 or the percentage of 
time spent in loud snoring104 with the use of a 
MAS. Maximal snoring sound volume decreased 
from a median of 449 (range 53–1212) at baseline 
to a median of 161 (range 9–442) with MAS use 
at the 1-month follow-up,113 mean snoring volume 
decreased from a pre-device use level of 63.5 dB 
to 57.5 dB with MAS use at 6 months,110,111 and the 
percentage of time spent in loud snoring decreased 
from 10.62% (SD 9.83%) to 3.32% (SD 4.7%) at 10 
days’ follow-up.104 A comparison of the percentage 
of time spent in loud snoring for patients who had 
undergone soft palate RFA with the percentage of 
time spent in loud snoring for those fitted with a 
MAS showed that the percentage point estimate 
favoured the MAS group; however, there was no 
significant difference between the groups for this 
outcome (10.62% versus 3.32% respectively).

Polysomnographic parameter outcomes
In two studies110,111,113 there were no significant 
changes in PSG-measured outcomes with the use 
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TABLE 50 Summary of the Epworth Sleepiness Scale (ESS) scores for studies assessing mandibular advancement splints (MAS) 

Smith 2004113 Fransson 2001;110 2003111

Intervention MAS MAS

n 29 NA

Outcome

ESS, mean ± SD Pre 9.4 ± 5.0

Post 6.9 ± 4.8

p-value < 0.001

NA, not applicable.

TABLE 51 Summary of the objective snoring sound results for studies assessing mandibular advancement splints (MAS)

Smith 2004113 Fransson 2001;110 2003111

Intervention MAS MAS

n 11 13

Outcome 

L5 snoring sound 
level (mV)a

Pre 449 (53–1212)

Post 161 (9–442)

p-value < 0.05

L95 background 
snoring level (mV)a

Pre 61 (0–322)

Post 12 (0–334)

p-value NS

L5–L95 snoring 
sound (mV)a

Pre 240 (51–1015)

Post 75 (9–417)

p-value < 0.01

Mean snoring sound 
score (dB)

Pre 63.5

Post 57.5

p-value < 0.05

NS, not statistically significant.
a Data reported as median and range.

of a MAS, at either 1 month or 2 years of follow-up 
post device use.

Adverse events
Short-term side effects (2–3 days)
Only one of the three studies reported adverse 
events.113 The percentage of minor side effects 
was relatively high, with 69% and 76% of patients 
experiencing muscular and TMJ discomfort 
respectively. The percentage of patients who 
experienced abnormal bite, dry mouth or excessive 
salivation was slightly lower although still common, 
ranging from 21% to 40%.

Longer-term side effects (1 month)

There was a significant reduction in the percentage 
of patients with muscular discomfort or TMJ 
pain at the 1-month follow-up although these 
remained common, with 17% and 28% of patients 
reporting the problem respectively. The percentage 
of patients with abnormal bite, dry mouth or 
excessive salivation also decreased from the initial 
short-term levels but not significantly. These side 
effects remained relatively common with 28%, 
17% and 3% of patients reporting the problem 
respectively.113
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TABLE 52 Summary of the polysomnographic parameter results for studies assessing mandibular advancement splints (MAS)

Smith 2004113 Fransson 2001;110 2003111

Intervention MAS MAS

n 11 27

Outcome 

% O2
a Pre 95 (93–97)

Post 95 (93–96)

p-value NS

Minimum % O2
a Pre 89 (86–94)

Post 90 (86–94)

p-value NS

O2 dips > 4%/houra Pre 2.8 (0.0–120.5)

Post 1.7 (0.0–37.8)

p-value NS

ODIb Pre 1.3 (0–3.8)

Post 0.8 (0–7)

p-value NS

SaO2 nadir (%)b Pre 91.5 (82.5–97.5)

Post 92.6 (90.4–96.0)

p-value NS

NS, not significant.
a Data reported as median and range.
b Data reported as mean and range.

Conclusions

There is very limited evidence available on the 
effects of short-term MAS use on levels of snoring 
and no evidence on the effects of MAS use at 
treatment durations greater than 6 months. The 
limited evidence available suggests that use of a 
MAS may be effective in reducing levels of snoring 
sound intensity and the percentage of time spent in 
loud snoring in the short term. None of the studies 
examined the clinical significance of the reduction 
in time spent in loud snoring or the reduced 
volume levels. It is therefore unclear whether any 
objectively assessed reduction in snoring would 
translate into a treatment benefit that would be 
perceived as clinically relevant by the patient or 
their bed partner. In the short term, on evidence 
available from two studies,110,111,113 MAS use does 
not appear to have any detrimental or positive 
effects upon any PSG-measured parameters, such 
as oxygen desaturation levels. Adverse effects of 
treatment were assessed in only one study up to a 
treatment duration of 1 month.113 Results from this 
study indicate that initial minor side effects of MAS 

use are very common but appear to reduce with 
longer-term wear. There is no evidence available 
on the adverse events associated with MAS use at 
treatment durations greater than 1 month.

Other related systematic reviews
One systematic review by Stuck and colleagues70  
was identified that had assessed the effects of 
RFA surgery of the soft palate for the treatment 
of snoring. The review included 22 prospective 
and retrospective pre–post studies published 
before January 2003. The patient populations in 
the included studies were non-apnoeic snorers 
and patients with mild OSAS, with a maximum 
RDI of 10 or 15. A total of 19 of the included 
studies had used temperature-controlled RFA 
(somnoplasty), with the remaining three studies 
using the Ellman (monopolar),129 VidaMed130 
or Coblation (bipolar)108 systems. Between one 
and four application sites per treatment session 
were selected. The review included four pre–post 
studies104–107 included in the present assessment of 
the effects of RFA for the treatment of non-apnoeic 
snoring. Eleven studies were included in the 
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review analysis; seven that had measured partner-
reported snoring levels using a VAS and four that 
had used snoring scores. The total number of 
patients included in the studies that had used a 
VAS for assessment was 231, and the total number 
of patients included in the studies using a snoring 
score was 114. Follow-up periods across the studies 
ranged from 6 to 12 weeks. In the studies that had 
used a VAS the weighted mean snoring score was 
significantly reduced from 8.1 (SD 1.8) at baseline 
to 3.5 (SD 2.2) postoperatively; the mean pooled 
treatment effect was 4.8 (SD 2.8). In the four 
studies that had used snoring scores the weighted 
mean snoring score was significantly reduced 
from 8.0 (SD 2.1) at baseline to 3.4 (SD 2.3) 

postoperatively; the mean pooled treatment effect 
was 4.7 (SD 3.1). Heterogeneity between the studies 
was not formally assessed. No serious adverse 
events were reported but there was significant 
variation in the overall complication rates 
reported, ranging from 0% to 50%. Four studies 
reported moderate complications in terms of severe 
palatal damage, including palatal fistula, uvula 
loss or sloughing. The authors concluded that 
RFA surgery of the soft palate leads to a significant 
reduction in subjective snoring, with snoring being 
reduced to a tolerable level. Nevertheless, CCTs 
and objective outcome assessment are still lacking 
and the findings need to be confirmed by RCTs.
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The indicative costs and resource use associated 
with the surgical procedures or non-surgical 

devices identified in the review of clinical effects 
are displayed in Table 54.

It is difficult to compare the costs associated 
with the identified surgical procedures, which 
theoretically have a ‘one-off ’ cost for the 
procedure(s), with those of the devices, which 
have an annual cost or cost per use. The cost 
for UP3 is approximately £1230 assuming that 
patients have a 1-day hospital stay but this rises 
to approximately £1550 if patients require an 
additional day of hospitalisation for postoperative 
recovery or complications. For LAUP the costs 
associated with one procedure are approximately 
£790 but rise to £1430 for a two-stage sequential 
procedure and £2070 for a three-stage procedure. 
Therefore, UP3 is more expensive than LAUP 
conducted as a one-stage procedure (with 
associated treatment costs of £1230 and £790 
respectively) but cheaper than LAUP conducted 
as either a two- or three-stage procedure assuming 
that only 1 day of hospitalisation is required after 
UP3. If it is assumed that 2 days of hospitalisation 

are required post UP3 then LAUP conducted as 
either a one- or a two-stage procedure is cheaper 
than UP3; however, LAUP conducted as a three-
stage procedure still remains more costly than UP3. 
When the use of Pillar implants is considered the 
approximate treatments costs range from £1110 to 
£1160 (depending on the manufacturer’s discount). 
Therefore, the cost of treatment with Pillar 
implants is similar to the cost incurred through 
undertaking UP3 with 1 day of hospitalisation but 
is considerably more than the cost of undertaking 
LAUP as a one-stage procedure; however, if LAUP 
is undertaken as a two- or three-stage procedure 
then the use of Pillar implants becomes the least-
cost option.

The approximate annual treatment costs associated 
with the use of a CPAP machine and a MAS are 
£220 and £130 respectively. Therefore, use of 
a CPAP machine is on average more expensive 
than the use of a MAS. However, for both of these 
interventions there are a large number of different 
models currently available on the market, and use 
of a more expensive MAS and a cheaper CPAP 
machine may reverse this cost relationship.

Chapter 4  

Associated treatment costs
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TABLE 54 Costs and resource use associated with surgical procedures and non-surgical devices

Parameters Mean cost (£) Number Source

UP3 costs (assuming one procedure)

Initial consultation Unit cost of outpatient initial 
(consultation) visit

148.00 1 NHS reference 
costs 200684

Surgical procedurea Unit cost of elective inpatient minor 
mouth or throat procedure

992.00 1 NHS reference 
costs 200684

Follow-up consultation Unit cost of outpatient follow-up 
(consultation) visit

88.00 1 NHS reference 
costs 200684

Total 1228.00

Assumptions and range: total based on assumption of stay of 1 day 

Assuming extra day of hospital stay 318.00 NHS reference 
costs 200684

Total 1546.00

LAUP costs (assuming between one and three procedures)b

Initial consultation Unit cost of outpatient initial 
(consultation) visit

148.00 1 NHS reference 
costs 200684

Surgical procedure Unit cost of elective day-case minor 
mouth or throat procedure

551.00 1 NHS reference 
costs 200684

Follow-up consultation Unit cost of outpatient follow-up 
(consultation) visit

88.00 1 NHS reference 
costs 200684

Total 787.00

Assumptions and range: total based on assumption of one procedure and 
one follow-up visit

NHS reference 
costs 200684

One additional procedure 
and follow-up visit

Unit cost of elective day-case minor 
surgery and out-patient follow-up visit

639.00 2 NHS reference 
costs 200684

Total 1426.00

Two additional procedures 
and follow-up visits

Unit cost of elective day-case minor 
surgery and outpatient follow-up visit

639.00 3 NHS reference 
costs 200684

Total 2065.00

Pillar implants (costs) (assuming one procedure)

Initial consultation Unit cost of outpatient initial 
(consultation) visit

148.00 1 NHS reference 
costs 200684

Surgical procedure Unit cost of elective day-case minor 
mouth or throat procedure

551.00 1 NHS reference 
costs 200684

Pillar implants Unit cost of three Pillar implants 318.00–375.00 1 Restore Medical 
(St Paul, MN) 

Follow-up consultation Unit cost of outpatient follow-up 
(consultation) visit

88.00 1 NHS reference 
costs 200684

Total 1105.00–1162.00
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Parameters Mean cost (£) Number Source

CPAP 

Initial costs in first year

Initial consultation Unit cost of outpatient initial 
(consultation) visit

148.00 1 NHS reference 
costs 200684

CPAP machine 300.00 1 ResMed 
(Abingdon, UK)

CPAP mask Annual cost of CPAP mask 80.00 ResMed

Titration Unit cost of 30-minute appointment 
with a specialist nurse 

57.00 1 NHS reference 
costs 200684

Total of initial CPAP costs (first year) 585.00

Assumptions: 7-year life span of CPAP machine, with an interest rate of 
3.5% for initial cost

ResMed NICE 
methods 
guidance131

Ongoing costs (yearly)

CPAP device Equivalent annual cost of CPAP device 47.40 1

CPAP mask Annual cost of CPAP mask 80.00 1 ResMed

Annual follow-up 
consultation

Unit cost of outpatient follow-up 
(consultation) visit

88.00 1 NHS reference 
costs 200684

Total ongoing costs (yearly) 215.40

MAS (assuming device life of 2 years)c

MAS device NHS cost of dental device and its 
provision 

250.92 1 12 units of 
dental activity at 
£20.91

MAS cost per year 128.80 1

MAS ongoing costs (yearly) Unit cost of annual check-up 19.47 1 Cost of a 
consultant 
appointment, 
unpublished data

CPAP, continuous positive airway pressure; LAUP, laser-assisted uvulopalatoplasty; MAS, mandibular advancement splint; 
UP3, uvulopalatopharyngoplasty.
a Assuming average length of stay of 1 day.
b Assuming LAUP performed as a day-case procedure.
c Estimated from SIGN.2

TABLE 54 Costs and resource use associated with surgical procedures and non-surgical devices
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Statement of 
principal findings
Uvulopalatopharyngoplasty versus 
laser-assisted uvulopalatoplasty

Evidence from one small RCT86,87 and one small 
CCT88 to support there being a difference in 
treatment effect between UP3 and LAUP on 
subjectively assessed snoring indices is equivocal. 
In the CCT88 significant differences between 
the two procedures were found on outcomes of 
partner-reported snoring status and difficulties 
falling asleep because of snoring, favouring 
treatment with UP3; however, no significant 
differences were observed on other measures, 
including partner-reported snoring status in the 
RCT.86,87 Any treatment benefit for UP3 compared 
with LAUP is therefore likely to be of a relatively 
small magnitude. This contention is consistent 
with evidence from the RCT86,87 showing that 
at short-term follow-up both procedures were 
effective at significantly reducing the objectively 
measured snoring index from baseline, with no 
significant differences between the effects of the 
two procedures. Both UP3 and LAUP were effective 
at reducing snoring loudness but this reduction was 
modest (3.8 dB) and therefore may not be of great 
clinical consequence. Adverse events of the two 
procedures were comparable, except for levels of 
postoperative pain, which were significantly higher 
in the UP3 group. Relapse rates were consistent 
with those generally observed for the procedures in 
the short term at 11–17%, but longer-term relapse 
rates (14–18%) were smaller than those generally 
observed in both retrospective and prospective 
pre–post studies in the literature.95,132

Uvulopalatopharyngoplasty alone

Evidence on the effects of UP3 from six of the 
seven pre–post studies49,89–91,93,94 showed that UP3 
was effective in reducing a number of both patient- 
and bed partner-reported snoring outcomes; 
however, it would appear that approximately 12% 
of patients do not gain any treatment benefit 
in terms of a postoperative snoring reduction94 
and relapse rates are approximately 24% 1 year 
postoperatively.94 The overall results from four 

studies that assessed objective measures of snoring 
were mixed and equivocal.49,92–94 Two of the studies 
indicated no significant differences in postoperative 
measures,92,94 one showed a significant reduction 
in the snoring index and percentage of time spent 
in loud snoring93 and a further study showed 
a significant reduction in one outcome but not 
another.49 Evidence to support the generally 
observed significant reduction in subjectively 
assessed snoring indices with objective reductions 
in snoring sound is therefore limited. Postoperative 
pain reported in one study was moderate – 6.9 on 
a 10-point VAS – but decreased rapidly to 1.1 at 
10 days post treatment.93 Short- and medium-term 
(up to 1 year) morbidity associated with treatment 
was relatively minor, with throat disturbances 
reported in 12.5% of patients,90,91 nasal speech and 
nasal regurgitation in 1.9% of patients each90 and 
swallowing problems being reported as moderate 
in the immediate postoperative period – 4.4 on a 
10-point VAS – but decreasing rapidly to 0.5 at 10 
days’ follow-up.93

Laser-assisted 
uvulopalatoplasty alone

The limited evidence from the three pre–post 
studies on LAUP95,96,114 with a total of 58 
participants supports the fact that subjectively 
assessed snoring status or scores are significantly 
improved after the procedure. In two studies95,96 
snoring status improved in 75–79% of patients 2 
months postoperatively; however, in one of the 
studies96 this decreased to an improvement in 57% 
of patients at 10 months. This indicates that, like 
UP3, there may be a considerable relapse rate over 
longer postoperative follow-up times. None of the 
studies on LAUP assessed objectively evaluated 
snoring sound and therefore it is unclear whether 
any patient- or partner-reported benefit would be 
corroborated by objective sound measurements. 
Postoperative pain reported in two studies95,114 
was mild to moderate (> 4 on a 10-point VAS) 
but decreased rapidly by day 10. Adverse events 
associated with the procedure were persistent 
throat dryness or itching (36%) and difficulties with 
nasal breathing (21%) but these were only reported 
in one study.95

Chapter 5  
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Radiofrequency ablation 
of the soft palate
Evidence on the effects of RFA of the soft palate 
was limited to six studies103–108 and RFA of the 
tongue base to one study.109 The evidence base 
consisted of one RCT,103 one CCT104 and five pre–
post studies.106–110 Results from the RCT103 showed 
a significant treatment benefit on partner-assessed 
snoring levels compared with placebo over the 10- 
to 14-week follow-up period, with a postoperative 
score of 5.2 ± 2.4 versus 8.0 ± 2.3 for the treatment 
groups, respectively, on a 10-point VAS. Across 
six of the studies103–108 (including the RCT) RFA 
was associated with a postoperative reduction 
in partner-assessed snoring severity, with an 
unweighted mean decrease of 3.24 on a 10-point 
VAS; however, as the final mean postoperative 
scores were in the range of 2.8–5.2, any benefit 
of treatment may be moderate, as only one study 
achieved a final mean VAS score of less than 3.104 
Examination of the RFA treatment protocols across 
the studies showed no obvious relationship between 
the size of the reduction in partner-assessed 
snoring attained and whether treatment was 
conducted using a single-lesion or multiple-lesion 
protocol. Additionally, there appeared to be no 
relationship between the size of treatment benefit 
and the length of follow-up across the studies. 
Relapse rates were considerably lower than those 
observed with either UP3 or LAUP, ranging from 
6% to 21% at 9.5 months’ follow-up.

Evidence from one CCT and two pre–post 
studies104,105,107 for an objective reduction in snoring 
sound levels with RFA is equivocal. Results from 
the CCT104 showed that there was no significant 
difference between the percentage of time spent 
in loud snoring after treatment with RFA and the 
percentage of time spent in loud snoring with use 
of a MAS. There was also no significant correlation 
between objective measures of snoring sound 
and partner-reported snoring severity levels.104 
Results from the two pre–post studies were mixed. 
One study105 showed a significant, but clinically 
irrelevant, increase in snoring sound intensity 
and no correlation between objective measures of 
snoring sound and partner-reported snoring levels, 
whereas the second study107 found a decrease of 
7 dB in the maximal snoring sound level but did 
not report significance levels for the change.

Levels of postoperative pain and measures of 
swallowing, speech, taste and pharyngeal irritation 
were rated as low103,105,106 to moderate.107,108 When 
RFA was compared with placebo there were no 
significant differences between the groups on 

measures of pain, taste, speech or pharyngeal 
irritation.103 Rates of mucosal blanchings and 
erosions ranged from 15.6% to 40%.106–108 Rates of 
all other reported moderate adverse events were 
low.108

Results from the systematic review of RFA by Stuck 
and colleagues70 concur with the results of this 
present review. Their analysis included a total 
of 11 studies, seven of which assessed partner-
reported snoring levels using a VAS and four that 
used snoring scores. In the Stuck and colleagues 
review70 studies were combined using a random-
effects meta-analysis for each type of outcome 
measure to derive a pooled mean estimate of 
treatment effect; however, heterogeneity between 
the studies was not formally statistically assessed. 
In contrast, because of heterogeneity between the 
studies in terms of both study design and length 
of follow-up, the present review has relied on 
combining the six relevant studies using a narrative 
synthesis. The review by Stuck and colleagues70 
found that the weighted mean snoring score was 
significantly reduced from 8.1 (SD 1.8) to 3.5 
(SD 2.2) at a follow-up time of between 6 and 12 
weeks postoperatively for studies that had assessed 
snoring using a VAS. Therefore, the mean pooled 
treatment effect was 4.8 (SD 2.8). These point 
estimates are within the range indicated within 
this assessment, which found that snoring scores 
were significantly reduced from a mean range of 
6.5–8.4 preoperatively to a mean range of 2.75–5.2 
post treatment. Our estimated unweighted change 
in mean pre- and post-treatment scores is slightly 
lower than that of Stuck and colleagues,70 which is 
likely to reflect differences in the review inclusion 
criteria, such as their inclusion of both retrospective 
and prospective pre–post studies and studies with a 
follow-up duration of between 6 and 12 weeks post 
treatment. This review includes three studies with 
a follow-up period of over 5 months,104,106,108 which 
are likely to give a more realistic indication of the 
slightly longer-term effects of RFA treatment.

Palatal stiffening techniques

Palatal stiffening techniques were assessed in five 
studies, four of which assessed Pillar implants97–101 
and one that assessed injection snoreplasty.102 
The available evidence consisted of one small 
RCT comparing rigid implants with regular 
implants97 and four pre–post studies.98–102 Four 
studies showed that regular Pillar implants were 
effective at reducing partner-rated snoring severity, 
with a decrease in snoring levels from a mean 
range of 7.1–7.9 to a mean range of 4.7–4.8 post 
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treatment;97–101 however, any treatment benefit 
appears to be only moderate, with an unweighted 
mean decrease of 2.69 points on a 10-point VAS 
scale observed. In two studies98–100 the percentage 
of patients achieving a VAS score of less than 3, 
which is generally considered to be a clinically 
relevant reduction, ranged from 22% to 23.5%. 
Relapse rates reported in the two studies98–100 that 
followed up at 1 year ranged from 12.5% to 14.3% 
depending on how a relapse was defined. This 
indicates that any initial treatment benefit from 
implants may decrease in the longer term.

Evidence on the effects of Pillar implants on 
objectively measured snoring sound indices was 
limited to only one study.99,100 This showed no 
significant differences in any snoring sound index 
(number of snores per hour and loudness).

Postoperative pain levels in two studies were 
reported as either mild (score of 2.0 on a 10-
cm VAS)98 or moderate (score of 4.9 on a 10-cm 
VAS)99,100 and decreased rapidly post treatment. 
Likewise, speech difficulties were assessed as mild 
(VAS score of 0.7)99,100 or moderate (VAS score of 
3.0).98 All swallowing difficulties were classified 
as mild.98–100 Rates of implant extrusion were 
reasonably low, ranging from 0% to 11%.97–101

Continuous positive 
airway pressure

The only available evidence on the effects of CPAP 
for the treatment of non-apnoeic snoring came 
indirectly from a very small, low-quality, two-group 
parallel pre–post study that included nine patients 
in the treatment group.112 Results indicated that 
the use of CPAP at 5.3 cmH2O (range 3–8 cmH2O) 
dramatically reduced the number of snores per 
hour from a mean of 387 (SD 150) to a mean of 
15.1 (SD 2.5). No subjective snoring scores were 
evaluated. Given the very limited low-quality 
evidence available to support the use of CPAP it 
is not advisable to extrapolate the findings of this 
small study, which had a treatment duration of 
only 1 month, to a wider patient population in the 
longer term.

Mandibular advancement splints

Evidence on the effects of MAS from three 
studies104,110,111,113 was limited to objectively assessed 
snoring sound outcomes (i.e. no patient- or 
partner-evaluated outcomes were assessed). The 
evidence suggests that MAS improve objective 

outcomes, including the maximal snoring sound 
volume,113 the mean snoring sound volume110,111 
and the percentage of time spent in loud 
snoring.104 Comparison of the percentage of time 
spent in loud snoring between patients who had 
undergone soft palate RFA and those fitted with a 
MAS showed that the point estimates favoured use 
of a MAS, but this was not statistically significant.104 
Data on the adverse effects of MAS use were scarce 
and reported in only one study.113 This study 
indicated that the incidence of minor side effects 
was relatively high, particularly for muscular and 
TMJ discomfort in the initial days of MAS use. 
Although minor side effects remained relatively 
common these had all decreased within the first 
month of use.113

Associated treatment costs

The analysis of approximate treatment cost data 
was limited to the procedures of UP3, LAUP and 
Pillar implants and to CPAP devices and use of 
MAS. Because the costs identified for the surgical 
procedures are theoretically ‘one-off ’ costs whereas 
those derived for the devices are annual costs or 
costs per use, few comparisons between the costs 
of surgical procedures and those of devices could 
be drawn. Additionally, as already highlighted, 
the costs of diagnostic tests (i.e. PSG or modified 
PSG) to exclude a diagnosis of sleep apnoea were 
not included in the treatment costs. However, use 
of a MAS may not always be associated with the 
requirement for a sleep study (i.e. PSG or modified 
PSG) before use of the device, which is necessary 
before either surgery or use of CPAP is initiated, 
and this is likely to impact considerably on the 
overall treatment costs.

In terms of the surgical procedures (i.e. UP3, 
LAUP and Pillar implants) there is no procedure 
that in all cases is the least-cost option. LAUP as a 
one-stage procedure is cheaper than both UP3 and 
Pillar implants but becomes more expensive than 
both UP3 and Pillar implants when performed as 
a two- or three-stage procedure. The use of Pillar 
implants is slightly cheaper than the use of UP3. 
Use of a MAS is on average cheaper than the use 
of a CPAP machine although there is considerable 
uncertainty regarding the costs of both of these 
devices because of the number of models on the 
market; use of a cheaper CPAP machine and 
a more expensive MAS than those used in the 
costings could therefore reverse this relationship.
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Limitations of the 
evidence base
This assessment has highlighted that measuring 
snoring levels and impact are complex and 
therefore that accurate assessment of any 
intervention effects for non-apnoeic snoring is 
subject to a number of confounding factors. A 
general overview of these issues in relation to the 
current evidence base and their impact upon any 
conclusions that can be drawn regarding the effects 
of the technologies assessed is therefore outlined 
below.

This review included 27 primary studies on the 
effects of surgical procedures and non-surgical 
devices for the management of non-apnoeic 
snoring. In practice, however, the evidence base 
was heavily weighted towards studies that assessed 
surgical procedures (n = 24), with only one study 
on the effects of CPAP112 and two on the effects of 
MAS110,111,113 identified. This has clearly limited 
any conclusions that can be drawn regarding 
the effects of either of these devices, which are 
commonly used for the management of OSAS.2 
Additionally, despite identifying 24 studies on 
the effects of surgical procedures, the range of 
different procedures assessed was broad, which 
means that relatively few studies had assessed the 
same intervention. This was particularly pertinent 
for studies assessing the effects of UP3 in which 
different procedures (LAUP, CAUP and UEP) 
were performed as well as UP389,90,94 and in which 
the post-treatment results were pooled across the 
different intervention groups. In these studies any 
treatment effect is likely to be confounded and it is 
not possible to differentiate between the effects of 
the different procedures undertaken. Additionally, 
even for RFA procedures and Pillar implants, for 
which treatment protocols were reasonably similar, 
the strength of any conclusions that can be drawn is 
limited because of the small number of studies and 
the small sample sizes upon which the evidence is 
based.

The inclusion criteria for this review meant that 
it was restricted to studies in which patients had 
a diagnosis of OSAS ruled out at baseline; in 
addition, pre–post studies were included only if 
an objective measure of snoring sound indices, 
cephalometric radiographs or MRI scans of palatal 
length or width, or PSG parameter outcomes 
were reported. It is therefore acknowledged 
that a number of pre–post studies have been 
excluded. This is most likely to have impacted 
upon studies that have assessed the use of MAS, 

as a sleep study is indicated to rule out OSAS 
only before undertaking surgical procedures for 
primary snoring2 and not before the use of MAS. 
Furthermore, the definition of an AHI score of less 
than or equal to five to define primary snoring 
means that further studies have been excluded. 
Although employing stringent criteria to define the 
patient population means that the review is limited 
to only patients with non-apnoeic snoring, use of 
an AHI score to define the population is somewhat 
arbitrary and probably does not reflect the 
management of patients with non-apnoeic snoring 
and mild OSAS in practice.

Despite these limitations this review has included 
the best available evidence on the effects of both 
surgical procedures and non-surgical devices for 
simple snoring. However, even limiting the review 
to the most robust evidence has highlighted the 
paucity of the available evidence base and severely 
limited the conclusions that can be drawn. The 
majority of the included studies were of poor 
methodological quality with very small sample 
sizes. The total evidence available consisted of 
three RCTs, two CCTs and 22 pre–post studies, with 
a total of 1191 participants. Only five controlled 
studies were identified: one RCT86,87 and one CCT88 
on the effects of UP3 versus LAUP; one RCT on 
RFA versus placebo;103 one CCT comparing RFA 
with MAS;104 and one RCT comparing the effects 
of regular versus rigid Pillar implants.97 However, 
in almost all studies data were analysed as a change 
in the pre- and post-treatment mean in each group, 
with few between-group comparisons conducted. 
This basic failure to carry out an appropriate 
analysis prevents any direct comparison between 
interventions. Additionally, in these studies it was 
frequently unclear whether treatment groups were 
comparable at baseline,86–88,97,104 and the quality 
and level of reporting were generally poor. The 
remainder of the evidence base consisted of pre–
post studies, with variations in treatment protocols, 
definition of outcome measures and length of 
follow-up.

Drawing any comparisons between the studies 
has been further hampered by the heterogeneity 
in the way that outcome measures were defined 
and assessed across studies. Subjective measures 
of snoring were both patient and bed partner 
reported. However, it is well recognised that 
there is often little agreement between partner 
and patient reporting of snoring134 and therefore 
potentially little comparability between these 
different outcomes. Additionally, there was a large 
diversity in the way that changes in snoring were 
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measured across the studies. When categorical 
scales were used to assess changes in snoring status 
these were 2-point,104 3-point,86,87,91,96 4-point49 and 
5-point scales,88,90 usually assessing snoring as being 
‘mild, moderate or severe’ or ‘worse, unchanged, 
improved or absent’. When VAS were used these 
consisted of 6-point,135 10-point93,108,114 and 10-
cm scales,104–107 with the post-treatment change 
reported as either mean and standard deviation or 
median and range. Additionally, very few studies 
actually defined what constituted a clinically 
significant reduction or a relapse in snoring levels, 
making it difficult to interpret whether any change 
in snoring was likely to be of clinical significance.

Only 12 studies had assessed snoring severity using 
an objective measure of snoring sound. One of 
these assessed the effects of UP3 versus LAUP,86,87 
four assessed UP3 alone,49,92–94 three assessed soft 
palate RFA,104,105,107 two assessed use of MAS,110,111,113 
and one each assessed Pillar implants99,100 and 
CPAP.112 Even when snoring sound was assessed 
there was a disparity in the different parameters 
of the snoring noise evaluated. These included 
the number of snores per hour,86,87,92,93,99,100 the 
mean snoring sound intensity (dB),92,105 the 
maximum snoring noise intensity (dB),99,100,107 
the percentage of time spent in loud snoring93,104 
and the snoring energy ratio (Hz).94 Again, there 
was little comparability across these studies in the 
outcomes assessed and how they were defined, 
and none of the studies indicated what could be 
considered a clinically significant reduction in 
snoring noise volume or frequency. An additional 
problem, confounding the interpretation of such 
different snoring sound parameters assessed, 
is that objective measures of snoring may be 
valid within one laboratory but are difficult to 
compare between different laboratories because of 
significant differences in measurement techniques. 
Furthermore, although all of the studies had 
assessed snoring sound as part of a sleep study, 
snoring may differ depending on whether it is 
measured at home or in the laboratory,136,137 and 
therefore it is difficult to interpret the clinical 
relevance of any objectively measured snoring 
sound reduction.

It is also generally recognised that there is a 
poor correlation between objectively assessed 
decreases in snoring and subjectively reported 
improvement. Only four of the twelve studies 
that assessed objective snoring sound parameters 
also reported the correlation between subjective 
and objective measures. Two of the studies had 
assessed the effects of UP393,94 and two the effects 

of soft palate RFA.104,105 All four studies reported 
a significant decrease in patient- or bed partner-
reported snoring severity but in only one of 
the studies on UP393 was this corroborated by 
significant decreases in objectively measured 
snoring sound parameters. In the remaining 
three studies there was no significant correlation 
between subjectively reported outcomes and 
objectively assessed measures of snoring, despite 
the subjective measures of effect showing a 
significant improvement in snoring status94 and 
partner-reported snoring levels.104,105 Therefore, 
across the review there is little evidence to suggest 
that reductions in patient- or bed partner-assessed 
snoring levels are associated with a reduction in 
objectively measured snoring sound indices.

An additional issue highlighted by the studies is 
the disparity between patient- and bed partner-
reported levels of snoring reduction in the short 
and longer term. Across the studies that reported 
both short- and long-term follow-up data the 
relapse rate varied from approximately 6% to 
24% depending on the procedure and length 
of postoperative follow-up. Although it can be 
postulated that the decline in treatment benefit 
may represent long-term changes in the pharynx 
following surgery, this would appear unlikely as 
when measured objectively snoring volume does 
not seem to change significantly over time.94,104,105 It 
would therefore appear to represent changes in self 
or partner reporting over time. To what degree this 
is due to the Hawthorne effect138,139 or to reporting 
bias is unclear, but this obviously confounds 
interpretation of study results, making it difficult 
to compare results from studies with different 
durations of follow-up.

The assessment of adverse events across the 
studies was also severely limited because of lack 
of reporting. It was frequently unclear whether 
no adverse events occurred or whether adverse 
events were just not reported. When adverse events 
were assessed, postoperative pain (n = 10),93,95,97–

100,103,105,107,108,114 speech problems (n = 6),90,93,98–

100,105,108 swallowing difficulties (n = 5)93,98,103,105,108 
and throat disturbances (n = 6)90,91,95,103,106,108 were 
most frequently examined. Reporting of any 
further minor or moderate adverse events was 
highly variable and limited. Moreover, these tended 
to be limited to the immediate postoperative 
period with very few of the studies reporting any 
data on longer-term adverse events. This makes 
it impossible to compare the relative safety of the 
procedures and devices assessed.
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Length of follow-up was also highly variable, 
ranging from 10 days to 5 years, which again, 
because of the confounding effect of a potential 
differential treatment effect size at short- and 
longer-term follow-up times, makes it difficult to 
draw any comparisons between the effects shown in 
the different studies. The majority of the included 
studies had a follow-up time of less than 1 year, 
and there was no evidence available on the effects 
of LAUP alone, RFA, palatal stiffening techniques, 
CPAP or MAS at follow-up durations greater than 
1 year. Additionally, when studies had used an 
objective measure of snoring sound parameters 
these tended to be assessed at a shorter follow-
up duration than subjectively assessed outcomes. 
Therefore, although there is evidence on the effects 
of UP3 versus LAUP and UP3 alone at treatment 
durations up to 4 and 5 years, respectively, this 
is based on subjectively assessed patient- or bed 
partner-reported snoring severity levels. There 
is no objectively measured evidence available on 
snoring sound levels for either UP3 versus LAUP 
or UP3 alone at follow-up durations greater than 4 
months and 13 months respectively.

Overall, therefore, the main finding of this 
assessment is to highlight the paucity and poor 
quality of the evidence available on the effects 
of both surgical procedures and non-surgical 
devices for the management of primary snoring. 
Although the review has included the most robust 
evidence presently available, the results of the 
studies are likely to be subject to varying degrees of 
confounding, and differences between the studies 
have severely limited our ability to compare studies 
assessing the same interventions or to compare 
studies of different treatment options. These 
limitations should be strongly emphasised and used 
to temper the relative weight of the strength of the 
findings and conclusions presented.

Strengths and limitations 
of the assessment
Strengths and limitations of 
the clinical effects review
This assessment has used transparent and 
reproducible methods for conducting the review 
of clinical effects. However, there are a number of 
limitations that should be noted. The inclusion 
criteria, as stipulated in the project scope from 
the Health Technology Assessment Programme, 

meant that only those studies in which the patient 
population had a diagnosis of OSAS ruled out at 
baseline, through the use of either an overnight 
sleep study or oximetry, were included. Although 
this has clearly restricted the patient population 
included in this review to only those with a 
diagnosis of non-apnoeic snoring, it may also 
mean that other potentially relevant studies have 
not been included if a baseline AHI score was 
not reported. Additionally, the application of 
these criteria are likely to have severely restricted 
the included evidence on the use of MAS, as it 
is unlikely that, within a dental practice setting, 
patients would undergo a sleep study or oximetry 
before being fitted with a MAS.

Because of heterogeneity in the way that 
outcomes had been defined and measured in the 
included studies it was not possible to adequately 
synthesise the available evidence. This would have 
added strength to the findings and potentially 
provided a quantitative estimate of treatment 
effect. Additionally, evidence on adverse events 
associated with the procedures and devices was 
limited and therefore any conclusion that can be 
drawn regarding potential treatment harms is also 
severely restricted.

Associated treatment costs

It was not possible to derive a treatment cost for 
RFA of the soft palate or the tongue base because 
of the costs of the surgical device being classified 
as ‘commercial in confidence’ on approach to 
the device manufacturers. This has limited the 
comparison of the treatment costs to UP3, LAUP 
and Pillar implants for surgical procedures and to 
CPAP and MAS for non-surgical devices. Because 
of the number of different models currently 
available for both CPAP and MAS devices it was 
not possible to derive a cost for each model. 
Assumptions had to be made to derive a mean 
treatment cost for a CPAP machine. For MAS 
there is currently no information available on the 
range of costs associated with the manufacture of a 
splint and therefore costs were based upon clinical 
opinion and were limited to only one MAS model. 
Additionally, a number of simplifying assumptions 
had to be made regarding treatment to derive 
cost estimates and these are likely to be subject to 
uncertainty. The treatment costs provided should 
therefore be seen as indicative rather than as 
definitive.
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The available evidence on the effects of 
surgical procedures and non-surgical devices 

for the management of non-apnoeic snoring is 
predominantly of a low quality with small sample 
sizes. There are very few controlled studies 
available and, when these have been undertaken, 
few between-group comparisons have been 
conducted. This means that it is not possible to 
definitively compare the relative effectiveness of the 
different treatment options for the management 
of non-apnoeic snoring. The majority of evidence 
on the effects of surgical procedures and non-
surgical devices comes from small pre–post studies. 
However, evidence synthesis has been severely 
limited because of heterogeneity in the way that 
outcomes have been defined and measured. Any 
conclusions regarding the effects of the assessed 
interventions are therefore somewhat tentative.

There was no evidence available that met the 
inclusion criteria on the effects of surgery to 
improve nasal obstruction alone, uvulectomy alone, 
DAUP or tongue-based suspension procedures in 
patients with non-apnoeic snoring.

With regard to snoring levels the evidence on the 
effects of UP3 compared with LAUP is equivocal; 
there appear to be no consistent and significant 
differences in terms of effectiveness between 
the two procedures. Across the other studies it is 
clear that UP3, LAUP, RFA of the soft palate and 
Pillar implants are all associated with a significant 
reduction in patient- or bed partner-reported 
snoring levels; however, the rate of relapse is 
variable, ranging from approximately 6% to 
24% depending on the procedure and length of 
postoperative follow-up. Limited evidence on 
CPAP and use of MAS indicates that both of these 
devices are associated with a significant reduction 
in objectively assessed snoring sound parameters; 
however, it is unclear whether this reduction would 
translate into a treatment benefit that would be 
perceived as clinically relevant by patients or their 
bed partners.

Evidence of objective reductions in snoring 
sound parameters for UP3, LAUP, RFA and 
Pillar implants is limited and equivocal. There 
is therefore no strong evidence to suggest that 

reductions in patient- or bed partner-reported 
snoring levels are associated with a consistent 
reduction in objectively measured snoring sound 
indices.

The reporting of adverse events across the studies 
was limited, meaning that few comparisons 
between studies could be made. Overall across 
the studies, reported adverse events were mild to 
moderate, with postoperative pain and speech and 
swallowing difficulties reported most frequently.

Associated treatment costs

In terms of UP3, LAUP and Pillar implants there 
is no procedure that is clearly the least-cost option 
based on the limited analysis carried out. The use 
of LAUP as a one-stage procedure is cheaper than 
the use of both UP3 and Pillar implants; however, 
LAUP becomes more expensive than both UP3 
and Pillar implants when performed as a two- or 
three-stage procedure. When comparing UP3 and 
Pillar implants the use of Pillar implants is slightly 
cheaper than the use of UP3. In terms of the use 
of either CPAP or MAS, use of a MAS appears 
cheaper than the use of a CPAP machine; however, 
there are a large number of models currently on 
the market for both devices and it was not possible 
to compare the costs associated with all of the 
models. Therefore, use of a more expensive MAS 
and a cheaper CPAP machine may reverse the cost 
relationship.

Other considerations

A number of interventions appear to be effective 
in the management of simple snoring. At present 
there are no comparative studies of all available 
treatments and so the relative effectiveness of 
all treatment options is not clear. Furthermore, 
different interventions appear to be associated 
with potentially different relapse rates, although 
this is somewhat confounded by differences in 
the length of postoperative follow-up times. In 
the management of primary snoring it should be 
highlighted that, given the absence of risk to health 
from snoring without apnoea or hypopnoea, and 

Chapter 6  
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an absence of EDS, the patient is effectively being 
treated to decrease the social disturbance caused to 
their bed partner and family. It is therefore highly 
important that objective evidence on snoring is 
obtained before treatment and that treatment risks 
are minimised. The range of treatment options is 
presently large enough that a physician and patient 
can effectively choose from a number of options. 
It can therefore be suggested that, in the absence 
of evidence of any one treatment option being 
superior to the rest, patient choice is paramount. 
Additionally, the finding of differential relapse 
rates across the interventions suggests that the 
use of different interventions sequentially when 
necessary may be the optimal treatment strategy, 
which has the potential to increase treatment 
costs. Currently, however, this cannot be clarified. 
It should therefore be recognised that patients 
who have undergone either UP3 or LAUP would 
not be eligible to undergo subsequent treatment 
with either RFA or Pillar implants. On this basis 
it can be suggested that any sequential staging of 
treatment options should focus on trialling those 
interventions that are reversible or minimally 
invasive first.

Research recommendations

The evidence base assessed in the current review 
was highly heterogeneous both in terms of the 
way that outcome measures had been defined and 
measured and in terms of the level of reporting of 
study results.

Methods of measuring outcomes and of reporting 
in studies require standardisation. In particular, 

study authors need to be explicit regarding patient 
selection and provide details of methods used to 
assess the site of airway narrowing and patient 
baseline characteristics. Authors additionally need 
to define what constitutes a treatment success 
or failure a priori. When controlled studies 
are undertaken, to allow comparison between 
interventions, results must be analysed on the 
basis of between-group differences, not simply 
changes from baseline in each treatment group, 
as in many of the studies included in this review. 
Objective assessments of the number of snores per 
hour and the mean and maximum snoring volume 
should also be included, as should measures of 
bed partner quality of life. Adverse events should 
be clearly defined when necessary and all events 
reported.

There is very little controlled trial data currently 
available and, therefore, active controlled trials 
are warranted. In particular, there is currently 
only limited evidence available on CPAP and 
the use of MAS, and none of these studies has 
assessed partner-reported snoring levels as well as 
objectively assessed snoring sound indices. Trials of 
both of these devices with the use of both objective 
and subjectively assessed partner-reported 
outcomes are therefore needed.

There is currently no evidence available on either 
RFA of the soft palate or Pillar implants from 
studies that have included an objective outcome 
measure at durations of greater than 1 year post 
treatment. Evidence is therefore needed on the 
longer-term effects of both of these procedures.
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2. snoring.mp. (3231)
3. (snore or snores or snorers or snoring).tw. 
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splint$1 or intervention$2 or procedure$1 or 
surgery or surgical or suture$1 or injection$1 
or mouthpiece$1 or operation$1 or cauter$).tw. 
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6. continuous positive airway pressure/(936)
7. catheter ablation/(9727)
8. electrocoagulation/(8469)
9. electrosurgery/(2985)
10. laryngoscopy/(6236)
11. laser coagulation/(4407)
12. laser surgery/(16415)
13. mandible/su (8220)
14. mandibular advancement/mt (254)
15. mouth breathing/su (21)
16. nasal obstruction/su (627)
17. nasal septum/su (2176)
18. nose/su (2726)
19. occlusal splints/(944)
20. oral surgical procedures/(2444)
21. orthodontic appliances/(7510)
22. orthodontic appliances removable/(2279)
23. otorhinolaryngologic surgical procedures/

(1607)
24. mandible/su (8220)
25. palate/su (1407)
26. palate soft/su (955)
27. palate hard/su (181)
28. pharynx/su (2113)
29. “prostheses and implants”/(28374)
30. rhinoplasty/(4594)
31. surgical procedures minimally invasive/(7760)
32. tongue/su (829)
33. turbinates/su (623)
34. uvula/su (700)
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36. “continuous positive airway$1 pressure”.tw. 
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37. “airway$1 pressure release ventilation”.tw. (72)
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39. (palatoplasty or somnoplasty or septoplasty or 

uvuloplasty or uvloplasty).tw. (860)
40. (uvulopalatoplasty or 

uvulopalatopharyngoplasty).tw. (641)
41. uvulectomy.tw. (60)
42. (“mandibular advancement” or “mandibular 

re?positioning” or “mandibular adjustment” or 
“mandibular re?adjustment”).tw. (571)

43. “transoral radiofrequency”.tw. (1)
44. tongue suture$1.tw. (1)
45. “tongue retaining device$1”.tw. (15)
46. “radiofrequency ablation”.tw. (3449)
47. stiffening.tw. (1226)
48. snoreplasty.mp. (7)
49. septorhinoplasty.tw. (192)
50. “turbinate reduction”.tw. (40)
51. (“sinus surgery” or “nasal surgery”).tw. (2763)
52. or/5–51 (1968010)
53. 4 and 52 (1562)
54. limit 53 to year=“1980 – 2007” (1556)
55. limit 54 to (editorial or letter or “review”) (289)
56. 54 not 55 (1267)
57. limit 56 to english language (1011)
58. 56 not 57 (256)

Number of records retrieved: 1267 (1011 English 
language and 256 foreign language)

EMBASE
Years searched 1980–2007

Searched 24 May 2007

1. exp snoring/(2717)
2. snoring.mp. (3231)
3. (snore or snores or snorers or snoring).tw. 

(2652)
4. palatal flutter snoring/(2)
5. or/1–4 (3323)
6. (appliance$1 or device$1 or implant$6 or 

splint$1 or intervention$2 or procedure$1 or 
surgery or surgical or suture$1 or injection$1 
or mouthpiece$1 or operation$1 or cauter$).tw. 
(1508234)

7. positive end expiratory pressure/(12025)
8. catheter ablation/(8120)
9. electrocoagulation/(1666)
10. electrosurgery/(1755)
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11. laryngoscopy/(5836)
12. laser coagulation/(8899)
13. laser surgery/(12724)
14. mandible reconstruction/(1637)
15. mandibular resection/(722)
16. nose obstruction/su (453)
17. nose septum reconstruction/(789)
18. nose surgery/(2134)
19. nose reconstruction/(3198)
20. oral surgery/(2488)
21. exp orthodontic device/(366)
22. orthodontic appliances removable/(366)
23. ear nose throat surgery/(1074)
24. palatoplasty/(836)
25. pharynx reconstruction/(714)
26. rhinoplasty/(3198)
27. surgical technique/(165101)
28. palatal flutter snoring/su (2)
29. (CPAP or APRV or NCPAP or UPPP or UP3 or 

LAUP or CAUP or DAUP or MAS or MRA or 
TRD or RFA or CASPO).tw. (10823)

30. “continuous positive airway$1 pressure”.tw. 
(2970)

31. “airway$1 pressure release ventilation”.tw. (74)
32. (palatal implant$or palatal surgery).tw. (109)
33. (palatoplasty or somnoplasty or septoplasty or 

uvuloplasty or uvloplasty).tw. (795)
34. (uvulopalatoplasty or 

uvulopalatopharyngoplasty).tw. (591)
35. uvulectomy.tw. (43)
36. (“mandibular advancement” or “mandibular 

re?positioning” or “mandibular adjustment” or 
“mandibular re?adjustment”).tw. (263)

37. “transoral radiofrequency”.tw. (1)
38. tongue suture$1.tw. (2)
39. “tongue retaining device$1”.tw. (12)
40. “radiofrequency ablation”.tw. (3372)
41. stiffening.tw. (1115)
42. snoreplasty.mp. (6)
43. septorhinoplasty.tw. (157)
44. “turbinate$reduction”.tw. (34)
45. (“sinus surgery” or “nasal surgery”).tw. (2514)
46. or/6–45 (1600716)
47. 5 and 46 (1592)
48. limit 47 to (editorial or letter or note or 

proceeding or “review”) (320)
49. 47 not 48 (1272)
50. limit 49 to human (1240)
51. limit 50 to english language (1002)
52. from 51 keep 1–1000 (1000)
53. from 51 keep 1001–1002 (2)
54. from 53 keep 1–2 (2)
55. 50 not 51 (238)
56. from 55 keep 1–238 (238)

Number of records retrieved: 1240 (1002 English 
language and 238 foreign language)

Cochrane Central Register 
of Controlled Trials
SNORING OR SNORES OR SNORER OR 
SNORERS

Number of records retrieved: 203

NHS EED

Searched 31 May 2007
1 exp snoring/ (2727)
2 (snore or snores or snoring or snorer$1).mp. 

[mp=title, abstract, subject headings, heading 
word, drug trade name, original title, device 
manufacturer, drug manufacturer name] (3333)

3 or/1-2 (3333)
4 (cost adj2 effective$).ti,ab. (36840)
5 (cost adj benefit$).ti,ab. (4595)
6 cost effectiveness analysis/ (48752)
7 cost benefit analysis/ (26140)
8 budget$.ti,ab. (7856)
9  cost$.ti. (34871)
10 (cost$ adj2 (effective$ or utilit$ or benefit$ or 

minimi$)).ab. (40516)
11 (economic$ or pharmacoeconomic$ or 

pharmaco economic$).ti. (13584)
12 (price$ or pricing).ti,ab. (10102)
13 (financial or finance or finances or financed).

ti,ab. (20844)
14 (fee or fees).ti,ab. (4758)
15 cost/ (19077)
16 cost minimization analysis/ (1136)
17 cost of illness/ (3837)
18 cost utility analysis/ (1920)
19 drug cost/ (29563)
20 health care cost/ (52658)
21 health economics/ (9223)
22 economic evaluation/ (3610)
23 economics/ (5151)
24 pharmacoeconomics/ (885)
25 budget/ (6964)
26 economic burden.ti,ab. (1426)
27 “resource use”.ti,ab. (1908)
28 or/4-27 (215353)
29 3 and 28 (87)
30 (editorial or letter or review).pt. (1253156)
31 29 not 30 (52)
32 from 31 keep 3,7,27 (3)
33 from 32 keep 1-3 (3)

Number of records retrieved: 394
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The following abbreviations are used throughout Appendix 3: AI, apnoea index; AHI, apnoea/
hypopnoea index; BMI, body mass index; CCT, controlled clinical trial; DIS, difficulty inducing sleep; 
EDS, excessive daytime sleepiness; ESS, Epworth Sleepiness Scale; HI, hypopnoea index; LAUP, laser-
assisted uvulopalatoplasty; NA, not applicable; NR, not reported; ODI, oxygen desaturation index; OSAS, 
obstructive sleep apnoea/hypopnoea syndrome; PSG, polysomnography; RCT, randomised controlled 
trial; REM, rapid eye movement; RDI, respiratory disturbance index; SI, snoring index; SPL, sound 
pressure level; TST, total sleep time; UP3, uvulopalatopharyngoplasty; VAS, visual analogue scale.
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Osman 2000;86 200387

Titles: (1) Uvulopalatopharyngoplasty versus laser-assisted uvulopalatoplasty for the treatment of snoring: an objective 
randomised clinical trial; (2) Palatal surgery for snoring: objective long-term evaluation
Country: UK
Setting: Department of Ear, Nose and Throat (ENT) Surgery
Study design: RCT 

Interventions

Intervention 1: LAUP performed under general anaesthetic. In the procedure two linear scars were created in the oral 
surface of the soft palate from the junction of the hard and soft palate to the uvula, followed by laser uvulectomy with a 
KTP/532 potassium titanyl phosphate laser. A power setting of 12 W was used for the procedure with continuous exposure
Intervention 2: UP3 performed under general anaesthetic. In the procedure 1 cm of the soft palate was removed with the 
uvula as well as the tonsils if present. The posterior pillar was then sutured to the anterior pillar followed by mucosa-to-
mucosa closure of the palate using catgut sutures. Postoperative analgesia was standardised for a 10-day period in the form of 
regular oral or rectal diclofenac sodium.
Concurrent treatment: NR
Previous treatment(s): NR

Participants

Total n = 47 (n = 47 in short-term follow-up and n = 23 in long-term follow-up)
Number of non-apnoeic snorers included: NA
Tests to exclude OSAS: An overnight sleep study using a DENSA Compact Sleep Apnoea Screening System, which measures 
abdominal respiratory waveform, transcutaneous SaO2, pulse rate and oral/nasal airflow. Snoring was measured using the 
Snore Box recording device in the home
Tests to assess the site of airway narrowing: Complete ear, nose and throat examination and sleep nasendoscopy to assess 
palatal flutter
Inclusion criteria: Simple snores or patients with ‘mild OSA’ (AHI < 20); all had palatal flutter confirmed with sleep 
nasendoscopy
Exclusion criteria: AHI > 20
Subgroups: Subgroup of 38 patients: LAUP, n = 22, UP3, n = 16; data from the study by Osman 200386 

Participant baseline characteristics

Intervention LAUP UP3

n 29 18

Age (years), mean (range) 49.4 (27–71)

Male, n (%) 41 (87)

BMI (kg/m2), mean (range) 28 (22–38)

AHI score, mean (SD) 4.4 (3.59)

ESS score, mean (range) NR

Smokers, n (%) 24 (48.9)

Outcome measures

Outcome 1: Postoperative pain in the first 24 hours after surgery; linear analogue scale: 0 = no pain, 4 = worst pain. 
Definition of treatment success: NR
Outcome 2: Postoperative complications (short-term follow-up results). Definition of treatment success: NR
Outcome 3: Improvement in snoring (patient reported) (short-term follow-up results). Definition of treatment success: NR
Outcome 4: Snoring index calculated as the number of snores per hour slept; snoring was defined as a spike in breathing 
sound intensity, starting from baseline and returning back to baseline, whose amplitude was greater than 50 dB SPL (short- 
and long-term follow-up results reported). Definition of treatment success: NR
Outcome 5: Snoring loudness. Definition of treatment success: NA
Outcome 6: Long-term postoperative complications (assessed in subgroup only). Definition of treatment success: NR
Covariates: NR
Total length of follow-up: Full study cohort (n = 47) assessed for subjective outcomes only: mean 3.4 months (range 2–11 
months); subgroup of full study cohort assessed at long-term follow-up for objective outcomes and long-term complications: 
median 45 months (range 29–56 months)

Uvulopalatopharyngoplasty versus laser-assisted uvulopalatoplasty
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Follow-up assessment times: Full study cohort (short-term follow-up): mean 3.4 months (range 2–11 months); long-term 
follow-up (subgroup): median 45 months (range 29–56 months)
Rate of attrition at each follow-up time: First follow-up assessment: 0/47; second follow-up assessment: 24/47
Method of statistical analysis: The Wilcoxon-T non-parametric test for two independent groups

Results

Outcome 1: Postoperative pain in the first 24 hours after surgery

Intervention LAUP UP3

n (in analysis) 29 18

Pain score (mean) 1.3 1.7

Outcome 2: Postoperative complications

Intervention LAUP UP3

n (in analysis) 29 18

Patients with complications 0/29 1/18. This patient was admitted to the 
intensive care unit for 24 hours following 
surgery because of an intraoperative 
anaesthetic problem

Secondary bleeding (n) 0 3/18

Temporary velopalatal insufficiency (n) 0 3/18

Severe infection (n) 0 1/18

Outcome 3: Improvement of snoring (patient reported)

Intervention LAUP UP3

n (in analysis) 29 18

Patients reporting improvement in 
their snoring (n)

24 (83%), then reduced to 22 (76%) as 2 
patients referred by GP for late recurrence 
of snoring

16 (89%), and then reduced to 15 
(83%) as 1 patient was referred by GP 
for late recurrence of snoring

Outcome 4: Snoring index (short-term follow-up results)

Intervention LAUPa UP3b Difference between groups

n (in analysis) 22 16 NA

Patients with a higher postoperative snoring 
index, n

5c 2 Not significant at the 5% level

Patients with a lower postoperative snoring 
index, n

17 14 Not significant at the 5% level

Outcome 4: Pre- and postoperative snoring index of the pooled 24 subjects (data from the study by Osman 200387)

Snoring index Median value (snores/hour)

Preoperative 135.6

Postoperative: short term 38.2

Postoperative: long term 21.7; significantly less than pre-operative, p < 0.01

Long term verses short term –0.9; p > 0.05

Change in snoring index in LAUP group (n = 12) Reduction significant; p < 0.01

Change in snoring index in UP3 group (n = 11) Reduction significant; p < 0.05

LAUP vs UP3 at long-term follow-up Not significant; p > 0.05

Outcome 5: Median snoring loudness at short-term follow-up (check)d

Intervention LAUP UP3

n (in analysis) 12 11

Reduction in pre-and postoperative median 
snore loudness

Significant at 10% level but not at 5% 
level

Significant at 0.1% level

continued
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Outcome 5: Median snoring loudness at long-term follow-up (data from the study by Osman 200387)

Intervention LAUP UP3

n (in analysis) 12 11

Reduction in pre- and long-term follow-up: pooled data of 
the 38 subjects

NA NA

Change in the 38 subjects: LAUP vs UP3 NR NR

Outcome 6: Long-term postoperative complications (assessed in subgroup only)

Intervention LAUP UP3

n (in analysis) 12 12 

Long-term postoperative complications, n (%) 6 (50) 5 (41.7) 

Occasional choking, n (%) 2 (16.7) 2 (16.7)

Dry throat, n (%) 0 (0) 3 (25)

Mild sore throat, n (%) 3 (25) 1 (8)

Food sticking in the throat, n (%) 1(8) 1 (8)

Need for repeat procedure (unscheduled): two patients in the LAUP group and one patient in the UP3 group were re-
referred by their GP for a late recurrence of snoring

Authors’ conclusions

LAUP and UP3 are effective treatments for snoring due to palatal flutter; however, because of complications, LAUP is 
preferable to UP3 unless sleep nasendoscopy demonstrates palatal flutter with vibration at the level of the tonsils

Methodological assessment criteria

1. Study design RCT

2. Were the study eligibility criteria specified? Yes

3. Was a power calculation performed? No 

4. Is the sample size adequate? Unclear 

5. Is the number randomised stated? Yes

6. Is the study properly randomised?e Yes

7. Is allocation of treatment concealed?f No

8. Are adequate baseline details presented? Partial, for the whole group only 

9. Are groups similar at baseline? Unclear 

10. Are any baseline imbalances adequately adjusted for in the analysis? No

11. Are similar co-interventions administered? Unclear

12. Are patients blinded to treatment allocation? No

13. Are outcome assessors blinded? No

14. Is compliance with treatment adequate? Yes 

15. Was any subgroup analysis justified? Yes 

16. Were data collection tools shown or known to be valid for the 
outcome of interest?g 

Partial (both objective and subjective outcomes 
assessed) 

17. Were the data collection tools known or shown to be consistent 
and accurate in measuring the outcome of interest?h

Partial (both objective and subjective outcomes 
assessed)

18. Were all study participants accounted for? Yes (except for the subgroup analysis)

19. Are data analyses appropriate? Yes

20. Is analysis conducted on an intention to treat basis? Yes

21. Are greater than 80% of patients included in the follow-up 
assessment?

Yes



DOI: 10.3310/hta13030 Health Technology Assessment 2009; Vol. 13: No. 3

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

125

Osman 2000;86 200387

22. Are the conclusions supported by the results? Small group of subjects, unable to draw firm 
conclusions

23. Generalisability Applicable for the same population

24. Intercentre variability NA

25. General comments –

a LAUP group reduction pre–post significant at p < 0.02.
b UP3 group reduction pre–post significant at p < 0.01.
c Only one of these five patients reported continuance of his snoring problem.
d The mean snoring index of both groups combined reduced from 154 snores/hour at baseline to 75.84 snores/hour 

postoperatively (p < 0.0001).
e Adequate approaches to sequence generation: computer-generated random numbers, random number tables; 

inadequate approaches: use of alternation, case record numbers, birth dates or week days.
f Adequate approaches to concealment allocation: centrally or pharmacy-controlled randomisation; inadequate 

approaches: serially numbered envelopes, use of alternation, open random number lists.
g The tools are known to be valid or were shown to measure what they are intended to measure.
h The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test-retest, Cronbach’s alpha, inter-rater reliability).
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Title: Surgery for snoring: are partners satisfied in the long run?
Country: UK
Setting: Department of Otolaryngology, Head and Neck Surgery
Study design: CCT

Interventions

Intervention 1: Laser-assisted uvulopalatoplasty (LAUP) performed using a KTP/532 potassium titanyl phosphate laser in a 
continuous mode at a setting of 8–10 W. Procedure consisted of approximating the soft palate against the velopharyngeal 
isthmus and excising any redundant portion along the uvula. Number of procedures per patient not reported. Anaesthesia 
protocol not reported
Intervention 2. Uvulopalatopharyngoplasty (UP3) procedure consisted of excising the uvula and a rim of soft palate, removing 
both palatine tonsils and suturing of the mucosa. Anaesthesia protocol not reported
Concurrent treatment: NR
Previous treatment(s): NR

Participants

Total n = 91: LAUP, n = 50; UP3, n = 41. The study comprised a questionnaire-based survey of patients’ partners, with 60 
respondents (response rate = 65.93%), 33 (66%) in the LAUP group and 27 (65.8%) in the UP3 group
If this study includes a mixed patient population, number of non-apnoeic snorers included: NA
Tests to exclude OSAS (including test details): Unclear; the authors were contacted for further details and the test appears to 
be oximetry; authors confirmed baseline patient AHI < 5 (no further details provided)
Tests to assess the site of airway narrowing (including test details): NR
Inclusion criteria: NR
Exclusion criteria: NR

Patient baseline characteristics

Intervention LAUP UP3

n 33 27

Age (years), mean (SD; range)a 49.45 (8.92; 31–56) 51.96 (12.07; 33–59) 

Male, n (%)a 25 (76) 23 (85)

BMI (kg/m2), mean (range) NR NR

AHI score, mean (SD)b NR NR

Smokers, n (%) NR NR

Outcome measures

Outcome 1: Partner’s snoring severity. Assessed by a questionnaire with response options: absent; a lot better; slightly better; 
unchanged; worse. Definition of treatment success: NR
Outcome 2: Difficulties falling asleep because of partner’s snoring. Assessed by a questionnaire with response options: no; 
occasionally; sometimes; most often; always. Definition of treatment success: NR
Outcome 3: Sleep disturbance because of partner’s snoring. Assessed by a questionnaire with response options: no longer 
disturbed; reduced frequency; remains unchanged; increased. Definition of treatment success: NR
Outcome 4: Need to sleep in a separate room because of partner’s snoring. Assessed by a questionnaire with response 
options: no longer need to sleep in a separate room; frequency reduced; frequency remains unchanged; frequency is 
increased. Definition of treatment success: NR
Outcome 5: Quality of marital life. Assessed by means of a questionnaire, response options not reported. Definition of 
treatment success: NR
Covariates: NR
Total length of follow-up: 1 year to > 4 years
Follow-up assessment times: One follow-up assessment survey between 1 year and > 4 years post procedure
Rate of attrition: Response rate for survey = 66%
Methods of statistical analysis: NR
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Results

Outcome 1: Partner’s improvement in snoringc

Intervention LAUP UP3 Difference between groups

n (in analysis) 33 27 –

Snoring abolished (% 15 19 –

Snoring a lot better (%) 28 58 –

Snoring slightly better (%) 24 11 –

Snoring unchanged (%) 21 4 –

Snoring worse (%) 6 4 –

Not recorded (%) 6 4 –

Outcome 2: Difficulties falling asleep because of partner’s snoringd

Intervention LAUP UP3 Difference between groups

n (in analysis) 33 27 –

Always (%) 16 4 –

Most often (%) 19 0 –

Sometimes (%) 16 19 –

Occasionally (%) 22 40 –

Never (%) 24 33 –

Not recorded (%) 3 4 –

Outcome 3: Sleep disturbance because of partner’s snoringe

Intervention LAUP UP3 Difference between groups

n (in analysis) 33 27 –

No disturbed sleep, n (%) 13/33 (39.40) 16/27 (59.26) –

Reduced, n (%) 11/33 (33.33) 10/27 (37.04) –

Unchanged, n (%) 8/33 (24.24) 1/27 (3.70) –

Increased, n (%) 1/33 (3.03) 0 (0) –

Outcome 4: Need to sleep in a separate room because of partner’s snoring

Intervention LAUP UP3 Difference between groups

n (in analysis) 32 27 –

No longer need to sleep in a 
separate room, n (%)

21/32 (65.63) 22/27 (81.48) –

Need reduced, n (%) 5/32 (15.63) 3/27 (11.11) –

No change, n (%) 5/32 (15.63) 2/27 (7.41) –

Need increased, n (%) 1/32 (3.11) 0 (0) –

Outcome 5: Quality of marital lifef

Intervention LAUP UP3 Difference between groups

n (in analysis) 33 27 –

Improved, n (%) 10/33 (30.3) 11/27 (40.74) –

Unchanged, n (%) 19/33 (57.58) 9/27 (33.33) –

Undecided, n (%) 4/33 (12.12) 7/27 (25.93) –

Postoperative adverse events: NR
Long-term adverse events: NR
Need for repeat procedure (unscheduled): NR

continued
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Authors’ conclusions

The long-term results show that partners are satisfied with the results of both LAUP and UP3. It would therefore be justified 
to continue to offer these procedures in the NHS, notwithstanding their relatively low priority

Reviewer’s comments

Very few details were presented on the intervention. No details were reported on the tests to rule out OSAS or assess the 
site of airway narrowing. Only details for the baseline prognostic factors of age and gender were reported; no details on 
BMI, smoking status or alcohol consumption were given for the groups. It is therefore unclear whether the groups were 
comparable at baseline. The response rate of 66% for the survey is moderate. It is unclear whether survey respondents may 
differ significantly in their treatment response from non-respondents. No sensitivity analysis was conducted to assess the 
effect of response bias and how this could affect the results. The numbers presented in the pie charts and the figures are not 
consistent in places and no consistent method appears to have been used in the rounding of numbers. It is also unclear how 
the authors grouped the results for each of the treatment groups to perform the between-group comparisons. Given the 
small sample size and the multiple comparisons performed, the authors’ conclusions may not be robust

Methodological assessment criteria

1. Study design Parallel two-group pre–post study with 
between-group comparisons 

2. Were the study eligibility criteria specified? No

3. Was a power calculation performed? No

4. Is the sample size adequate? Unclear

5. Is the number randomised stated? NA

6. Is the study properly randomised?g NA

7. Is allocation of treatment concealed?h NA

8. Are adequate baseline details presented? No

9. Are groups similar at baseline? Unclear (prognostic variables not reported)

10. Are any baseline imbalances adequately adjusted for in the analysis? No

11. Are similar co-interventions administered? Unclear

12. Are patients blinded to treatment allocation? No

13. Are outcome assessors blinded? No

14. Is compliance with treatment adequate? Unclear 

15. Were any subgroup analyses justified? NA

16. Were data collection tools shown or known to be valid for the 
outcome of interest?i

No

17. Were the data collection tools known or shown to be consistent and 
accurate in measuring the outcome of interest? j

No

18. Were all study participants accounted for? No

19. Are data analyses appropriate? Partial

20. Is analysis conducted on an intention to treat basis? No 

21. Are greater than 80% of patients included in the follow-up 
assessment? 

No

22. Are the conclusions supported by the results? Partial 

23. Generalisability Unclear

24. Intercentre variability One-centre study

25. General comments –
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a Age and gender did not differ significantly between the groups.
b Authors contacted; AHI score confirmed as < 5.
c Numbers in the text and presented in the pie charts are not consistent because of rounding. Numbers (%) in the results 

are taken from the pie charts. Authors state that residual snoring was more frequent following LAUP than following UP3 
(Mann–Whitney U = 244; p = 0.012).

d Numbers in the text and presented in the pie charts are not consistent because of rounding. Numbers (%) in the results 
are taken from the pie charts. Authors state that after UP3 partners were significantly less likely to have trouble falling 
asleep (Mann–Whitney U = 255; p = 0.041).

e Authors state that there was a significant reduction in the disturbance of sleep and the need to wake up after both types 
of surgery (McNemar test, χ2 = 5.037; p < 0.001). There was a trend for LAUP to be less efficacious than UP3 in this 
regard (χ2 = 3.437, df = 1, p = 0.064).

f Authors state that after UP3 significantly more partners reported an improvement in quality of marital life (χ2 = 4.38; 
df = 1; p = 0.036) and quality of life (χ2 = 5.032; df = 1; p = 0.025). Both groups reported an improvement in quality of 
life.

g Adequate approaches to sequence generation: computer-generated random numbers, random number tables; 
inadequate approaches: use of alternation, case record numbers, birth dates or week days.

h Adequate approaches to concealment allocation: centrally or pharmacy-controlled randomisation; inadequate 
approaches: serially numbered envelopes, use of alternation, open random number lists.

i The tools are known to be valid or were shown to measure what they are intended to measure.
j The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).
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Title: UPPP for habitual snoring: a 5-year follow-up with respiratory sleep recordings
Country: Sweden
Setting: Departments of Otorhinolaryngology and Clinical Neurophysiology
Study design: Pre–post

Interventions

Intervention (specific details): UP3 performed according to the method described by Fujita62 with slight modifications to 
ensure velopharyngeal sphincter function postoperatively. All patients were given preoperative and postoperative antibiotic 
treatment
Concurrent treatment (specific details): NR
Previous treatment(s) (specific details): NR

Participants

Total n = 56
If this study includes a mixed patient population, number of non-apnoeic snorers included: not applicable
Tests to exclude OSAS (including test details): Respiratory sleep recording that included measurements of respiratory and 
body movements by means of a sleep apnoea mattress [static charge-sensitive bed (SCSB)] and pulse oximetry. The duration 
of obstructive respiratory movement pattern, expressed as percentage of total sleep time, was calculated from the SCSB 
recordings. The average number of O2 desaturations that were ≥ 4% per sleep hour were calculated from the results of the 
pulse oximetry
Tests to assess the site of airway narrowing (including test details): NR
Inclusion criteria: Male with habitual snoring; complete preoperative respiratory sleep recording result negative for OSAS [the 
criteria for classifying OSAS are obstructive respiratory pattern > 45%, ODI > 6 and AI ≥ 5]
Exclusion criteria: not reported
Subgroups: not applicable

Participant baseline characteristics 

n 56

Age (years), median (range) 46 (26–74)

Male, n, (%) 56 (100)

BMI (kg/m2), median (range) 26.1 (18.3–35.4)

AHI score, median (range) NR

ODI score, median (range) 0 (0–6)

Duration (% of total sleep time) of obstructive respiratory pattern, median 
(range) 

8% (0–43%)

Nadir SaO2, median (range) 92% (97–84%) 

Number of patients reporting excessive daytime sleepiness (EDS), n 51

Smoking status, n (%) NR

Outcome measures

Outcome 1: Median ODI score (calculated from the results of pulse oximetry). Definition of treatment success: NR
Outcome 2: Duration (percentage of total sleep time) of the obstructive respiratory pattern. Definition of treatment success: 
NR
Outcome 3: Nadir SaO2. Definition of treatment success: NR
Outcome 4: Number of patients reporting EDS scored on a three-grade scale from none to partial to complete recovery. 
Definition of treatment success: NR
Outcome 5: Number of patients reporting snoring scored on a three-grade scale from none to partial to complete recovery. 
Definition of treatment success: NR
Covariates: Association between changes in BMI and ODI, obstructive respiratory pattern and postoperative snoring were 
explored; association between postoperative recordings of sleep apnoea and postoperative snoring and EDS were also 
explored
Total length of follow-up: Median 63 months (range 37–83)
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Follow-up assessment times: One follow-up assessment only
Rate of attrition at each follow-up time: Only patients willing to undergo a follow-up sleep recording appear to have been 
included in the study: 53/56 patients underwent a follow-up sleep study
Methods of statistical analysis: The Wilcoxon signed rank test was used to assess pre- and postoperative changes; Spearman’s 
rank correlation coefficient was used to study the correlation between variables

Results

Outcome 1: Median ODI score

n (in analysis) 53

ODI score, median (range); p-value 1 (0–24); p = 0.0005

Outcome 2: Duration (percentage of total sleep time) of the obstructive respiratory pattern

n (in analysis) 53

Duration of obstructive respiratory pattern, median (range); p-value 17% (0–74%); p = 0.004

Outcome 3: Nadir SaO2

n (in analysis) 53

Nadir SaO2, median (range); p-value 88% (95–73%); p = 0.0001

Outcome 4: Number of patients reporting EDS 

n (in analysis) 51 (who preoperatively reported EDS)

Excessive daytime sleepiness, n (%) 29 (57)

Improvement in daytime sleepiness, n (%) 8 (16) 

No change in daytime sleepiness, n (%) 14 (27) 

Outcome 5: Number of patients reporting snoringa

n (in analysis) 56 (all complained of having loud snoring preoperatively)

No snoring, n (%) 15 (27)

Decrease in snoring, n (%) 34 (60)

Loud persistent snoring, n (%) 7 (13)

The postoperative recording results for six patients fulfilled the criteria for mild-moderate OSAS
All patients stated that they would have this procedure repeated if necessary

Association between BMI and changes in respiratory variables, snoring status and reports of EDS: Correlations between BMI 
and changes in both ODI and obstructive respiratory pattern postoperatively were significant (p = 0.003; Spearman’s rank 
correlation co-efficient). Changes in BMI also correlated significantly with reports of postoperative snoring (p = 0.04). There 
was no significant association between BMI and reports of EDS. Likewise, there was no significant association between results 
of postoperative recordings of sleep apnoea and patients’ subjective reports of EDS and snoring
The correlation between nasal obstruction measures following the laser-assisted outpatient septoplasty (LAOS) procedure, 
the changes in total nasal resistance and the changes in subjective nasal obstruction was not statistically significant (p = 0.45; 
Pearson’s correlation)

Postoperative adverse events: No serious preoperative or postoperative complications were reported
Long-term adverse events: 7/56 patients reported minor throat disturbances such as dryness or increased mucous secretion; 
1/56 patients reported a change in voice quality
Need for repeat procedure (unscheduled): NR

Authors’ conclusions

UP3 is a safe and effective treatment for habitual snoring; however, it does not give complete protection against the 
development of OSAS, and postoperative weight gain implies a less satisfactory result of surgery for upper airway obstructions 
and snoring

continued
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Reviewer’s comments

Only very limited details on the intervention are provided. Likewise, limited inclusion criteria are stated. It appears that this 
may be a subgroup of a larger patient series (n = 125), in which the patients were willing to undergo a repeat sleep study 
at follow-up. The findings may therefore not be easily generalised to other patients undergoing UP3. The crude subjective 
assessment of snoring status limits the utility of the results

Methodological assessment criteria

1. Study design Pre–post

2. Were the study eligibility criteria specified? Partial

3. Are adequate baseline details presented? Partial 

4. Are any co-interventions clearly stated? Unclear (5-year follow up); BMI had increased significantly

5. Is compliance with treatment adequate? Yes

6. Were any subgroup analyses justified? NA

7. Were data collection tools shown or known to be 
valid for the outcome of interest?b

Partial (mixture of objective and subjective outcome measures)

8. Were the data collection tools known or shown to be 
consistent and accurate in measuring the outcome of 
interest?c

Partial (mixture of objective and subjective outcome measures)

9. Were all study participants accounted for? No

10. Are greater than 80% of patients included in the 
follow-up assessment?

Yes

11. Are data analyses appropriate? Yes

12. Are the conclusions supported by the results? Partial 

13. Generalisability Only limited baseline information on participants is presented; 
however, ratio of male to female patients and BMI indicative 
of being overweight would appear representative of non-
apnoeic snorers in general. Treatment of choice was mandibular 
advancement splints (MAS) rather than palatal surgery. No 
baseline information on smoking status or alcohol consumption 
presented

14. Intercentre variability NA

15. General comments –

a A total of 87% were improved or cured. In none of the patients did the snoring become worse. 
b The tools are known to be valid or were shown to measure what they are intended to measure.
c The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).
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Title: Excessive daytime sleepiness and fatigue in nonapnoeic snorers: improvement after UPPP
Country: Sweden
Setting: Departments of Lung Medicine and Otorhinolaryngology
Study design: Two-group parallel pre–post study

Interventions

Intervention 1: UP3. Three different techniques of UP3 were used depending on the anatomy of the subject: 55 patients who 
had large tonsils and/or tonsils situated high up in a narrow angle to the uvula were operated with classic UP3 (standard UP3), 
including tonsillectomy; 31 patients with a prolonged clumsy uvula but small tonsils and normal posterior pillars were treated 
with a CO2 laser technique; 70 patients with small tonsils, a prolonged uvula and/or pronounced posterior pillars (often web-
like, attached far down onto the uvula) were operated under local anaesthesia with the same technique as for standard UP3, 
except for the tonsillectomy
Intervention 2: Conservative treatment
Concurrent treatment: NR
Previous treatment(s): NR

Participants

Total n = 231
Number of non-apnoeic snorers included: NA
Tests to exclude OSAS (including test details): Overnight oximetry (finger probe, Biox III) carried out in hospital under the 
supervision of a nurse, who also regularly noted whether or not the patient was asleep. A total of 16 patients had additional 
full-night PSG. Snoring was monitored with a microphone
Tests to assess the site of airway narrowing (including test details): Clinical examination alone
Inclusion criteria: Socially impairing snoring but without OSAS (AI < 5)
Exclusion criteria: OSAS
Subgroups: See outcomes

Participant baseline characteristics

Intervention UP3 Conservative treatment

n 155 76

Age (years), mean (range) 45 (24–74) 49 (18–79)

Male, n (%) 136 (87.7) 47 (62)

Body mass (kg), mean ± SD 80 ± 11 76 ± 13

BMI (kg/m2), mean ± SD 25 ± 3 25 ± 3

ODI score, mean ± SD 1.2 ± 1.4 1.1 ± 1.3

Concurrent disease

 Ischaemic heart disease, n 1 7

 Hypertension, n 15 17

 Diabetes, n 3 –

Upper airway evaluation

 Possibly suitable for UP3 (%) 51 37

 Clearly suitable for UP3 (%) 29 11

Proportion of patients with frequent loud 
snoring

Frequent problems: 96%; occasional 
problems: 4%; total: 100%

Frequent problems: 80%; occasional 
problems: 16%; total: 96%

Proportion of patients with awakenings 
because of nocturnal breathing problems

Frequent problems: 13%; occasional 
problems: 24%; total: 37%

Frequent problems: 7%; occasional 
problems: 25%; total: 32%

Proportion of patients with morning 
headache

Frequent problems: 15%; occasional 
problems: 29%; total: 44%

Frequent problems: 12%; occasional 
problems: 25%; total: 37%

Proportion of patients falling asleep in 
daytime

Frequent problems: 12%; occasional 
problems: 23%; total: 35%

Frequent problems: 9%; occasional 
problems: 11%; total: 20%
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Proportion of patients with problems 
staying awake when driving

Frequent problems: 8%; occasional 
problems: 21%; total: 29%

Frequent problems: 2%; occasional 
problems: 13%; total: 15%

Outcome measures

All of the patients classified their symptoms on a 5-point scale, multiple-choice questionnaire. The questionnaire consisted of 
16 symptom-related questions
Outcome 1: Difficulty inducing sleep (DIS) measured on a 5-point scale with response options: (1) none/never; (2) small/
seldom; (3) moderate/occasional; (4) severe/frequent; (5) very severe/very frequent. Definition of treatment success: NR
Outcome 2: Difficulty maintaining sleep measured on a 5-point scale with response options as above. Definition of treatment 
success: NR
Outcome 3: Excessive daytime sleepiness (EDS) measured on a 5-point scale with response options as above. Definition of 
treatment success: NR
Outcome 4: Excessive daytime tiredness measured on a 5-point scale with response options as above. Definition of treatment 
success: NR
Outcome 5: Snoring measured on a 5-point scale with response options as above. Definition of treatment success: NR
Outcome 6: Morning headache measured on a 5-point scale with response options as above. Definition of treatment success: 
NR
Outcome 7: Awakening because of trouble breathing measured on a 5-point scale with response options as above. Definition 
of treatment success: NR
Outcome 8: Involuntarily falling asleep measured on a 5-point scale with response options as above. Definition of treatment 
success: NR
Outcome 9: Falling asleep when relaxing measured on a 5-point scale with response options as above. Definition of treatment 
success: NR
Outcome 10: Tendency to take a nap in the daytime measured on a 5-point scale with response options as above. Definition 
of treatment success: NR
Outcome 11: Difficulty staying awake when driving measured on a 5-point scale with response options as above. Definition of 
treatment success: NR
Outcome 12: UP3 (1 year) vs conservative treatment. Definition of treatment success: NR
Covariates: Association between BMI before the operation and symptomatic effect, and association between age, DIS or 
operation method and symptomatic outcome
Total length of follow-up: 3 months after the operation in 105 subjects, 12 months after the operation in 50 subjects, both 
3 and 12 months after the operation in 54 subjects, a further evaluation in 49 subjects 2 years after the operation, and an 
evaluation in 9 subjects after 5 years. The comparison was made between the 76 conservatively treated patients and the 104 
UP3-treated patients who were evaluated after 1 year
Follow-up assessment times: See above
Rate of attrition at each follow-up time: Unclear
Methods of statistical analysis: Analysis of variance (ANOVA) used for analysis for repeated measures within each group; 
factorial ANOVA used to analyse comparison between groups and the three operation methods; Spearman’s rank correlation 
used to assess association between variables and treatment outcome; a p-value of 0.05 (two-tailed) was considered significant

Results

Outcomes 1–11: Change in reported symptoms before and 3 or 12 months after UP3 (n = 155; 3 months in 105 patients and 
12 months in 50 patients) 

Method of measurement: NR

Before After Before vs after

Moderate or 
occasional 
problems (%)

Severe or 
frequent 
problems (%)

Moderate or 
occasional 
problems (%)

Severe or 
frequent 
problems (%)

Difficulty inducing sleep 14 7 11 4 p < 0.05

Difficulty maintaining sleep 33 27 19 10 p < 0.001

Excessive daytime sleepiness 36 41 21 7 p < 0.001

Excessive daytime tiredness 31 54 30 7 p < 0.001

Snoring 4 96 21 18 p < 0.001
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Morning headache 29 15 10 2 p < 0.001

Awakening because of trouble 
breathing

24 13 7 3 p < 0.001

Involuntarily falling asleep 23 12 6 3 p < 0.001

Falling asleep when relaxing 30 50 29 26 p < 0.001

Tendency to take a nap in the 
daytime

26 20 20 6 p < 0.001

Difficulty staying awake when driving 21 8 6 1 p < 0.001

Outcome: long-term effects of UP3 (for 49 patients after 2 years): compared with baseline a significant improvement in 
all outcomes was observed (p < 0.01), except for problems with falling asleep when relaxing and staying awake when 
driving (p < 0.05); compared with baseline there was also an increase in the number of patients with frequent snoring (10 
vs 14; p < 0.05); otherwise, no significant differences in symptoms scores were found between the first- and second-year 
postoperative follow-up
Outcome: long-term effects of UP3 (for nine patients after 5 years): compared with baseline (no patients) the number of 
patients who felt rested on wakening was seven and five, respectively, at the first- and fifth-year postoperative evaluation 
(p < 0.001); the number of patients with frequent snoring had decreased from nine to one and two, respectively, at the first- 
and fifth-year evaluation (p < 0.001) 

Outcome 13: UP3 (1 year postoperative) vs conservative treatment

Note: Results are reported in graphs and minimally in the text. It is unclear whether the p-values stated in the text are for the 
moderate/occasional problems, severe or frequent problems, or the total of both categories. The specific figures from the 
graphs are therefore not extracted by us
Authors report: After treatment the UP3 patients had significantly lower symptom scores for tendency to take a nap in the 
daytime (p < 0.05), EDS, morning headache (p < 0.01), difficulty maintaining sleep, snoring, and waking because of trouble 
breathing (p < 0.001) than the conservatively-treated patients. More patients in the UP3 group also felt rested when wakening 
in the morning (p < 0.01)
Postoperative adverse events: Minor side effect after UP3
Method of measurement: NR

Total number of patients with minor side effects (n) 42

Irritation in the throat (n) 19

Nasal speech (n) 3

Hypersecretion in the throat (n) 4

Nasal regurgitation (n) 3

Tendency to vomit (n) 1

Patients who had standard technique and with side effects (%) 35

Patients who had CO2 laser treatment and with side effects (%) 23

Patients had UP3 performed under local anaesthesia and with side effects (%) 23

Long-term adverse events: NR
Need for repeat procedure (unscheduled): NR
No significant correlation was found between the result of treatment and change in body mass in the UP3-treated group

Authors’ conclusions

UP3 is effective in relieving snoring and EDS in non-apnoeic snorers

Methodological assessment criteria

1. Study design Pre–post

2. Were the study eligibility criteria specified? Partial

3. Are adequate baseline details presented? Partial

4. Are similar co-interventions administered? Unclear 

5. Is compliance with treatment adequate? Yes
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6. Were any subgroup analyses justified? Yes

7. Were data collection tools shown or known to be valid for the outcome of interest?a No

8. Were the data collection tools known or shown to be consistent and accurate in measuring 
the outcome of interest?b

No

9. Were all study participants accounted for? No

10. Are greater than 80% of patients included in the follow-up assessment? Yes

11. Are data analyses appropriate? Unclear 

12. Are the conclusions supported by the results? Yes

13. Generalisability Unclear 

14. Intercentre variability One-centre study

15. General comments –

a The tools are known to be valid or were shown to measure what they are intended to measure
b The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability)
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Title: Acoustic analysis of snoring before and after palatal surgery
Country: UK
Setting: Department of Otolaryngology Head and Neck Surgery
Study design: Parallel two-group pre–post study (patients were randomised into two treatment groups but only pre- and 
postoperative data were compared)

Interventions

Intervention 1: Traditional palatoplasty with uvulectomy (TP) performed transorally on an anaesthetised patient. Using a CO2 
laser a central strip of soft palate mucosa extending from the junction of the hard and soft palate to the free edge of the soft 
palate was excised. The uvula was then amputated
Intervention 2: Uvulopalatal elevation palatoplasty (UEP). Involved the removal of a central strip of soft palate mucosa as 
described previously. Using a CO2 laser a central strip of soft palate mucosa extending onto the oral surface of the uvula was 
performed. Instead of amputation of the uvula (as in TP) the raw surfaces of the soft palate and uvula were brought into 
apposition by reflecting, and then suturing, the oral surface of the uvula onto the oral surface of the soft palate
Concurrent treatment: NR
Previous treatment(s): NR

Participants

Total n = 54 (n = 35 in the analysis – those who underwent the operation, met the inclusion criteria and were adequately 
followed up)
Number of non-apnoeic snorers included: 53 (after the operation one patient was subsequently found to have a presurgical 
AHI > 15 and therefore was excluded from the final analysis)
Tests to exclude OSAS (including test details): Overnight PSG or limited respiratory sleep studies. Acoustic analysis of 
snoring sound and video measurements: snoring sounds were recorded onto a Sony digital audio tape (DAT) recorder using 
a microphone suspended from the boom arm of a microphone stand 60 cm above the mattress at the head end of the bed. 
An infrared camera, linked to a domestic video recorder, was directed at the patient’s head. The 4-hour DAT recordings 
were downloaded onto the computer hard disc and, using the video recordings and audio software package Cool Edit®, 
the recordings were searched for typical snoring sounds. Sound files comprising the first 100 inspiratory snores with the 
patient sleeping in a supine position were created and used for all analyses. The acoustic parameters assessed were: (1) snore 
duration (seconds): the average duration of each inspiratory snoring sound; (2) snore loudness (dB): the loudness calibration 
curve was used to calculate the loudness of the inspiratory snoring sounds included in the 100 snore files; the average loudness 
of the inspiratory snoring sounds included in the 100 snore files was also calculated; (3) snore periodicity (%): measured 
by segmenting the 100 snore files of each patient into 200-ms frames; each frame was classified as either periodic or non-
periodic based on the autocorrelation function of the frame; snore periodicity was defined as the ratio of the number of 
periodic frames to the total number of frames; (4) energy ratio: the energy content of the frequency sub-bands 0–200 Hz, 
0–250 Hz and 0–400 Hz was calculated on a frame-by-frame basis and the total energy of the 100 snore files was calculated; 
the frequency-band energy ratio for the 100 snore files was defined as the ratio of the sub-band energy to the total energy in 
all frames
Tests to assess the site of airway narrowing (including test details): NR
Inclusion criteria: Patients complaining of loud snoring every night causing social disruption and with an AHI < 15/hour
Exclusion criteria: Patients with an AHI > 15/hour
Subgroups: NA

Participant baseline characteristics

Interventiona UEP TP UEP vs TP

n randomised 28 26 No statistical differences 
demonstrable between 
the two groups for all 
parameters 

n analysed 19 16

Age (years), mean (range) 47 (33–60) 46 (24–65)

Male, n (%) 17/19 (89) 13/16 (81)

BMI (kg/m2), mean (range) 31.4 (24.9–47.2) 29.6 (24.3–36.0)

AHI score, median (range) 2.7 (0–12.8) 3.8 (1.0–10.9)

ESS score, median (range) 7 (0–15) 9 (2–17)

Smokers, n (%) NR NR

Median ethyl alcohol units/week (range) 4 (1–6) 3 (1–7)

Mean peak nasal inspiratory flow rate, cmO2/min(range) 148 (90–230) 135 (80–190)
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Outcome measures

Outcome 1: Snore periodicity (%) assessed as the ratio of the number of periodic frames to the total number of frames. 
Definition of treatment success: NR
Outcome 2: Snore energy ratio 0–200 Hz. Definition of treatment success: NR
Outcome 3: Snore energy ratio 0–250 Hz. Definition of treatment success: NR
Outcome 4: Snore energy ratio 0–400 Hz. Definition of treatment success: NR
Outcome 5: Postoperative improvement in snoring symptoms assessed by a questionnaire with response categories: no 
postoperative improvement; initial improvement not sustained for longer than 1 year; sustained improvement. Definition of 
treatment success: NR
Covariates: Correlation between age, peak nasal inspiratory flow rate (measured as the best-of-three maximum rate), EES 
and alcohol intake and acoustic parameters; correlation between the objective acoustic and subjective questionnaire outcomes 
on an individual patient level. Age, peak nasal inspiratory flow rate, ESS score and reported alcohol intake (units/week) were 
unrelated to either the early improvement or the subsequent decline in the acoustic parameters after surgery; no relationship 
was found between the objective acoustic and subjective questionnaire outcomes on an individual patient level
Total length of follow-up: 2–9 months for acoustic analysis in 35 patients; median of 21 (range 11–26) months for questionnaire 
in 34 patients
Follow-up assessment times: The first postoperative recordings (T1) were made between 1.0 and 4.1 (mean 2.5) months; the 
second postoperative recording (T2) occurred between 5.9 and 17.5 (mean 9.7) months after surgery. The questionnaire was 
completed at a median of 21 months (range 11–26 months) after the surgery
Rate of attrition at each follow-up time: Acoustic parameters second follow-up: 19/54; patient questionnaire: 20/54
Methods of statistical analysis: Repeated measures analysis of variance (ANOVA) performed for preoperative, early 
postoperative and late postoperative acoustic measurements; preoperative BMI (> 30 or < 30), type of palatoplasty and sex 
were incorporated as between-group variables; paired t-test analysis (with Bonferroni correction) was performed to compare 
the preoperative results with early and late postoperative results; multiple regressions used to assess contributions of age, 
peak nasal inspiratory flow rate, ESS score and alcohol intake to surgical outcome; questionnaire data was analysed using 
non-parametric methods; Spearman’s rank correlation used to assess association between subject questionnaire results and 
acoustic measures

Results

Outcome 1: Snore periodicity (%)

n (in analysis) 35

Baseline, median (90th centile) 87.5 (80–94)

First postoperative follow-up (T1), median (90th centile) 84.0 (73–88) Baseline vs T1: p < 0.001

Second postoperative follow-up (T2), median (90th centile) 84.5 (73.5–91.5) Baseline vs T2: p < 0.079

Outcome 2: Snore energy ratio 0–200 Hz

n (in analysis) 35

Baseline, median (90th centile) 74 (37–87)

First postoperative follow-up (T1), median (90th centile) 58.5 (18–83) Baseline vs T1: p = 0.02

Second postoperative follow-up (T2), median (90th centile) 67 (14–89) Baseline vs T2: p = 0.077

Outcome 3: Snore energy ratio 0–250 Hz

n (in analysis) 35

Baseline, median (90th centile) 83 (42–93)

First postoperative follow-up (T1), median (90th centile) 73 (86.5–28) Baseline vs T1: p = 0.002

Second postoperative follow-up (T2), median (90th centile) 74 (27–93) Baseline vs T2: p = 0.039

Outcome 4: Snore energy ratio 0–400 Hz

n (in analysis) 35

Baseline, median (90th centile) 95 (97–56)

First postoperative follow-up (T1), median (90th centile) 85 (95.5–49.5) Baseline vs T1: p = 0.047

Second postoperative follow-up (T2), median (90th centile) 89 (50–97.5) Baseline vs T2: p = 0.126
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Outcome 5: Postoperative improvement in snoring symptoms (assessed by 34 patients at a median of 21 (range 11–26) months after 
surgery)

n (in analysis) 34

No postoperative improvement, n (%) 4 (11.8)

An initial improvement sustained for ≤ 1 year, n (%) 19 (55.9)

An improvement ‘until now’b 11 (32.3)

The authors also stated that paired comparison of snore loudness between the early and late postoperative recordings 
showed a significant increase in snore loudness between recordings (p < 0.001)
Postoperative adverse events: NR
Long-term adverse events: NR
Need for repeat procedure (unscheduled): NR

Authors’ conclusions

Postoperative changes in the acoustic parameters of snoring sound following palatal surgery are demonstrable but short-lived. 
The subjective and objective results correlated poorly

Methodological assessment criteria

1. Study design Parallel two-group pre–post

2. Were the study eligibility criteria specified? Yes 

3. Are adequate baseline details presented? Yes

4. Are any co-interventions clearly stated? NA

5. Is compliance with treatment adequate? Yes 

6. Were any subgroup analyses justified? NA

7. Were data collection tools shown or known to be valid for the outcome 
of interest?c

Partial (both objective and subjective outcome 
measures assessed) 

8. Were the data collection tools known or shown to be consistent and 
accurate in measuring the outcome of interest?d

Partial (both objective and subjective outcome 
measures assessed)

9. Were all study participants accounted for? No 

10. Are greater than 80% of patients included in the follow-up assessment? No

11. Are data analyses appropriate? Yes 

12. Are the conclusions supported by the results? Yes 

13. Generalisability Applicable to socially disrupted snorers with a 
AHI < 15/hour

14. Intercentre variability NA

15. General comments –

a Data are based on the patients who were included in the analysis.
b Median of 21 (range 11–26) months after surgery.
c The tools are known to be valid or were shown to measure what they are intended to measure.
d The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).
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Title: Subjective and objective assessment of uvulopalatopharyngoplasty for treatment of snoring and obstructive sleep apnoea
Country: Canada
Setting: Department of Medicine and Otolaryngology
Study design: Pre–post

Interventions

Intervention (specific details): UP3, carried out as described by Fujita61 (no further details reported); in 29 patients additional 
surgery was performed at the time of UP3 (turbinoplasty, n = 20; septoplasty, n = 2; combined turbinoplasty and septoplasty, 
n = 7)
Concurrent treatment (specific details): 18 non-apnoeics had nasal surgery in addition to UP3; details not reported
Previous treatment(s): NR

Participants

Total n = 100; patients were mailed postoperative questionnaires and 69 patients responded (response rate: 69%; 38 non-
apnoeic snorers and 31 OSAS patients)
If this study includes a mixed patient population, number of non-apnoeic snorers included: 38
Tests to exclude OSAS (including test details): PSG, carried out at a mean of 7 (SD 8) months before surgery, including 
measurements of snoring. Chest wall and abdominal movements were measured using inductance plethysmography, oronasal 
flow was detected using a pair of thermistors, and sound intensity was measured using a microphone placed on the forehead 
just above the level of the nasion. Normal breathing was registered at less than 50 dB. Snoring index (SI) was defined as the 
number of spikes in sound intensity exceeding 50 dB per hour of sleep. Mean (dB mean) and maximal (dB max) sound intensity 
were recorded
Tests to assess the site of airway narrowing (including test details): Upper airway examination by an otolaryngologist including 
examination of the nasopharynx, oropharynx,and laryngopharynx
Inclusion criteria: Patients who were originally referred to the sleep clinic because of snoring and who subsequently underwent 
UP3; they were unselected, consecutive patients taken from the surgical list
Exclusion criteria: NR
Subgroups: Non-apnoeic snorers = 58; OSAS = 42 (in analysis non-apnoeic snorers = 38; OSAS = 31)

Participant baseline characteristics

na 38 (non-apnoeic snorer subgroup)

Age (years), mean ± SD (range) Not reported by subgroup 

Male, n (%) Not reported by subgroup

BMI (kg/m2), mean ± SD (range) Not reported by subgroup

AHI score, mean ± SD 5.1 ± 2.9 

ESS score, mean (range) Not reported by subgroup

Smokers, n (%) Not reported by subgroup

SI (events/hour), mean ± SD 252 ± 280

Mean sound intensity (dB), mean ± SD 64.8 ± 7.2

Maximal sound intensity (dB), mean ± SD 85.3 ± 12.3

Lowest O2 saturation (%), mean ± SD (range)] Not reported by subgroup

Outcome measures

Outcome 1: SI assessed as the number of spikes in sound intensity exceeding 50 dB per hour of sleep. Definition of treatment 
success: NR
Outcome 2: Mean sound intensity. Definition of treatment success: NR
Outcome 3: Maximal sound intensity. Definition of treatment success: NR
(Outcome data on snoring status, interference with bed partner’s sleep and satisfaction with surgery not reported separately 
by subgroup)
Covariates: Correlation between preoperative characteristics (AHI, BMI, SI) and snoring was explored
Total length of follow-up: 45 ± 20 months (PSG carried out at 13 ± 15months)
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Follow-up assessment times: After surgery, PSG was carried out at 13 ± 15 months and questionnaires were completed at 
45 ± 20 months
Rate of attrition at each follow-up time: 31/100
Methods of statistical analysis: Pre–post objective measures were compared using the Wilcoxon signed rank test and pre–post 
subjective measures were compared using chi-squared tests

Results

Outcomes 1–3: SI, mean sound intensity and maximal sound intensity 

n (in analysis) 38

SI (events/hour), mean ± SD 296 ± 318; p = 0.70

Mean sound intensity (dB), mean ± SD 65.4 ± 7.0, p = 0.65

Maximal sound intensity (dB), mean ± SD 80.5 ± 14.5, p = 0.84

Outcome 4: Multiple linear regression analysis of AHI, BMI, preoperative SI with reduction in postoperative snoring

Only preoperative SI correlated with postoperative SI (r2 = +0.49, p < 0.001)

Postoperative adverse events: NR
Long-term adverse events: NR
Need for repeat procedure (unscheduled): NR

Authors’ conclusions

UP3 in unselected snoring patients has a poor success rate when assessed objectively but is quite successful if the assessment 
is based on the subjective impression of patients (and their bed partners) 

Methodological assessment criteria

1. Study design Pre–post

2. Were the study eligibility criteria specified? Partial 

3. Are adequate baseline details presented? Yes (but not reported by subgroup) 

4. Are any co-interventions clearly stated? Unclear

5. Is compliance with treatment adequate? Yes

6. Were any subgroup analyses justified? Yes

7. Were data collection tools shown or known to be valid for the outcome of 
interest?b

Partial (both objective and subjective 
outcomes assessed) 

8. Were the data collection tools known or shown to be consistent and accurate 
in measuring the outcome of interest?c

Partial (both objective and subjective 
outcomes assessed)

9. Were all study participants accounted for? No

10. Are greater than 80% of patients included in the follow-up assessment? No

11. Are data analyses appropriate? Yes

12. Are the conclusions supported by the results? Yes

13. Generalisability Inclusive eligibility criteria

14. Intercentre variability One-centre study

15. General comments –

a Data reported on age, BMI and lowest O2 saturation level but not by subgroup. There were no significant differences in 
preoperative SI, mean sound intensity and maximal sound intensity between non-apnoeic snorer survey responders and 
non-responders.

b The tools are known to be valid or were shown to measure what they are intended to measure.
c The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).
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Title: Uvulopalatal flap for snoring on an outpatient basis
Country: Thailand
Setting: Department of Otolaryngology
Study design: Pre–post

Interventions

Intervention (specific details): Reversible uvulopalatal flap (introduced by Powell). The procedure was performed under local 
anaesthesia on an outpatient basis instead of under general anaesthesia, with the patient sitting upright. The soft palate was 
anaesthetised with lidocaine 10% topical dispersion, and 5–10 ml lidocaine 10% topical dispersion and 5–10 ml lidocaine 1% 
with epinephrine solution was additionally injected at three points 1 cm from the lower rim of the palatal arch. The mucosa, 
submucosa with gland, and fat on the lingual surface of the uvula and soft palate were removed with cold knife dissection. 
The uvular tip was amputated and the uvula was reflected back toward the soft palate and fixated into its new position with 
multiple sutures of 3–0 polyglycolic acid. Mean operative time was 20.2 ± 7.4 (range 15–30) minutes
Concurrent treatment (specific details): Postoperative medications included antibiotic suspension for 7 days and 
acetaminophen with codeine elixir and/or anaesthetic lozenges as needed for pain relief
Previous treatment(s) (specific details): NR

Participants

Total n = 60 (n = 56 in the analysis)
If this study includes a mixed patient population, number of non-apnoeic snorers included: NA
Tests to exclude OSAS (including test details): PSG if patients or bed partners reported any doubtful signs or symptoms of 
daytime sleepiness, restless disturbed sleep or observed apnoea. PSG included electroencephalogram, electro-oculogram, 
chin and leg electromyograms, electrocardiogram, airflow, thoracic and abdominal efforts, pulse oximetry and snoring 
sound (Alice 3 System; Healthdyne Technologies, Altanta, GA). Snoring sound was measured with a microphone placed at 
the trachea. The snoring events per hour (snoring index) and the percentage of sleep time in which snoring was loud, soft 
or absent were counted. Results were analysed according to the standards of the American Thoracic Society. OSAS was 
diagnosed when the sleep disturbance index (SDI) > 5
Tests to assess the site of airway narrowing (including test details): Thorough physical and otolaryngological examinations 
were performed. The nasopharynx, hypopharynx and larynx were visualised with the use of flexible nasopharyngoscopy 
with Muller’s manoeuvre performed at the levels of the nasopharynx and the base of the tongue. A lateral cephalogram 
was undertaken to assess bony and soft tissue measurements for baseline data and inclusion and exclusion purposes and for 
comparison of changes in the soft palate length and width after treatment. The traditional measurements to evaluate the 
airway included the angle between the sellar point to nasion line and maxillary point A (SNA) and mandibular point B (SNB), 
posterior airway space (PAS), distance between the posterior nasal spine and uvula (PNS-P), length between the mandibular 
plane and the hyoid bone (MP-H), and soft palate width (PW)
Inclusion criteria: Patients who had a primary complaint of snoring and with an elongated uvula or thick soft palate
Exclusion criteria: OSAS; patients with a primary complaint of apnoeic events; patients with severe nasal obstruction
Subgroups: NA

Participant baseline characteristics

n 56

Age (years), mean ± SD (range) 48.3 ± 10.2 (28–50)

Male, n (%) 50 (89.3)

BMI (kg/m2), mean ± SD (range) 26.5 ± 2.4 (25.2–28.2)

AHI score, mean ± SD 3.2 ± 1.2

ESS score, mean ± SD 8.1 ± 3.5

Smokers, n (%) NR

Sleep efficiency (%) 88.6 ± 8.6

Nadir SaO2 (%) 86.4 ± 9.6

Mean SaO2 (%) 95.2 ± 1.8

Snoring index (events/hour) 245.8 ± 40.8

Time spent in loud snoring (%) 10.2 ± 1.5

Severity of snoring (partner assessed VAS), mean ± SD 8.2 ± 3.4

Rapid eye movement (REM) sleep (%) 14.1 ± 5.2 
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Cephalometric data:

 SNA (°) 80.5 ± 3.4

 SNB (°) 79.2 ± 2.9

 PAS (mm) 10.2 ± 2.4

 PNS-P (mm) 45.7 ± 4.1

 PW (mm) 10.4 ± 2.1

 MP-H (mm) 18.5 ± 3.2

Outcome measures

Outcome 1: AHI score. Definition of treatment success: NA
Outcome 2: Sleep efficiency (%). Definition of treatment success: NR
Outcome 3: Nadir SaO2 (%). Definition of treatment success: NA
Outcome 4: Mean SaO2 (%). Definition of treatment success: NR
Outcome 5: Snoring index (events/hour). Definition of treatment success: NR
Outcome 6: Time spent in loud snoring (%). Definition of treatment success: NR
Outcome 7: Severity of snoring assessed by partner using a 10-cm VAS with ‘no snoring’ at the far left and ‘severe snoring’ at 
the far right. Definition of treatment success: snoring was considered to be cured if the VAS score after treatment was less 
than half of the baseline score
Outcome 8: ESS score. Definition of treatment success: NR
Outcome 9: Changes in cephalometric parameters. Definition of treatment success: NR
Outcome 10: Mean VAS for pain, swallowing problems and speech problems after uvulopalatal flap procedure (10-cm VAS 
scale). Definition of treatment success: NR
Covariates: Association between snoring measures, the changes in snoring index and changes in partner-reported snoring, 
and association between changes in percentage of time spent in loud snoring and changes in partner-reported snoring were 
explored
Total length of follow-up: Mean 14.2 (SD 3.2; range 12–20) months
Follow-up assessment times: Four (at follow-up at 1, 2 and 4 weeks and after a repeat PSG was completed at a mean of 14.2 
months)
Rate of attrition at each follow-up time: 0
Methods of statistical analysis: Pre–post data were analysed by Student’s t-test and Pearson’s correlation

Results

Outcomes 1–8

n (in analysis) 56 

AHI score, mean ± SD 3.0 ± 1.8; p = NS

Sleep efficiency (%) 87.5 ± 10.4; p = NS 

Lowest O2 saturation (%) 88.2 ± 5.5; p = NS 

Mean O2 saturation (%) 96.2 ± 2.1; p = NS 

Snoring index (events/hour) 42.5 ± 20.7; p < 0.05

Time spent in loud snoring (%) 3.8 ± 2.8; p < 0.001

Severity of snoring (partner, VAS), mean ± SDa 2.6 ± 1.4; p < 0.05

ESS score, mean ± SD 5.2 ± 3.2; p < 0.001

Outcome 9: Postoperative cephalometric parameters

n (in the analysis) 56

SNA (°) 80.2 ± 4.5; p = NS 

SNB (°) 79.5 ± 3.4; p = NS

PAS (mm) 10.4 ± 3.2; p = NS

PNS-P (mm) 42.1 ± 2.8; p < 0.001 
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PW (mm) 8.4 ± 2.4; p < 0.05

MP-H (mm) 18.2 ± 4.1; p = NS 

Outcome 10: Mean VAS for pain, swallowing problems and speech problems after uvulopalatal flap procedure

Mean VAS (0 = none, 10 = excruciating or intense pain/extreme difficulty talking/unable to swallow without pain even after 
analgesic medication) for speech dropped from 2.2 in day 2 to 0.2 in day 10; for swallowing problems dropped from 4.4 in day 
1 to 0.5 in day 10; for pain dropped from 6.9 in day 1 to 1.1 in day 10

Correlation: Positive and significant correlation was found between the changes in percentage of time spent in loud snoring 
and the changes in subjective severity of snoring VAS (r = 0.42; p < 0.05), and between the changes in snoring index and the 
subjective severity of snoring VAS (r = 0.38; p < 0.05)
Postoperative adverse events: Transient nasal regurgitation: 2/56 (4%); foreign body sensation: 1/56 (2%); mild to moderate 
pain for 5–7 days (VAS ≤ 7): n = 52; bleeding, dysphagia, infection and nasopharyngeal stenosis were not observed
Long-term adverse events: NR
Need for repeat procedure (unscheduled): NR

Authors’ conclusions

Uvulopalatal flap decreases subjective and objective results of snoring. It appears to be a safe and effective procedure in 
carefully selected patients

Methodological assessment criteria

1. Study design Pre–post

2. Were the study eligibility criteria specified? Partial 

3. Are adequate baseline details presented? Partial

4. Are any co-interventions clearly stated? NA

5. Is compliance with treatment adequate? Yes 

6. Were any subgroup analyses justified? NA 

7. Were data collection tools shown or known to be valid for the outcome of 
interest?b

Partial (both subjective and objective 
outcomes were assessed) 

8. Were the data collection tools known or shown to be consistent and accurate 
in measuring the outcome of interest?c

Partial (both subjective and objective 
outcomes were assessed) 

9. Were all study participants accounted for? No

10. Are greater than 80% of patients included in the follow-up assessment? Yes

11. Are data analyses appropriate? Yes

12. Are the conclusions supported by the results? Yes

13. Generalisability Applicable to primary snorers with an 
elongated uvula or a thick soft palate

14. Intercentre variability One-centre study

15. General comments –

a Snoring was considered to be cured by the bed partner if the VAS after treatment was less than half the score at baseline; 
based on this criterion the problem was eliminated in 88% (49/56) of the patients. 

b The tools are known to be valid or were shown to measure what they are intended to measure.
c The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).
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Title: QT dispersion in non-apnoeic simple snoring patients and the effect of surgical therapy on QT dispersion
Country: Turkey
Setting: NR
Study design: Pre–post

Interventions

Intervention: Three different techniques of UP3 were used: UP3 (uvulopalatopharyngoplasty), details NR; LAUP (laser-
assisted uvulopalatoplasty), details NR; CAUP (cautery-assisted uvulopalatoplasty), details NR
Concurrent treatment: NR
Previous treatment(s): NR

Participants

Total n = 162 (after surgery 9/162 patients had mild or moderate snoring with a snoring assessment table score of 2; the ECG 
results of these patients were excluded)
Number of non-apnoeic snorers included: 162
Tests to exclude OSAS (including test details): PSG in the preoperative first week, performed on each patient for a period of 
8 hours at the sleep laboratory (Grass Model 78 polysomnography; Grass Technologies, West Warwick, RI). Patients were not 
allowed to use any medications in the 48 hours before PSG and to drink tea, coffee or alcohol on the day of testing. PSG was 
obtained at a paper speed of 10 mm/second and the monitor viewing rate was 30 seconds. 12-lead surface ECG for cardiac 
evaluation and standard echocardiogram were performed
Tests to assess the site of airway narrowing (including test details): Ear, nose and throat examinations were performed as well 
as computerised tomography of the paranasal sinus if needed
Inclusion criteria: Married patients who had simple snoring without apnoea, with a snoring score at or below level 4 on a 
6-point scale
Exclusion criteria: NR
Subgroups: NR

Participant baseline characteristics

n 162

Age (years), mean ± SD (range) 35.2 ± 14.1 (21–51)

Male, n (%) 114 (70)

BMI (kg/m2), mean ± SD 28.1 ± 1.2 

AHI score, mean < 5

ESS score, mean NR

Snoring score ≤ 4

Smokers, n (%) 135 (83) (mean one box of cigarettes/day)

QTc min (milliseconds), mean ± SD 381.3 ± 7.8

QTc max (milliseconds), mean ± SD 449.6 ± 6.2

QTc dispersion (milliseconds), mean ± SD 68.2 ± 8.4

Outcome measures

Outcome 1: Snoring assessed by partner on a 6-point scale (0 = no snoring, 1 = rarely soft snoring, 2 = continuous soft 
snoring without hypopnoea or apnoea, 3 = moderately loud snoring without hypopnoea or apnoea, 4 = loud snoring without 
hypopnoea or apnoea, 5 = snoring with hypopnoea or apnoea). Definition of treatment success: postoperative score of 0 or 1
Outcome 2: QTc min (milliseconds). Definition of treatment success: NR
Outcome 3: QTc max (milliseconds). Definition of treatment success: NR
Outcome 4: QTc dispersion (milliseconds). Definition of treatment success: NR
Outcome 5: Surgical procedure success
Covariates: NR

continued



Appendix 3

146

Ozmen 200689

Total length of follow-up: 1 month
Follow-up assessment times: 1 month
Rate of attrition at each follow-up time: 0
Method of statistical analysis: Pre–post scores were compared using Student’s t-test; p-values of < 0.05 were considered 
significant

Results

Outcome 1: Snoring score (partner) 

n (in analysis) 162

Patients who had mild or moderate snoring after the operation, n (%) 9 (6), with a snoring assessment score of 2

Outcomes 2–4: QTc min, QTc max, QTc dispersion (milliseconds)

n (in analysis) 153

QTc min (milliseconds), mean ± SD 397.0 ± 5.9; p < 0.001

QTc max (milliseconds), mean ± SD 440.0 ± 20.8; p < 0.001

QTc dispersion (milliseconds), mean ± SD 43.8 ± 6.2; p < 0.001

Outcome 5: Surgical procedure success

n (in analysis) 162

Patients with surgical procedure success, n (%) 153 (94)

Postoperative adverse events: no complications
Long-term adverse events: NR
Need for repeat procedure (unscheduled): NR

Authors’ conclusions

QT dispersion is increased in simple snoring patients without apnoea and it decreases after surgical intervention

Methodological assessment criteria

1. Study design Pre–post

2. Were the study eligibility criteria specified? Partial

3. Are adequate baseline details presented? Partial 

4. Are any co-interventions clearly stated? No 

5. Is compliance with treatment adequate? Unclear

6. Were any subgroup analyses justified? NA

7. Were data collection tools shown or known to be valid for the outcome of 
interest?a

Partial (both objective and subjective 
outcomes assessed) 

8. Were the data collection tools known or shown to be consistent and accurate 
in measuring the outcome of interest?b

Partial (both objective and subjective 
outcomes assessed)

9. Were all study participants accounted for? Yes 

10. Are greater than 80% of patients included in the follow-up assessment? Yes

11. Are data analyses appropriate? Yes 

12. Are the conclusions supported by the results? Yes

13. Generalisability Relatively inclusive criteria

14. Intercentre variability One-centre study

15. General comments –

a The tools are known to be valid or were shown to measure what they are intended to measure.
b The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability)
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Title: Objective measurement of the results of uvulopalatopharyngoplasty
Country: UK
Setting: Department of Otolaryngology
Study design: Pre–post

Interventions

Intervention (specific details): UP3 as described by Fujita,62 with slight modification to ensure that the initial vertically 
orientated posterior pharyngeal folds were tightened to just produce slight horizontal ridges. To ensure consistency of 
technique only two surgeons performed the operations
Concurrent treatment (specific details): NR
Previous treatment(s) (specific details): NR

Participants

Total n = 32
If this study includes a mixed patient population, number of non-apnoeic snorers included: NA
Tests to exclude OSAS (including test details): PSG. Recordings during sleep included electroencepholography (EEG) and 
electro-oculography (EOG) (for sleep staging), airflow and chest wall motion and O2 saturation. A continuous video recording 
was made from which the posture was assessed, and sound was recorded by a sound level meter placed 87 (SD 6) cm above 
the patient’s head. The sound signal was sampled at a frequency of 1 Hz and analysed by computer. Data were analysed for 
the whole sleep period and separately for the periods spent in the supine and lateral positions. The objective indices of snoring 
used were the proportion of sleep time during which the level exceeded 50 dBA and the sound level (dBA) above which 1% 
and 5% of the sound occurred.
Tests to assess the site of airway narrowing: NR
Inclusion criteria: Snoring subjects
Exclusion criteria: AHI > 15 events/hour of sleep time
Subgroups: NA

Patient baseline characteristics

n 32

Age (years), mean (SD) Men 42.5 (10.6), women 39.9 (11.7)

Duration of snoring (years), mean ± SD (range) 13.4 ± 7.31 (1–20)

Male, n (%) 18 (56)

BMI (kg/m2), mean (SD) Men 28.2 (3.06), women 25.2 (3.06)

AHI score (events/hour), mean (range) 4.7 (0–15)

ESS score, mean (range) NR

Smokers, n (%) NR

Snoring volume outcomes, median

 P50 (% of sleep time that 50 dB exceeded) 

  All sleep positions 1.49

  Supine position 1.12

  Lateral position 0.4

 L1 (level above which 1% of sound occurs, dBA)

  All sleep positions 51.6

  Supine position 50.6

  Lateral position 45.6

 L5 (level above which 5% of sound occurs, dBA)

  All sleep positions 41.0

  Supine position 43.6

  Lateral position 39.3

continued



Appendix 3

148

Prichard 199549

Snoring severity grade (patient assessed) 

 No snoring 0

 Mild snoring 0

 Moderate snoring 8

 Severe snoring 24

Outcome measures

Outcome 1: AHI score. Definition of treatment success: NA
Outcome 2: P50 snoring volume parameters (all sleep positions, supine position, lateral position). Definition of treatment 
success: NR
Outcome 3: L1 snoring volume parameters (all sleep positions, supine position, lateral position). Definition of treatment 
success: NR
Outcome 4: L5 snoring volume parameters (all sleep positions, supine position, lateral position. Definition of treatment 
success: NR
Outcome 5: Subjective ‘snoring grade’ assessed by the responses ‘nil’, ‘mild’, ‘moderate’ and ‘severe’ and scored from 0 to 3. 
Definition of treatment success: NR
Covariates: Correlations between changes in subjective and objective indices of snoring severity
Total length of follow-up: 6 months
Follow-up assessment times: 1
Rate of attrition at each follow-up time: 0
Methods of statistical analysis: Mean pre–post scores were analysed using the Wilcoxon signed rank test and Spearman’s 
correlation coefficient 

Results

Outcome 1: AHI score

Method of measurement: PSG

n (in analysis) 32

Postoperative AHI score 6.8; p = NS

Outcomes 2–4: P50, L5 and L1 snoring volume parameters (all sleep positions, supine position, lateral position) 

n (in analysis) 32

P50 (% of sleep time that 50 dB exceeded), median

 All positions 0.32; p = 0.04

 Supine 0.36; p = 0.01

 Lateral 0.17; p = 0.38

L1 (level above which 1% of the sound occurs, dBA), median

 All positions 45.3; p = 0.01

 Supine 46.3; p = 0.01

 Lateral 42.8; p = 0.21

L5 (level above which 5% of the sound occurs, dBA), median

 All positions 38.8; p = 0.1

 Supine 38.8; p = 0.01

 Lateral 36.5; p = 0.58

Outcome 5: Subjective ‘snoring grade’

n (in analysis) 32

No snoring, n 5

Mild, n 17

Moderate, n 6

Severe snoring, n 4
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Outcome 6: Correlation between changes in subjective and objective indices of snoring severity (n = 32)

Change in L1 vs change in ‘snoring grade’

All positions r = 0.47 p < 0.01

Supine r = 0.2 p = 0.29 

Lateral r = 0.52 p < 0.01

Postoperative adverse events: NR
Long-term adverse events: NR
Need for repeat procedure (unscheduled): NR

Authors’ conclusions

There was evidence of both a subjective and objective small benefit of UP3 in the majority of patients; however, it is uncertain 
whether this improvement is long-lasting

Methodological assessment criteria

1. Study design Pre–post

2. Were the study eligibility criteria specified? Partial 

3. Are adequate baseline details presented? Yes 

4. Are any co-interventions clearly stated? NA

5. Is compliance with treatment adequate? Yes 

6. Were any subgroup analyses justified? NA

7. Were data collection tools shown or known to be valid for the outcome of 
interest?a

Partial (both objective and subjective 
outcomes assessed) 

8. Were the data collection tools known or shown to be consistent and accurate 
in measuring the outcome of interest?b

Partial (both objective and subjective 
outcomes assessed) 

9. Were all study participants accounted for? Yes

10. Are greater than 80% of patients included in the follow-up assessment? Yes 

11. Are data analyses appropriate? Yes

12. Are the conclusions supported by the results? Yes 

13. Generalisability Applicable to primary snorers with 
AHI < 15

14. Intercentre variability One-centre study

15. General comments –

a The tools are known to be valid or were shown to measure what they are intended to measure.
b The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test-retest, Cronbach’s alpha, inter-rater reliability).
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Berger 200195

Title: Laser-assisted uvulopalatoplasty for snoring: medium- to long-term subjective and objective analysis
Country: Israel
Setting: Department of Otolaryngology, Head and Neck Surgery
Study design: Pre–post

Interventions

Intervention (specific details): LAUP. Two surgical techniques (type 1 and type 2) of LAUP were used, differing with respect 
to the mode of midline palatal vaporisation. Nine patients underwent type 1 LAUP, in which a focused continuous beam of 
15–20 W was used to excise the uvular base through the full palatal depth and then extended bilaterally to the anterior and 
posterior tonsillar pillars; serial laser tonsillectomy was also performed, carried out in one to two sessions (mean 1.22). Five 
patients underwent type 2 LAUP, in which through-and-through full-thickness vertical trenches were created on the free edge 
of the soft palate, on either side of the uvula, at a power setting of 15–20 W. With the use of a SwiftLase scanner attached to 
the carbon dioxide laser, the core of the uvula was removed from the bottom up in a ‘fishmouth’ manner, while the mucosa of 
the uvula was preserved. The uvula was shortened and thinned by up to 80–90% of the original size. This was carried out in 
one to two sessions (mean 1.4)
Concurrent treatment: NR
Previous treatment(s): NR

Participants

Total n = 14
Tests to exclude OSAS: nocturnal PSG with simultaneous electrocardiography, electromyography and surface-electrode 
electro-oculography; air flow at the nose and mouth was monitored with thermistors, and respiratory effort was measured 
with inductive plethysmography; O2 saturation was measured with continuous pulse oximetry. OSA was established with an 
AHI of > 5
Tests to assess the site of airway narrowing: All patients underwent a complete otolaryngological examination, including 
flexible fibreoptic nasopharyngoscopic examination of the nose, pharynx and larynx
Inclusion criteria: Patients who had bothersome snoring and who completed LAUP treatment
Exclusion criteria: NR
Subgroups: NA

Participant baseline characteristics (extract only non-apnoeic snorer subgroup details where applicable)

n 14

Age (years), mean ± SD (range) 51.2 ± 7.5 (40–66)

Male, n (%) 10 (71)

BMI (kg/m2), mean ± SD (range) 26.7 ± 3.7 (21.8–35.4)

AHI score, mean ± SD (range) 3.4 ± 2.1(0–5.0)

ESS score, mean ± SD NR

Smokers, n (%) NR

Lowest O2 saturation (%), mean ± SD (range) 92.3 ± 5.9 (82–100)

Outcome measures

Outcome 1: Snoring state categorised as ‘improved’, ‘no change’ or ‘worse’. Definition of treatment success: NR
Outcome 2: Sleep-related symptoms, including (1) night awakening, (2) morning fatigue, (3) daytime somnolence, (4) episodes 
of sleep apnoea and (5) involuntary body movements during sleep, categorised as ‘improved’, ‘no change’ or ‘worse’. The first 
three questions were addressed to the patient and the remaining two to the bed partner. Definition of treatment success: NR
Outcome 3: AHI score. Definition of treatment success: NA
Outcome 4: Lowest O2 saturation (%). Definition of treatment success: NA
Covariates: NR
Total length of follow-up: 10.1 ± 7.9 months (mean ± SD) (range 3.5–36 months) after completion of the last laser treatment
Follow-up assessment times: Twice for subjective analysis [4 weeks and 10.1 ± 7.9 months (mean ± SD) after completion of 
the last laser treatment] for the state of snoring; once postoperatively for objective analysis
Rate of attrition at each follow-up time: 0
Methods of statistical analysis: Pre–post comparisons were analysed with paired t-tests and non-parametric data with the 
Mann–Whitney test; p-values of < 0.05 were considered significant
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Results

Outcomes 1 and 2: Snoring state and five sleep-related symptoms

n (in analysis) 14

First follow-up visit, n (%)

 Improved 11 (79)

 No change 2 (14)

 Worsening 1 (7)

Last follow-up visit, n (%)a

 Improved 8 (57)

 No change 3 (21)

 Worsening 3 (21)

Five sleep-related symptoms at last follow-up visit, n (%)

 Improved 8 (57)

 No change 5 (36)

 Worsening 1 (7)

Outcomes 3 and 4: AHI score and lowest O2 saturation (%)

n (in analysis) 14

RDI, mean ± SD (range) 5.0 ± 4.4 (0–15.0); p = NS

Lowest O2 saturation (%) mean ± SD (range) 92.9 ± 5.4 (83–100); p = NS 

Postoperative adverse events: No major complications, including postoperative haemorrhage. The most common adverse 
effect of LAUP was pain: pain duration: 9.7 ± 3.5 days (mean ± SD); pain severe enough to keep patients away from work: 
4.5 ± 3.1 days (mean ± SD). Number (%) who complained of persistent throat dryness or itching: 5 (36); number (%) who 
exhibited difficulty in nasal breathing: 3 (21) (one of whom had a pre-existing nasal obstruction)
Long-term adverse events: NR
Need for repeat procedure (unscheduled): NR

Authors’ conclusions

The favourable subjective short-term results of LAUP deteriorated with time. In addition, PSG showed that the procedure 
caused mild OSAS in a number (3/14) of patients who formerly were non-apnoeic snorers

Reviewer’s comments

The number of subjects was too small to draw a firm conclusion 

Methodological assessment criteria

1. Study design Pre–post

2. Were the study eligibility criteria specified? No

3. Are adequate baseline details presented? Partial

4. Are any co-interventions clearly stated? NA

5. Is compliance with treatment adequate? Yes 

6. Were any subgroup analyses justified? NA

7. Were data collection tools shown or known to be 
valid for the outcome of interest?b

Partial (both subjective and objective outcomes assessed) 

8. Were the data collection tools known or shown to be 
consistent and accurate in measuring the outcome of 
interest?c

Partial (both subjective and objective outcomes assessed)

9. Were all study participants accounted for? Yes 

10. Are greater than 80% of patients included in the 
follow-up assessment?

Yes 
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11. Are data analyses appropriate? Yes 

12. Are the conclusions supported by the results? The number of subjects too small (conclusions consistent with 
results but should be treated with caution because of small 
sample size?)

13. Generalisability Applicable to non-apnoeic snorers 

14. Intercentre variability One-centre study

15. General comments The number of subjects was too small to draw a firm conclusion

a The 3/14 patients who worsened experienced deterioration in AHI. At last follow-up the AHI in these patients was 
consistent with development of mild OSAS. This was not related to the type of LAUP procedure. 

b The tools are known to be valid or were shown to measure what they are intended to measure.
c The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).
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Title: Efficacy of laser-assisted uvulopalatoplasty
Country: USA
Setting: Private surgical group (outpatient setting)
Study design: Pre–post

Interventions

Intervention (specific details): LAUP, performed in an outpatient setting under local anaesthesia. A handheld CO2 laser was 
used to resect a wedge or crescent of soft palate on each side of the uvula and then to ablate the uvula itself. Laser settings 
14–18 W, using the Sharplan Swiftlase™ system. Silver nitrate was applied in some cases for additional haemostasis. The palate 
was allowed to heal by secondary intention, and the next LAUP session was performed 4–6 weeks later. Typically LAUP was 
performed over several sessions, with the endpoint being the patient’s report of cessation of snoring or the patient’s inability 
to create a palatal ‘snort’ on office exam. Mean (SD) number of sessions 2.5 ± 0.67
Concurrent treatment (specific details): NR
Previous treatment(s) (specific details): Surgical methods appear to have been offered after standard non-surgical methods 
(CPAP) and weight loss failed

Participants

Total n = 90 non-apnoeic snorers and patients with OSAS were recruited (non-apnoeic snorers = 32). Of the 90 recruited, 52 
completed LAUP, of whom 12 were non-apnoeic snorers. Patients were placed into the non-apnoeic snorers group based on 
a RDI ≤ 10
If this study includes a mixed patient population, number of non-apnoeic snorers included: 32
Tests to exclude OSAS (including test details): PSG, hospital-based, overnight studies conducted in and analysed by one of the 
sleep laboratories. Each patient’s sleep was analysed for the following variables: total apnoeas, total hypopnoeas, AI, HI, RDI, 
mean O2 desaturation, lowest O2 desaturation, mean duration of apnoea and longest duration of apnoea
Tests to assess the site of airway narrowing (including test details): Otolaryngological evaluation (no details reported)
Inclusion criteria: Snoring patients who underwent complete PSG and otolaryngological examination and who failed on 
standard non-surgical methods (not clearly presented)
Exclusion criteria: NR
Subgroups, based on RDI: Non-apnoeic snorers = 32; mild OSA = 20; moderate OSA = 16; severe OSA = 22

Participant baseline characteristics (extract only non-apnoeic snorer subgroup details where applicable)

n 32 snorers

Age (years), mean ± SD (range) 47.13 ± 11.11 (19–83)

Male, n (%) 25 (78)

BMI (kg/m2), mean ± SD (range) 28.08 ± 3.44 (22.4–35.4)

AI, mean ± SD (range) 0.83 ± 1.53 (0–6.4)

HI, mean ± SD (range) 3.33 ± 2.93 (0–19.2)

AHI score, mean ± SD (range) 4.22 ± 3.24 (0–12.97)

ESS score, mean ± SD (range) NR

Smokers, n (%) NR

Mean O2 desaturation (%), mean ± SD (range) 94.4 ± 1.95 (91–98.5)

Lowest O2 desaturation (%), mean ± SD (range) 89.68 ± 4.79 (83–95.9)

Average duration of apnoeas (seconds), mean ± SD (range) 9.10 ± 8.98 (0–25.8)

Longest duration of apnoea (seconds), mean ± SD (range) 13.42 ± 19.3 (0–85.2)

Outcome measures

Outcome 1: AI. Definition of treatment success: NR
Outcome 2: HI. Definition of treatment success: NR
Outcome 3: AHI score. Definition of treatment success: NR
Outcome 4: Mean O2 desaturation (%). Definition of treatment success: NR
Outcome 5: Lowest O2 desaturation (%). Definition of treatment success: NR
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Outcome 6: Patient’s snoring status assessed on a 7-point scale: 1 = much worse, 4 = no change, 7 = much improved. 
Definition of treatment success: NR
Outcome 7: Patient satisfaction with LAUP assessed on a 7-point scale: 1 = very dissatisfied, 4 = neutral, 7 = very satisfied. 
Definition of treatment success: NR
Covariates: NR
Total length of follow-up: 2 months after completion of last LAUP session for follow-up examination
Follow-up assessment times: A follow-up examination and a postoperative questionnaire
Rate of attrition at each follow-up time: 0
Methods of statistical analysis: Mean change from pre to post; methods not reported 

Results

Outcomes 1–5: PSG parameters

n (in analysis) 3

AI 1.00; p = NS

HI 8.30; p = NS 

AHI score 9.30; p = NS

Mean O2 desaturation (%) 94.9; p = NS

Lowest O2 desaturation (%) 90.3; p = NS

Outcome 6: Patient’s snoring status

n (in analysis) 12 

Improved, n (%) 9 (75)

No change, n (%) 2 (17)

Worse, n (%) 1 (8)

Outcome 7: Patient satisfaction with LAUP

n (in analysis) 12

Satisfied, n (%) 10 (83)

Neutral, n (%) 0

Dissatisfied, n (%) 2 (17)

Postoperative adverse events: NR
Long-term adverse events: NR
Need for repeat procedure (unscheduled): NR

Authors’ conclusions

LAUP may be a reasonable treatment for patients with non-apnoeic snoring

Methodological assessment criteria 

1. Study design Pre–post

2. Were the study eligibility criteria specified? Partial 

3. Are adequate baseline details presented? Partial 

4. Are any co-interventions clearly stated? NA

5. Is compliance with treatment adequate? Yes

6. Were any subgroup analyses justified? Yes 

7. Were data collection tools shown or known to be 
valid for the outcome of interest?a

Partial (both objective and subjective outcomes assessed) 

8. Were the data collection tools known or shown to be 
consistent and accurate in measuring the outcome of 
interest?b

Partial (both objective and subjective outcomes assessed) 



DOI: 10.3310/hta13030 Health Technology Assessment 2009; Vol. 13: No. 3

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

155

Lauretano 199796

9. Were all study participants accounted for? No (only n = 3 and n = 12 for objective and subjective 
outcomes respectively) 

10. Are greater than 80% of patients included in the 
follow-up assessment?

No (only 9% and 37.5% for objective and subjective outcomes 
respectively) 

11. Are data analyses appropriate? Unclear (not reported) 

12. Are the conclusions supported by the results? No (only based on n = 3) 

13. Generalisability OSAS and non-apnoeic snorers who failed on standard non-
surgical methods

14. Intercentre variability Unclear 

15. General comments –

a The tools are known to be valid or were shown to measure what they are intended to measure.
b The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).
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Title: Laser-assisted outpatient septoplasty and laser-assisted uvulopalatoplasty for nasal obstruction and snoring
Country: Thailand
Setting: Department of Otolaryngology
Study design: Pre–post

Interventions

Intervention (specific details): Laser-assisted outpatient septoplasty (LAOS) performed in conjunction with LAUP; 14 (40%) 
patients additionally underwent laser turbinectomy. LAOS was performed with a CO2 laser (as originally performed by 
Kamami63) using the modification in which the procedure is performed by using a CO2 coupler (Sharplan Laser, Allendale, NJ) 
under local anaesthesia. Nasal mucosa were anaesthetised by insertion of a small piece of gauze containing 5% lidocaine with 
adrenaline into the nasal cavity. The surface of the deviated nasal septum was vaporised in an anterior-to-posterior direction 
within 2–3 mm of vertical height on its medial convex side using a power setting of 10 W; 14 (40%) patients also underwent 
laser turbinectomy in which two-thirds of the anterior end of the hypertrophic turbinate was vaporised. No nasal packing was 
required. Mean additional surgical time needed to perform the procedure = 10.4 (SD 3.4) minutes (range 10–15 minutes). 
LAUP was performed with a CO2 laser at 15–20 W. Vertical transpalatal incisions were made bilaterally through the soft palate 
lateral to the base of the uvula. This was followed by partial vaporisation of one-half to one-third of the uvula
Concurrent treatment (specific details): Postoperative medication included an antibiotic and acetaminophen with codeine as 
needed for pain relief
Previous treatment(s) (specific details): NR

Participants

Total n = 35
Tests to exclude OSAS (including test details): PSG; RDI > 5 was diagnosed as OSA
Tests to assess the site of airway narrowing (including test details): The nose, nasopharynx, hypopharynx and larynx were 
visualised with the use of a flexible endoscope, with Muller’s manoeuvre performed at the level of the nasopharynx and 
the base of tongue. A radiological sinus and cephalogram were taken routinely. Rhinomanometry was performed with 
Rhinoscreen (Erich Jaeger GmbH, Wuerzburg, Germany) with a total resistance at 150 Pa used for comparison
Inclusion criteria: Patients with socially disruptive snoring with nasal obstruction who failed to respond to conservative 
treatments; occlusion by septal deviations less than two-thirds of the nasal lumen (mild to moderate degree); patients with an 
elongated uvula and thick soft palate were included for the treatment
Exclusion criteria: OSAS (defined as patients who experienced daytime sleepiness or disturbed sleep and who had > five 
respiratory disturbances per hour of sleep); patients with a primary complaint of daytime sleepiness and or apnoeic events 
and patients with severe septal deviation (greater than two-thirds of the lumen) and evident maxillofacial abnormalities were 
excluded
Subgroups: NA

Participant baseline characteristics 

n 35

Age (years), mean ± SD (range) 35.2 ± 16.4 (22–54)

Male, n (%) 32 (91)

BMI (kg/m2), mean ± SD (range) 26.2 ± 4.2 (20.5–28.2)

AHI score, mean < 5; detailed score NR

ESS score, mean (range) NR

Smokers, n (%) NR

Severity of snoring (partner, VAS), mean ± SD 8.8 ± 2.2

Nasal obstruction VAS score, mean ± SD 6.2 ± 3.2

Nasal resistance (Pa/ml/cm2), mean ± SD 0.39 ± 0.8

Rhinorrhea (VAS), mean ± SD 5.8 ± 1.4

Pruritis (VAS), mean ± SD 6.1 ± 2.2 

Sneezing (VAS), mean ± SD 7.1 ± 2.3 

Outcome measures

Outcome 1: Severity of snoring assessed by partner on a 10-cm VAS in which ‘no snoring’ occupied the far left scale position 
and ‘severe snoring’ occupied the far right scale position. Definition of treatment success: snoring was considered to be cured 
by the bed partner or observer if the VAS score was less than half that at baseline
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Outcome 2: Nasal obstruction measured on a continuous VAS scale from 0 (none) to 10 (complete nasal obstruction). 
Definition of treatment success: NR
Outcome 3: Nasal resistance measured by rhinomanometry. Definition of treatment success: NR
Outcome 4: Postoperative pain measured on a continuous scale from 0 (none) to 10 (excruciating or intense pain) once daily 
for 10 days postoperatively. Definition of treatment success: NR
Outcome 5: Rhinorrhea measured on a continuous scale from 0 (none) to 10 (severe/bothersome). Definition of treatment 
success: NR
Outcome 6: Pruritus measured on a continuous scale from 0 (none) to 10 (very annoying). Definition of treatment success: 
NR
Outcome 7: Sneezing measured on a continuous scale from 0 (none) to 10 (excruciating). Definition of treatment success: NR
Covariates: the correlation between nasal obstruction measures following the LAOS procedure, the changes in total nasal 
resistance and the changes in subjective nasal obstruction
Total length of follow-up: mean = 5.2 (SD 2.3) months (range 4–6 months)
Follow-up assessment times: After the operation, every week in the first month and then every month for 4–6 months
Rate of attrition at each follow-up time: 0
Methods of statistical analysis: Pre–post data compared using Student’s paired t-test; the correlation between nasal 
obstruction measures was analysed by Pearson’s correlation; p-values < 0.05 were considered to be significant

Results

Outcomes 1–3: Severity of snoring, nasal obstruction and nasal resistance

n (in analysis) 35

Snoring severity VAS score, mean ± SD 2.8 ± 1.7; p < 0.05

Nasal obstruction VAS score, mean ± SD 1.6 ± 0.8; p < 0.01

Nasal resistance (Pa/ml/cm2), mean ± SD 0.28 ± 0.5; p < 0.05

Patients with snoring cured, n (%) 32 (91)

Outcome 4: Postoperative pain 

n (in analysis) 35

Pain (VAS) Minimal, ≤ 4

Outcomes 5–7: Nasal symptoms associated with nasal obstruction: rhinorrhea, pruritus and sneezing

n (in analysis) 35a

Rhinorrhea (VAS), mean ± SD 2.1 ± 1.8

Nasal pruritus (VAS), mean ± SD 2.3 ± 0.9 

Sneezing (VAS), mean ± SD 2.5 ± 1.7

The correlation between nasal obstruction measures following the LAOS procedure, the changes in total nasal resistance and 
the changes in subjective nasal obstruction was not statistically significant (p = 0.45; Pearson’s correlation)

Postoperative adverse events: All patients tolerated the procedure well. One patient had pain during the LAOS procedure. 
There were two cases of minor bleeding, which was controlled with suction electrocautery. Nasal cavity oedema and crusting 
were observed at postoperative day 3 and week 1. There were no synechiae, no septal perforations and no emergent airway 
complications
Long-term adverse events: NR
Need for repeat procedure (unscheduled): NR

Author’s conclusions

LAOS is a simple and well-tolerated treatment for deviated nasal septum. It appears to be a safe and effective adjunct surgical 
procedure for snorers with nasal obstruction on an outpatient basis

Methodological assessment criteria 

1. Study design Pre–post 

2. Were the study eligibility criteria specified? Yes 

3. Are adequate baseline details presented? Partial 
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4. Are any co-interventions clearly stated? Yes 

5. Is compliance with treatment adequate? Yes 

6. Were any subgroup analyses justified? NA

7. Were data collection tools shown or known to be 
valid for the outcome of interest?b

Partial (both objective and subjective outcomes assessed) 

8. Were the data collection tools known or shown to be 
consistent and accurate in measuring the outcome of 
interest?c

Partial (both objective and subjective outcomes assessed) 

9. Were all study participants accounted for? Yes 

10. Are greater than 80% of patients included in the 
follow-up assessment?

Yes 

11. Are data analyses appropriate? Yes 

12. Are the conclusions supported by the results? Yes 

13. Generalisability Relatively inclusive eligibility criteria 

14. Intercentre variability One-centre study

15. General comments –

a All patients stated that they would have this procedure repeated if necessary. 
b The tools are known to be valid or were shown to measure what they are intended to measure.
c The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).
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Studies of radiofrequency ablation of the soft palate and tongue base 

Back 2002108

Title: Bipolar radiofrequency thermal ablation of the soft palate in habitual snorers without significant desaturations assessed 
by magnetic resonance imaging
Country: Finland
Setting: Departments of Otorhinolaryngology, Head and Neck Surgery
Study design: Pre–post

Interventions

Intervention: Bipolar radiofrequency thermal ablation (bRFTA) delivered as an outpatient procedure. The ENTec Coblator 
Plasma Surgery System with the ReFlex 55 wand (Arthrocare, Sunnyvale, CA) was used. The bipolar electrode was inserted 
into the mucosa in the midline of the soft palate, 1 cm below the junction of the hard and soft palate, and two additional 
entries were made laterally on both sides. A power level of 6 (216–234 voltage root-mean-square value) keeping the wand in 
position for 15 seconds was used. Patients were treated in two treatment sessions separated by 1 week
Concurrent treatment: NR
Previous treatment(s): Patients had not undergone any previous palatal surgery

Participants

Total n = 20 (n = 18 or n = 19 in the analysis)
If this study includes a mixed patient population, number of non-apnoeic snorers included: NA
Tests to exclude OSAS: PSG (no details reported)
Tests to assess the site of airway narrowing: Clinical examination, cephalometric radiographs and fibreoptic 
nasopharyngoscopy with Muller’s manoeuvre. Magnetic resonance imaging (MRI) was also undertaken to assess palatal 
measurements before and after surgery
Inclusion criteria: ODI 4% < 5; ODI 10% < 1; maximum O2 desaturation decrease of 85%
Exclusion criteria: Patients with micrognathia; obstruction of the posterior airspace of the hypopharynx; BMI > 35 kg/m2; 
patients with coagulation, psychiatric/neurological disorders or implanted pacemakers; previous palatal surgery, speech or 
swallowing disorders, or ‘too sensitive throats’
Subgroups: NA

Patient baseline characteristics

n 20

Age (years), median (range) 43 (35–63)

Male, n (%) 19 (95) 

BMI (kg/m2), median (range) 25.7 (22.6–34.6)

AHI score, mean < 5

ESS score, mean (95% CI) 4.5 (1.0–16.7)

Snoring score (patient, VAS), median (95% CI) 9.0 (5–10)

Snoring score (partner, VAS), median (95% CI) 6.5 (5–8)

MRI measurements, median (95% CI)

 Length of the soft palate (mm) 42 (39–44)

 Corrected length of the soft palate (mm) 44 (41–46) 

 Palatal width at 1 cm (mm) 11 (10–11)

 Palatal width at the thickest part (mm) 11 (11–12) 

 Distance, tip of uvula to bottom of sella (mm) 57.5 (54–59)

 Postuvular space (mucosa) (mm) 5 (4–6)

 Postuvular space (CI–CII) (mm) 14 (11–16) 

 Area of the soft palate (cm2) 12.4 (11.4–13.5) 
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Outcome measures

Outcome 1: ESS score (slightly modified Finnish version). Definition of treatment success: NR
Outcome 2: Snoring scale score (answered by the patient; 0 = no snoring, 10 = heavy snoring, the partner leaves the room). 
Definition of treatment success: a reduction from at least 7 to 0–3 points on the VAS scale; additionally, an improvement of 3 
points was considered significant; treatment relapse was defined as a change of more than 2 points in the scores between 3 
and 9.5 (9–11.5) months after treatment
Outcome 3: Snoring scale score (partner reported). Definition of treatment success: a reduction from at least 6 to 0–3 points; 
an improvement of 3 points was considered significant; treatment relapse was defined as a change of more than 2 points in 
the scores between 3 and 9.5 (9–11.5) months after treatment
Outcome 4: Percentage of patients with successful outcome, significant improvement or relapse on the snoring scale score 
(patient reported). Definition of treatment success: a reduction from at least 7 to 0–3 points on the VAS scale; additionally, an 
improvement of 3 points was considered significant; treatment relapse was defined as a change of more than 2 points in the 
scores between 3 and 9.5 (9–11.5) months after treatment
Outcome 5: Percentage of patients with successful outcome, significant improvement or relapse on the snoring scale score 
(partner reported). Definition of treatment success: a reduction from at least 6 to 0–3 points on the VAS scale; additionally, an 
improvement of 3 points was considered significant; treatment relapse was defined as a change of more than 2 points in the 
scores between 3 and 9.5 (9–11.5) months after treatment
Outcome 6: MRI oropharyngeal dimension measurements (at 3-month follow-up). Definition of treatment success: NR
Outcome 7: Postoperative pain, swelling sensation, speech problems and eating difficulties assessed on a 100-point VAS in 
which 0 = no difficulties and 100 = worst difficulties. Definition of treatment success: NR
Covariates: linear regression analysis used to assess relationship between MRI dimension measurements and dependent 
snoring scale scores
Total length of follow-up: median = 9.5 months (range 9–11.5 months)
Follow-up assessment times: 3 months (MRI and subjective outcomes) and 9.5 months (range 9–11.5 months) (subjective 
outcomes only)
Rate of attrition at each follow-up time: n = 1 [ESS score and snoring scale (patient assessed)]; n = 2 [snoring scale (partner 
assessed)]
Methods of statistical analysis: Mean change (pre–post) assessed using the paired Wilcoxon signed rank test and analysis of 
variance (ANOVA); non-parametric Spearman’s correlation coefficients were used; linear regression analyses were used to 
study relationships between dependent and independent variables

Results

Outcomes 1 and 2: ESS score and snoring scale score (patient reported)

3 months 9.5 months 

n (in analysis) 19 19

ESS score, median (95% CI) 2.0 (0–8); p < 0.05 3.5 (0–8); p < 0.05

Snoring scale score (patient reported), median (95% CI) 4.0 (2–7); p < 0.05 5.0 (2–10); p < 0.05

Outcome 3: Snoring scale score (partner reported)

3 months 9.5 months 

n (in analysis) 18 18

Snoring scale score, median (95% CI) 4.0 (1–8); p < 0.05 5.0 (1–7); p < 0.05

Outcome 4: Percentage of patients with successful outcome, significant improvement or relapse on snoring scale score (patient 
reported)a

3 months 9.5 months 

n (in analysis) 19 19

Significant improvement, n (%) 11 (58) 12 (63)

Successful outcome, n (%) 6 (32) 7 (37) 

Relapse, n (%) – 4 (21) 

Outcome 5: Percentage of patients with successful outcome, significant improvement or relapse on snoring scale score (partner 
reported)a

3 months 9.5 months 

n (in analysis) 18 18
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Significant 
improvement, n (%)

7 (39) 6 (33)

Successful outcome, 
n (%) 

6 (33) 5 (28) 

Relapse, n (%) – 1 (6) 

Outcome 6: MRI oropharyngeal dimension measurements (3-month follow-up)b

n (in analysis) 20

Length of the soft palate (mm), median (95% CI) 42 (38–44); p = 0.849

Corrected length of the soft palate (mm), median (95% CI) 44 (42–47); p = 0.983

Palatal width at 1 cm (mm), median (95% CI) 10.5 (10–11); p = 0.431

Palatal width at the thickest part (mm), median (95% CI) 11 (11–12); p = 0.470

Distance, tip of uvula to bottom of sella (mm), median (95% CI) 55.5 (51–57); p = 0.005

Postuvular space (mucosa) (mm), median (95% CI) 5 (4–6); p = 0.327

Postuvular space (CI–CII) (mm), median (95% CI) 13 (11–14); p = 0.259

Area of the soft palate (cm2), median (95% CI) 12.55 (11.7–13.8); p = 0.420

T1 signal intensity:

 Major changes, n 9

 Moderate changes, n 4

 No/mild changes, n 6

Outcome 7: Postoperative pain, swelling sensation, speech problems and eating difficulties

Day 1 Day 7 Day 11 (second 
procedure)

Day 17 

n (in analysis) NR NR NR NR

Pain, median (95% 
CI) 

46 (13–92) 2 (0–43) 49 (11.5–98) 3 (0–28)

Swelling sensation, 
median (95% CI)

56 (9–100) 4 (0–44.5) 51 (16–81) 3 (0–13)

Speaking, median 
(95% CI)

58 (13–85) 2 (0–31.5) 46 (17.5–80) 2 (0–5)

Eating, median (95% 
CI)

56 (9–100) 3 (0–44.5) 50 (16–81) 2 (0–13)

Postoperative adverse events: n = 1 received corticosteroids for the postoperative swelling; n = 4 received antibiotics 
for abscess caused by the insertion pointer; n = 6 developed 5-mm mucosal blanching; n = 2 developed 10-mm mucosal 
blanching. The median dose of medication for pain = two during the 2-week operative period. At the 3-month follow-up 
there were no mucosal blanching signs; n = 4 complained of a swelling sensation in the throat. At the 9.5-month follow-up 
n = 2 complained of a swelling sensation in the throat
Need for repeat procedure (unscheduled): NR

Authors’ conclusions

bRFTA of the soft palate on an outpatient basis in patients with sleep-disordered breathing seems to be an effective treatment 
for habitual snoring in patients without significant desaturations associated with excessive daytime sleepiness. MRI showed 
that the procedure was associated with changes in the dimensions of the soft palate and in the T1 signal intensity. The 
advantageous outcome in the questionnaires showed no association with the results of the MRI analyses

Methodological assessment criteria

1. Study design Pre–post study

2. Were the study eligibility criteria specified? Yes

3. Are adequate baseline details presented? Partial 
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4. Are outcome assessors blinded? Partial (MRI radiologists blinded to intervention)

5. Is compliance with treatment adequate? Yes

6. Were data collection tools shown or known to be valid for the 
outcome of interest?c 

Partial (mixture of objective and subjective outcome 
measures)

7. Were the data collection tools known or shown to be 
consistent and accurate in measuring the outcome of interest?d

Partial (mixture of objective and subjective outcome 
measures)

8. Were all study participants accounted for? No

9. Are data analyses appropriate? Partial (no adjustment made for multiple testing)

10. Are greater than 80% of patients included in the follow-up 
assessment?

Yes

11. Are the conclusions supported by the results? Partial (only one change in soft palate dimension and 
snoring/daytime sleepiness outcomes only assessed 
objectively)

12. Generalisability The patient group appears to be representative 
of those undergoing radiofrequency tissue volume 
reduction (RFTVR) for primary snoring

13. Intercentre variability One-centre study 

a Changes to snoring scale score (patient reported and partner reported) from before treatment to 3 and 9.5 months 
correlated significantly (3 months: r = 0.79, p < 0.001; 9 months: r = 0.53, p = 0.029).

b Changes in T1 signal intensity did not correlate significantly with changes in questionnaire scale scores before and after 
3 months of treatment (T1 signal intensity change vs patient-reported snoring scale score change, 0–3 months: r = – 
0.196, p = 0.421; vs partner-reported snoring scale score change, 0–3 months: r = –0.156, p = 0.536; vs ESS change, 0–3 
months: r = 0.064, p = 0.795). In regression analysis the patient-reported snoring scale score change explained 2.3% of 
the variance in the T1 signal change. There was no relationship between the partner-reported snoring scale score change 
or the ESS change and the T1 signal change.

c The tools are known to be valid or were shown to measure what they are intended to measure.
d The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).
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Title: Temperature-controlled radiofrequency tissue volume reduction of the soft palate (Somnoplasty®) in the treatment of 
habitual snoring: results of a European multicentre trial
Country: European multicentre (Belgium, France, Spain, Germany, Netherlands, Sweden)
Setting: Departments of Otorhinolaryngology, Head and Neck Surgery
Study design: Pre–post

Interventions

Intervention: Temperature-controlled radiofrequency tissue volume reduction of the soft palate (Somnoplasty®) performed 
on an outpatient basis under local anaesthesia. The needle was inserted in the midline of the soft palate and a mean of 
692.3 ± 67.7 J delivered per treatment session. For these 45 patients a single midline lesion was utilised with a maximum of 
three treatment sessions. The first lesion was created about 1 cm above the caudal margin of the soft palate. Subsequent 
lesions were created in a caudal direction (at about one-third and two-thirds of the length of the uvula). Patients underwent 
one to a maximum of three treatment sessions, depending on the obtained improvement in snoring, separated by a treatment 
interval of 4–6 weeks: one treatment, n = 2; two treatments, n = 9; three treatments, n = 34
Concurrent treatment: NR
Previous treatment(s): NR

Participants

Total n = 45 (a single midline lesion was utilised with a maximum of three treatment sessions)
If this study includes a mixed patient population, number of non-apnoeic snorers included: NA
Tests to exclude OSAS: Full-night PSG was performed before the first session
Tests to assess the site of airway narrowing: NR
Inclusion criteria: Patients seeking treatment for socially disturbing snoring with a RDI < 15 as documented by full-night PSG 
and a BMI < 30 kg/m2

Exclusion criteria: NR (for the purposes of analysis, patients were excluded if they underwent more than one lesion per 
treatment session, more than three treatment sessions, or lesions in areas of the palate other than the midline)
Subgroups: NA

Patient baseline characteristics

n 44

Age (years), mean ± SD 43.7 ± 10.9

Male (%) 86.4

BMI (kg/m2), mean ± SD 26.6 ± 3.2

AHI score, mean ± SD 5.1 ± 4.3

Lowest O2 saturation level, mean ± SD 87.0 ± 5.4

ESS score, mean ± SD 8.0 ± 5.0

Smokers, n (%) NR

Snoring index (VAS), mean ± SD 7.6 ± 2.1

Outcome measures

Outcome 1: Snoring index assessed using a VAS ranging from 0 ‘no snoring’ to 10 ‘very intense snoring causing the bed 
partner to leave the room’. Definition of treatment success: difference of 3 points on snoring index considered to be a 
significant improvement; snoring index of 3 or less points considered to be a treatment success
Outcome 2: Treatment success. Definition of treatment success: a significant improvement in snoring: a difference of at least 3 
points on snoring index; snoring must be reduced to a level that is no longer considered bothersome, i.e. a snoring index of 3 
or less
Outcome 3: ESS score of daytime sleepiness. Definition of treatment success: NA
Outcome 4: AHI score. Definition of treatment success: NA
Outcome 5: Lowest O2 saturation level. Definition of treatment success: NA
Outcome 6: Pain score VAS (no details reported on the scale). Definition of treatment success: NA
Covariates: correlation between the improvement in snoring index and the decrease in daytime sleepiness was explored
Total length of follow-up: 20 weeks
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Follow-up assessment times: For pain score days 1–3, weeks 1–2 and week 4 after the treatment; for PSG about 8 weeks 
after the last treatment session
Rate of attrition at each follow-up time: 1/45
Methods of statistical analysis: Student’s t-test used to assess changes in pre–post means; ordinal data (snoring index and ESS 
score ) were analysed using the Wilcoxon paired sample test; statistical significance was accepted at p < 0.05

Results

Outcome 1: Snoring index

n (in analysis) 44

Snoring index (VAS), mean ± SD Postoperative: 4.0; difference preoperative vs postoperative: 
3.6 ± 2.1; p < 0.001

Outcomes 2 and 3: Treatment success and ESS score

n (in analysis) 44

Patients with successful treatment, n (%) 20 (44.4)

Patients with significant improvement, n (%) 38 (84.4)

ESS score of daytime sleepiness, mean ± SD 6.0 ± 4.3; p = 0.001

Outcomes 4 and 5: AHI score and lowest O2 saturation level

n (in analysis) 37

AHI score, mean ± SD 5.4 ± 7.4; p = NS

ODI (%), mean ± SD 84.9 ± 14.6; p = NS

Outcome 6: Pain score VAS (questionnaires were completed before the first procedure, at each interim visit and 8 weeks after the 
last procedure)

n (in analysis) 44

Postoperative pain score VAS, mean ± SD

 Days 1–3 1.0 ± 1.4

 Weeks 1–2 0.4 ± 1.0

 Week 4 0.1 ± 0.5

Pain relief medication: 29/44 patients required non-narcotic analgesics, 1/44 patients required a narcotic analgesic and 8/44 
patients received steroids for post-treatment pain/oedema
Postoperative adverse events [number of events (incidence rate)]: Mucosal erosion: 19 (15.6%); palatal fistula: 1 (0.8%); uvula 
loss: 1 (0.8%); excessive swelling: 1 (0.8%); haemorrhage: 2 (1.6%)
Long-term adverse events: NR
Need for repeat procedure (unscheduled): NR

Authors’ conclusions

Temperature-controlled radiofrequency tissue volume reduction of the soft palate (Somnoplasty®) is a minimally invasive 
surgical procedure for snoring

Methodological assessment criteria

1. Study design Pre–post

2. Were the study eligibility criteria specified? Yes 

3. Are adequate baseline details presented? Partial 

4. Are any co-interventions clearly stated? NA

5. Is compliance with treatment adequate? Yes 

6. Were any subgroup analyses justified? NA

7. Were data collection tools shown or known to be valid for the outcome of 
interest?a

Partial (both objective and subjective 
outcomes assessed) 

8. Were the data collection tools known or shown to be consistent and accurate 
in measuring the outcome of interest?b

Partial (both objective and subjective 
outcomes assessed) 

9. Were all study participants accounted for? No 
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10. Are greater than 80% of patients included in the follow-up assessment? Yes

11. Are data analyses appropriate? Yes 

12. Are the conclusions supported by the results? Yes 

13. Generalisability Relatively inclusive eligibility criteria

14. Intercentre variability Not assessed

15. General comments –

a The tools are known to be valid or were shown to measure what they are intended to measure.
b The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).



Appendix 3

166

Cartwright 2000104

Title: Treatments for snoring: a comparison of somnoplasty and an oral appliance
Country: USA
Setting: Sleep Disorder Service and the Department of Otolaryngology and Bronchoesophagology
Study design: Two-group parallel pre–post with between-group comparisons

Interventions

Intervention 1: Radiofrequency ablation (RFA) (somnoplasty) to reduce the tissue of the soft palate. The soft palate and uvula 
were first sprayed with a topical anaesthesia. Low-power radiofrequency energy was applied by a needle electrode to the soft 
tissue at the midline followed by two lateral injections at half of the energy level. The mean energy delivered was not reported. 
The entire procedure took approximately 20 minutes to complete. At the 8-week visit the snoring level was assessed by 
the partner and a second treatment was conducted if necessary; n = 5 underwent one procedure and n = 5 underwent two 
procedures
Intervention 2: Snore X oral appliance (Snorex, Fremont, CA), a simple oral appliance of the tongue-retaining type worn for 2 
weeks at home
Concurrent treatment (specific details): NR
Previous treatment(s) (specific details): Patients had not undergone previous pharyngeal surgery

Participants

Total n = 20
If this study includes a mixed patient population, number of non-apnoeic snorers included: NA
Tests to exclude OSAS: PSG using standard 12-channel recording. No further test details reported
Tests to assess the site of airway narrowing: All patients were examined by an otolaryngologist
Inclusion criteria: Age > 18 years; seeking treatment for the control of snoring; anaesthesia risk class I or II; not pregnant; RDI 
< 15; no other sleep disorder diagnosis
Exclusion criteria: Anaesthesia risk class III or IV; RDI > 15 with the lowest O2 saturation < 80%; the presence of unstable 
psychiatric disorders, neurological disorders or swallowing disorders; previous pharyngeal surgery, upper respiratory tract 
cancer or radiation to upper airway tract; active upper respiratory tract infection; BMI > 32 kg/m2

Subgroups: NA

Patient baseline characteristics

RFA Oral appliance Difference 

n 10 10

Age (years), mean ± SD 52.2 ± 10.18 53.1 ± 11.61 NS

Male, n (%) NR NR

BMI (kg/m2), mean ± SD 28.20 ± 2.93 30.20 ± 6.30 NS

AHI score, mean ± SD All 10 patients: 5.91 ± 4.31; 5 patients with 
one treatment: 7.0 ± 5.8; 5 patients with two 
treatments: 4.8 ± 1.9

4.87 ± 3.97 NS

Lowest O2 saturation (%), 
mean ± SD

89.30 ± 4.11 87.40 ± 5.66 NS

ESS score, mean ± SD All 10 patients: NR; 5 patients with one 
treatment: 13.4 ± 4.7; 5 patients with two 
treatments: 6.6 ± 2.2

NR NR

Smokers, n (%) NR NR NR

Snoring loudness (partner, 
VAS), mean ± SD

6.4 ± 2.7 and 8.2 ± 1.7 for the 5 patients 
with one treatment and the 5 patients with 
two treatments respectively. All 10 patients: 
7.5 ± 2.50 

NR NR

Outcome measures

Outcome 1: Snoring loudness assessed by partner using a 10-point VAS with a score of 10 representing the loudest snoring. 
Definition of treatment success: treatment successful if a score of 3 or lower at the 8-week visit
Outcome 2: The MESAM recording device was used for both groups at the second sleep study to count the number of 
minutes of sleep during which snoring was loud, soft or absent. RFA group pre–post results. Definition of treatment success: 
NR
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Outcome 3: RDI. Other outcome measures: NA
Outcome 4: ESS completed in the RFA group before and after the completion of the 8-week follow-up period. Definition of 
treatment success: NA
Outcome 5: Percentage of sleep time with loud snoring in the RFA and Snore X groups. Definition of treatment success: NA
Covariates: The relationship between the two snoring measures following treatment – the objective laboratory count and the 
partner’s home report – was explored
Total length of follow-up: 8.9 months (range 6–12 months)
Follow-up assessment times: RFA group: 3 days, 4 weeks and 8 weeks after treatment (i.e. patients who received two 
procedures were followed up at 16 weeks); Snore X group: 2 weeks
Rate of attrition at each follow-up time: 0
Methods of statistical analysis: Student’s t-test used to assess pre–post differences in snoring loudness (VAS); t-test used to 
assess differences in the percentage of sleep time with loud snoring between the two treatment groups

Results

Outcomes 1–4 

RFA Difference preoperative vs 
postoperative

n (in analysis) 10 (5 with one treatment and 5 with two treatments)

Snoring loudness (partner, 
VAS), mean ± SDa

5 patients with one treatment: 1.8 ± 1.3 NR

5 patients with two treatments: 3.4 ± 2.6 NR

All 10 patients: 2.75 ± 2.15 p < 0.001

MESAM (% loud), mean ± SD 5 patients with one treatment: 5.22 ± 4.47
5 patients with two treatments: 10.83 ± 13.9

NA

AHI score, mean ± SD 5 patients with one treatment: 13.5 ± 21.8 NR

5 patients with two treatments: 6.3 ± 5.7 NR

All 10 patients: NR NR

ESS score, mean ± SD 5 patients with one treatment: 4.2 ± 2.4 NR

5 patients with two treatments: 3.8 ± 1.3 NR

All 10 patients: NR NR

Outcome 5: Percentage of sleep time with loud snoring

RFA Snore X device Difference between groups

n (in analysis) 10 10

Percentage of sleep time with 
loud snoring, mean ± SD 

8.03 ± 10.16 3.28 ± 1.46 (the half night with the Snore 
X: 3.32 ± 4.7; without: 10.62 ± 9.83; 
p > 0.046) 

p > 0.24

Postoperative adverse events: NR
Long-term adverse events: NR
Need for repeat procedure (unscheduled): NR

Author’s conclusions

RFA appears to be a viable alternative for the non-apnoeic snorer if an examination proves that there is little risk of obstructing 
the airway secondary to the usual oedema of the treated mucosa. There was no significant difference between the RFA group 
and the Snore X group in terms of the percentage of sleep time with loud snoring
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Methodological assessment criteria

1. Study design Parallel two-group pre–post 
with between-group 
comparisons

2. Were the study eligibility criteria specified? Yes

3. Was a power calculation performed? No

4. Is the sample size adequate? Unclear

5. Is the number randomised stated? NA

6. Is the study properly randomised?b NA

7. Is allocation of treatment concealed?c NA

8. Are adequate baseline details presented? Partial

9. Are groups similar at baseline? Partial

10. Are any baseline imbalances adequately adjusted for in the analysis? No

11. Are similar co-interventions administered? Unclear

12. Are patients blinded to treatment allocation? No

13. Are outcome assessors blinded? Unclear

14. Is compliance with treatment adequate? Yes 

15. Were any subgroup analyses justified? NA

16. Were data collection tools shown or known to be valid for the outcome of interest?d Partial (both objective and 
subjective measures used)

17. Were the data collection tools known or shown to be consistent and accurate in 
measuring the outcome of interest?e

Partial (both objective and 
subjective measures used)

18. Were all study participants accounted for? Yes 

19. Are data analyses appropriate? Yes 

20. Is analysis conducted on an intention to treat basis? Yes

21. Are greater than 80% of patients included in the follow-up assessment? Yes 

22. Are the conclusions supported by the results? Yes

23. Generalisability Relatively inclusive eligibility 
criteria

24. Intercentre variability One-centre study

25. General comments –

a 7/10 patients were below the successful treatment rating of 3 points. The agreement between the MESAM (% loud) 
scores and the VAS partner rating of snoring loudness was not statistically significant.

b Adequate approaches to sequence generation: computer-generated random numbers, random number tables; inadequate 
approaches: use of alternation, case record numbers, birth dates or week days.

c Adequate approaches to concealment allocation: centrally or pharmacy-controlled randomisation, inadequate approaches: 
serially numbered envelopes, use of alternation, open random number lists.

d The tools are known to be valid or were shown to measure what they are intended to measure.
e The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).
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Title: Bipolar radiofrequency-induced thermotherapy of the tongue base: its complications, acceptance and effectiveness 
under local anaesthesia
Country: Netherlands
Setting: Departments of Otolaryngology/Head and Neck Surgery
Study design: Pre–post

Interventions

Intervention: RFA – bipolar radiofrequency-induced thermotherapy of the tongue base (RFTB) performed on an outpatient 
basis under local anaesthesia. A radiofrequency generator (CelonLab ENT power control unit; Olympus Medical Systems, 
Europa GmbH, Hamburg) was used for delivery of bipolar radiofrequency energy to six application sites for the first treatment 
with energy delivered with a disposable probe through the dorsal surface of the tongue. The area of the tongue had an 
extension of 3 cm × 3 cm and circumscribed the circumvallate papilla. The coagulations were placed at a distance of 1.5–2 cm 
from each other. The mean number of treatment sessions per patient was 1.5 (range 1–3). The total amount of energy 
delivered per treatment session was 504 J (7 W in 12 seconds = 84 J per lesion; diameter of lesion 4.9 mm) in less than 2 
minutes. If required, a second treatment session was performed minimally 6 weeks after the primary session. Termination 
of the treatment or scheduling of an additional treatment depended on the results of the control PSG testing and subjective 
improvement of snoring or hypersomnolence. Preoperatively patients received 2500 mg amoxicillin with clavulanate 
potassium continued for 1 week postoperatively
Concurrent treatment: RFTB was combined with other surgical treatment(s) in cases of retropalatal obstruction (large tonsils 
and long oedematous uvula) and severe multilevel obstruction as visualised during sleep endoscopy
Previous treatment(s): Some patients had undergone previous unsuccessful pharyngeal surgery for OSAS (not reported by 
subgroup) 

Participants

Total n = 22
If this study includes a mixed patient population, number of non-apnoeic snorers included: 9
Tests to exclude OSAS (including test details): All patients had one night of standard PSG testing preoperatively to 
discriminate OSA (AHI > 5) from socially unacceptable snoring (SUS). PSG included sleep architecture (derived from 
an electroencephalogram, eye movements and a submental electromyogram), respiration (thoracic and abdominal 
measurements), O2 saturation, movements of limbs and intensity of snoring
Tests to assess the site of airway narrowing (including test details): Sleep endoscopy with midazolam
Inclusion criteria: Patients with SUS or OSAS; had at least narrowing or obstruction at tongue base level (Fujita type III), 
observed by sleep endoscopy with midazolam
Exclusion criteria: NR
Subgroups: Non-apnoeic snorers, n = 9; OSAS, n = 3

Patient baseline characteristics

n 9 (non-apnoeic snorers; n = 8 patients had one treatment session and n = 1 patient 
had two sessions)

Age (years), mean ± SD 45.4 ± 9.7

Male, n (%) 6 (66)

BMI (kg/m2), mean ± SD 26.5 ± 3.8

AHI score, mean ± SD 2.5 ± 1.8

ESS score, mean ± SD 6.6 ± 6.8

Smokers, n (%) NR

Outcome measures

Outcome 1: ESS score. Definition of treatment success: a cut point of ESS > 7 indicates disturbed or unrefreshing sleep
Covariates: NR
Total length of follow-up: 360 ± 132 days
Follow-up assessment times: follow-up visits with clinical examination at 7 days and 6–8 weeks after surgery
Rate of attrition at each follow-up time: 0 in this group
Method of statistical analysis: Differences between pre- and post-treatment scores were analysed using the sign rank test
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Results

Outcome 1: ESS score

n (in analysis) 9

ESS score, mean ± SD 2.4 ± 3.4; p < 0.05

Postoperative adverse events: No postoperative complications such as infections, abscesses, haematomas or ulcerations of the 
tongue base occurred; no serious complications were seen in this group
Long-term adverse events: NR
Need for repeat procedure (unscheduled): NR

Authors’ conclusions

Bipolar RFTB in patients with obstruction at the tongue base only is a safe and simple procedure under local anaesthesia and 
can be effective in patients with SUS

Methodological assessment criteria

1. Study design Pre–post

2. Were the study eligibility criteria specified? Yes 

3. Are adequate baseline details presented? Partial 

4. Are any co-interventions clearly stated? Yes 

5. Is compliance with treatment adequate? Yes 

6. Were any subgroup analyses justified? Yes 

7. Were data collection tools shown or known to be valid for the 
outcome of interest?a

Partial (both objective and subjective outcomes 
assessed) 

8. Were the data collection tools known or shown to be consistent 
and accurate in measuring the outcome of interest?b

Partial (both objective and subjective outcomes 
assessed)

9. Were all study participants accounted for? Yes 

10. Are greater than 80% of patients included in the follow-up 
assessment?

Yes 

11. Are data analyses appropriate? Yes 

12. Are the conclusions supported by the results? Yes (but the size of the subject group is too small)

13. Generalisability Relatively inclusive eligibility criteria, applicable to 
patients with obstruction at the tongue base only 
(Fujita type III)

14. Intercentre variability One-centre study

15. General comments –

a The tools are known to be valid or were shown to measure what they are intended to measure.
b The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).
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Title: Voice quality after radiofrequency volumetric tissue reduction of the soft palate in habitual snorers
Country: Sweden
Setting: Departments of Otorhinolaryngology and Neurophysiology
Study design: Pre–post

Interventions

Intervention: Radiofrequency tissue volume reduction near or on the midline (600 J) and on each side of the soft palate (300 J), 
1 or 2 cm from the lower border, with a maximum temperature of 85°C. The total energy per treatment session was 1200 J. 
A Somnus model 215 radiofrequency generator (Somnus Medical Technologies, Sunnyvale, CA) with disposable needles was 
used. Patients were given two tablets of 30 mg prednisolone, 500 mg paracetamol plus 30 mg codeine, and 50 mg diclofenac 
before surgery. Topical anaesthesia (lidocaine) was sprayed onto the velum and tongue before the velum was infiltrated 
with 4 ml lidocaine 10 mg/ml with adrenaline 5 µg/ml. Treatment was planned for a minimum of two and a maximum of four 
sessions with an interval of at least 1 month between treatments (mean number of treatments three)
Concurrent treatment (specific details): NR
Previous treatment(s): NR

Participants

Total n = 16
If this study includes a mixed patient population, number of non-apnoeic snorers included: NA
Tests to exclude OSAS (including test details): Apnolog sleep study (pulse oximetry, movements and breathing efforts on static 
charge-sensitive bed, sleep position and snoring microphone)
Tests to assess the site of airway narrowing: Clinical examination of the upper airways including fibreoptic endoscopy with 
Muller’s manoeuvre
Inclusion criteria: Age < 70 years; loud habitual snoring with or without excessive daytime sleepiness; palatal obstruction only 
(uvula length < 2.5 cm); BMI < 30 kg/m2; AHI < 15; nadir SaO2 > 85%
Exclusion criteria: Speech or swallowing difficulties; excessive tongue base enlargement; neurological, endocrine, heart or lung 
disease
Subgroups: NA

Patient baseline characteristics

n 16

Age (years), mean (range) 49.4 ± 10.4 (26–67)

Male, n (%) 11 (68.6)

BMI (kg/m2), mean ± SD (range) 26.2 ± 2.0 (22–30)

AHI score, mean ± SD (range) NR

ODI, mean ± SD 4.0 ± 3.4

Maximum snoring sound level (dB), mean 53

ESS score, mean ± SD 11.4 ± 5.0 

Snoring severity (partner, VAS), mean ± SD 8.2 ± 2.9

Speech analysis parameters: 

 Nasal–oral ratio meter (NORAM) analysis of hypernasality, mean (95% CI) 3.9 (1.4–6.0)

 Hypernasality (listener rated), mean 1.0 

 Nasal escape (listener rated), mean 1.0

 Velopharyngeal snort (listener rated), mean 1.0

Outcome measures

Outcome 1: ODI. Definition of treatment success: NR
Outcome 2: Maximum snoring level sound (dB). Definition of treatment success: NR
Outcome 3: Snoring severity scale score assessed on a 10-point VAS. Definition of treatment success: NR
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Outcome 4: ESS score. Definition of treatment success: NR
Outcome 5: Maximum pain scale score assessed on a 10-point VAS. Definition of treatment success: NR
Outcome 6: NORAM hypernasality score. Definition of treatment success: NR
Outcome 7: Speech and language pathologist assessment of nasal escape and velopharyngeal snort assessed on a 5-point scale 
with 1 = normal and 5 = severe deviation from normal. Definition of treatment success: NR
Covariates: NA
Total length of follow-up: Mean 165 days
Follow-up assessment times: One follow-up assessment at a minimum of 2 months postoperatively (mean 165 days)
Rate of attrition at each follow-up time: NA
Methods of statistical analysis: Student’s t-test was used to investigate changes between pretreatment and post-treatment 
values of the NORAM test; ordinal data such as speech evaluation, snoring index and ESS score were analysed using the 
Wilcoxon paired sample test

Results

Outcomes 1–7

n (in analysis) 16

ODI, mean ± SD 3.3 ± 2.5; p = NR

Maximum snoring level sound (dB), mean 45

Snoring severity scale score, mean ± SD 4.1 ± 2.5: p < 0.01

ESS score, mean ± SD 8.2 ± 4.4; p = NS

Maximum pain scale score, mean ± SD 4.0 ± 2.6

NORAM score, mean (95% CI) 3.1 (0.6–5.7)

Hypernasality, mean 1.0

Nasal escape, mean 1.0

Velopharyngeal snort, mean 1.0

Postoperative adverse events: Three patients sustained blanching at treatment one; two patients developed ulcerations after 
the last treatment session; two patients complained of increased soft palate hyper-reflexia; two patients sustained an otalgia
Need for repeat procedure (unscheduled): NR

Authors’ conclusions

Radiofrequency volumetric tissue reduction in the soft palate as a treatment for snoring did not have any significant adverse 
effects on velopharyngeal function and voice quality

Reviewer’s comments

Radiofrequency volumetric tissue reduction in the soft palate as a treatment for snoring did not have any significant adverse 
effects on velopharyngeal function and voice quality

Methodological assessment criteria

1. Study design Pre–post study

2. Were the study eligibility criteria specified? Yes

3. Are adequate baseline details presented? Partial

4. Are outcome assessors blinded? Unclear

5. Is compliance with treatment adequate? Yes

6. Were data collection tools shown or known to be valid for the outcome of interest?a Partial (mixture of objective and 
subjective outcome measures)

7. Were the data collection tools known or shown to be consistent and accurate in 
measuring the outcome of interest?b

Partial (mixture of objective and 
subjective outcome measures)

8. Were all study participants accounted for? Yes

9. Are data analyses appropriate? Yes

10. Are greater than 80% of patients included in the follow-up assessment? Yes
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11. Are the conclusions supported by the results? Yes

12. Generalisability The patient group appears 
to be representative of those 
undergoing radiofrequency 
volumetric tissue reduction for 
primary snoring

13. Intercentre variability One-centre study 

a The tools are known to be valid or were shown to measure what they are intended to measure.
b The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).
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Title: Radiofrequency tissue volume reduction of the soft palate in simple snoring
Country: Australia
Setting: Departments of Pulmonary Physiology and Ear, Nose and Throat Surgery
Study design: Pre–post

Interventions

Intervention: Radiofrequency tissue volume reduction (RFTVR) to the middle, distal and proximal thirds of the midline of the 
palate successively at intervals of at least 2 weeks. Topical lidocaine (4%) followed by submucosal infiltration of 2% lidocaine 
with epinephrine was used as local anaesthetic. A radiofrequency generator (Somnus Medical Technologies, Sunnyvale, CA) 
and a hand-held electrode were used to deliver 650 ± 7.18 J (constant electrode temperature of 85°C) to the midline of the 
soft palate. The mean interval between treatments was 26.9 ± 12.1 days. Patients used the combination drug paracetamol/
codeine (500 mg/30 mg) for up to 4 days after each treatment
Concurrent treatment (specific details): NA
Previous treatment(s) (specific details): Patients had not undergone previous surgical treatment other than tonsillectomy or 
adenoidectomy (when applicable)

Participants

Total n = 20
If this study includes a mixed patient population, number of non-apnoeic snorers included: NA
Tests to exclude OSAS (including test details): PSG (sleep staging); oronasal flow (thermistor); chest and abdominal motion 
(inductance plethysmography; Respitrace, Ardsley, NY). Snoring sound intensity was measured using a sound intensity meter 
with the omnidirectional microphone set in a fixed position relative to the sound source 1 m above the patient’s head
Tests to assess the site of airway narrowing (including test details): Lateral cephalometry
Inclusion criteria: Age ≥ 18 years; habitual snoring; maximum snore intensity of 50 dB or greater; simple snoring or mild OSAS 
(AHI ≤ 15)
Exclusion criteria: History of neurological, swallowing or unstable psychiatric disorder; BMI > 32 kg/m2; previous pharyngeal 
surgery (excluding tonsillectomy or adenoidectomy)
Subgroups: NA

Patient baseline characteristics

n 20

Age (years), mean ± SD 43.2 ± 11.1 

Male, n (%) 16 (80)

BMI (kg/m2), mean ± SD 27.1 ± 2.8

AHI score, mean ± SD 3.3 ± 3.1

Arousal index per hour of sleep, mean ± SD 19.4 ± 7.9

Sleep efficiency (%), mean ± SD 82.6 ± 9.6

Mean sleep SaO2 (%), mean ± SD 95.7 ± 1.4

Nadir sleep SaO2 (%), mean ± SD 88.3 ± 3.5 

ESS score, mean ± SD 8.1 ± 4.0 

Sleepiness scale score (VAS), mean ± SD 3.0 ± 2.0

Snoring severity (partner, VAS), mean ± SD 7.5 ± 1.5

Snoring intensity (dB), mean ± SD 60.2 ± 3.9 

Cephalometric parameters: 

 Angle between the sellar point to the nasion line and maxillary point 
(°), mean ± SD 

80.2 ± 4.5

 Angle between the sellar point to the nasion line and mandibular 
point (°), mean ± SD

77.7 ± 5.3

 Posterior airspace (mm), mean ± SD 6.45 ± 2.41

 Maximum soft palate width (mm), mean ± SD 10.11 ± 1.97
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 Distance between the posterior nasal spine and the tip of the uvula 
(mm), mean ± SD

38.17 ± 2.39

Outcome measures

Outcome 1: ESS score. Definition of treatment success: NR
Outcome 2: Sleepiness scale score assessed with a 10-point VAS ranging from ‘no tendency to sleep’ to ‘constantly falling 
asleep’. Definition of treatment success: NR
Outcome 3: Snoring severity scale score assessed by partner with a 10-point VAS ranging from ‘no snoring’ to ‘very intense 
(partner leaves the bedroom)’. Definition of treatment success: NR
Outcome 4: Snoring intensity (dB). Definition of treatment success: NR
Outcome 5: Changes in polysomnographic variables. Definition of treatment success: NR
Outcome 6: Changes in cephalometric parameters. Definition of treatment success: NR
Outcome 7: Postoperative pain, swallowing difficulties and changes in speech measured on a 10-point VAS 3 and 7 days post 
each procedure. Definition of treatment success: NA
Covariates: Relationship between baseline demographic variables, PSG results, cephalometric parameters, total energy 
delivered and time since first treatment and changes in subjective snoring outcomes were explored using forward stepwise 
linear regression (p < 0.5 was considered significant)
Total length of follow-up: 2 months post final treatment session
Follow-up assessment times: Patients were followed up post each treatment session and at 2 months after the final treatment 
session
Rate of attrition at each follow-up time: NA
Methods of statistical analysis: Clinical and cephalometric data were compared before and after treatment by a Mann–Whitney 
rank sum test; the relationships of baseline demographic, PSG and cephalometric data to improvements in subjective snoring 
were examined by forward stepwise linear regression

Results

Outcomes 1–4

n (in analysis) 20

ESS score, mean ± SD 6.7 ± 4.0; p = NS

Sleepiness scale score (VAS), mean ± SD 2.6 ± 2.2: p = NS 

Snoring severity score (VAS), mean ± SDa 4.6 ± 2.5: p < 0.001

Snoring intensity (dB), mean ± SDb 64.9 ± 5.3; p = 0.03

Outcome 5: Changes in PSG variables 

n (in analysis) 20

AHI score, mean ± SD 6.6 ± 8.1; p = NS 

Arousal index per hour of sleep, mean ± SD 19.2 ± 9.6; p = NS

Sleep efficiency (%), mean ± SD 82.5 ± 11.8; p = NS

Mean sleep SaO2 (%), mean ± SD 95.6 ± 1.3; p = NS

Nadir sleep SaO2 (%), mean ± SD 86.7 ± 5.5; p = NS

Outcome 6: Changes in cephalometric parameters 

n (in analysis) 20

Angle between the sellar point to the nasion line and maxillary point (°), mean ± SD 79.5 ± 4.8; p = NS

Angle between the sellar point to the nasion line and mandibular point (°), mean ± SD 77.4 ± 5.4; p = NS

Posterior airspace (mm), mean ± SD 4.80 ± 2.19; p = NS

Maximum soft palate width (mm), mean ± SD 9.34 ± 2.19; p = NS

Distance between the posterior nasal spine and the tip of the uvula (mm), mean ± SD 37.00 ± 2.77; p = NS 
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Outcome 7: Postoperative pain, swallowing difficulties and changes in speech 3 and 7 days after each procedure (rating on a 10-point 
VAS) 

Treatment one (middle third) Treatment two (distal third) Treatment three 
(proximal third)

Day 3 Day 7 Day 3 Day 7 Day 3 Day 7

Pain, mean ± SD 1.7 ± 1.2 0.5 ± 0.9 1.7 ± 1.7 1.4 ± 1.4 0.8 ± 1.4 0.5 ± 1.1

Swallowing, mean ± SD 1.7 ± 1.0 0.7 ± 0.7 1.8 ± 1.7 1.4 ± 1.4 0.7 ± 1.0 0.3 ± 0.8

Speech, mean ± SD 0.8 ± 1.0 0.1 ± 0.5 1.0 ± 1.4 0.5 ± 1.0 0.7 ± 1.5 0.1 ± 0.3

Postoperative adverse events: Three patients developed mucosal ulcers after treatment to the distal third of the palate; in one 
patient the lesion occurred following movement during treatment, which resulted in exposure of the mucosa to the active 
electrode
Need for repeat procedure (unscheduled): NA

Authors’ conclusions

RFTVR palatoplasty is well tolerated with very low morbidity. It is associated with a subjective improvement in snoring; 
however, this improvement is accompanied by a marginal change in objective measures, suggesting either an acoustic change 
independent of sound intensity or a placebo effect. Placement of the lesions additionally appears to influence outcome

Reviewer’s comments

Adequate participant baseline details reported including somnographic data, cephalometric parameters and both objective 
and subject assessments of snoring intensity. Changes in the subjective assessment of snoring do not correlate with objective 
measures, both of sound intensity and of cephalometric parameters

Methodological assessment criteria

1. Study design Pre–post study

2. Were the study eligibility criteria specified? Yes

3. Are adequate baseline details presented? Partial 

4. Are outcome assessors blinded? NA

5. Is compliance with treatment adequate? Yes

6. Were data collection tools shown or known to be valid for the 
outcome of interest?c 

Partial (mixture of objective and subjective 
outcome measures)

7. Were the data collection tools known or shown to be consistent and 
accurate in measuring the outcome of interest?d

Partial (mixture of objective and subjective 
outcome measures)

8. Were all study participants accounted for? Yes

9. Are data analyses appropriate? Yes

10. Are greater than 80% of patients included in the follow-up assessment? Yes

11. Are the conclusions supported by the results? Yes

12. Generalisability The patient group appears to be 
representative of those undergoing RFTVR for 
primary snoring

13. Intercentre variability One-centre study 

a Improvements in subjective snoring were observed after the first treatment (middle third of the soft palate) (6.2 ± 2.0, 
p = 0.03) and the second treatment (distal third) (4.8 ± 2.3, p = 0.04, between the first and the second treatment) but 
not after the third treatment (proximal third) (4.6 ± 2.5, p = NS, between the second and the third treatment) (data 
presented as mean ± SD).

b There was a slight redistribution of snoring intensity, with a reduction in the proportion of time spent snoring in the range 
of 50–60 dB (p = 0.03) and an insignificant increase in snoring at 40–50 dB.

c The tools are known to be valid or were shown to measure what they are intended to measure.
d The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).
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Title: Radiofrequency surgery of the soft palate in the treatment of snoring: a placebo-controlled trial
Country: Germany
Setting: Outpatient Department, Department of Otorhinolaryngology
Study design: Randomised placebo-controlled trial

Interventions

Intervention 1: Two consecutive sessions of radiofrequency (RF)-controlled surgery (Somnoplasty®) performed under local 
anaesthesia. The Somnus® radiofrequency generator Model S2 (Gyrus ENT, Bartlett, TN) was used for the generation of 
temperature-controlled RF energy. The surgical procedure was standardised. In session one, three application sites were 
selected (600 J in the midline and 2 × 450 J approximately 1 cm lateral to the midline). In session two, four application sites 
were chosen (4 × 450 J). In total, 3300 J were delivered in the RF group. The target temperature was set to 85°C. The 
procedure was performed by a single surgeon and the second session was performed 4–6 weeks after the first session. 
Patients did not receive any sedation, prophylactic antibiotics or corticosteroids
Intervention 2. Placebo treatment given using the same standardised protocol, including local anaesthesia. The device needle 
was inserted but no RF energy was delivered. The second session was performed 4–6 weeks after the first session. Patients 
did not receive any sedation, prophylactic antibiotics or corticosteroids
Concurrent treatment: NR
Previous treatment(s): Patients had not undergone previous soft palate surgery 

Participants

Total n = 26; 23 patients were included in the analysis (12 RF surgery and 11 placebo)
If this study includes a mixed patient population, number of non-apnoeic snorers included: NA
Tests to exclude OSAS: PSG or ambulatory polygraphy were administered. No test details were reported
Tests to assess the site of airway narrowing: Clinical assessment including rigid endoscopy (awake patient) to rule out 
retrolingual obstruction or significant tonsillar hypertrophy; the appearance of the epiglottic vallecular on laryngeal endoscopy 
was the main criterion used to evaluate retrolingual obstruction due to potential tongue-based hypertrophy
Inclusion criteria: Patients with primary snoring; age ≥ 18 and ≤ 65; maximum BMI 35 kg/m2; no co-morbid disease and not 
professional voice user; no excessive daytime sleepiness; OSA ruled out by either PSG or ambulatory polygraphy
Exclusion criteria: Significant retrolingual obstruction; tonsillar hypertrophy; previous soft palate surgery

Patient baseline characteristics

RFA Placebo 

n 12 11

Age (years), mean ± SD (range) 42.6 ± 7.6 (27–60)

Male, n (%) NR NR

BMI (kg/m2), mean (range) NR NR

AHI score, mean ± SD (range)a 2.45 ± 1.51 (0.7–5.3) 2.68 ± 2.48 (0.2–9.2)

ESS score, mean ± SD 5.4 ± 4.6 5.2 ± 3.1 

Smokers, n (%) NR NR

Snoring scale score, mean ± SD 8.1 ± 1.3 8.4 ± 1.6

Speech problems scale score, mean ± SD 0.4 ± 0.8 1.0 ± 1.4

Swallowing function scale score, mean ± SD 0.4 ± 0.6 0.3 ± 0.6

Taste problems scale score, mean ± SD 0.3 ± 0.7 0.4 ± 0.5

Pharyngeal irritation scale score, mean ± SD 1.1 ± 1.0 0.8 ± 0.9

Outcome measures

Outcome 1: Mean snoring score assessed with a 10-cm VAS. ‘No snoring’ and ‘excessive snoring, bed partner leaves the 
room’ were used as anchors. Definition of treatment success: NR
Outcome 2: Mean daytime sleepiness score assessed with the ESS. Definition of treatment success: NR
Outcome 3: Mean speech problem score assessed with a 10-cm VAS. ‘No problems/not affected’ (0) and ‘severe problems/
severely affected’ (10) were used as anchors. Definition of treatment success: NR
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Outcome 4: Mean swallowing function score assessed with a 10-cm VAS. ‘No problems/not affected’ (0) and ‘severe 
problems/severely affected’ (10) were used as anchors. Definition of treatment success: NR
Outcome 5: Mean taste score assessed with a 10-cm VAS. ‘No problems/not affected’ (0) and ‘severe problems/severely 
affected’ (10) were used as anchors. Definition of treatment success: NR
Outcome 6: Mean pharyngeal irritation score assessed with a 10-cm VAS. ‘No problems/not affected’ (0) and ‘severe 
problems/severely affected’ (10) were used as anchors. Definition of treatment success: NR
Covariates: NR
Total length of follow-up: 10–14 weeks from baseline
Follow-up assessment times: Only one follow-up at 10–14 weeks
Rate of attrition: n = 3; treatment group assignment and the reasons for withdrawal not reported

Results

Outcomes 1–4

RFA Placebo Differences between groups

n (in analysis) 12 11 –

Mean snoring score, mean ± SD 5.2 ± 2.4 8.0 ± 2.3 p = 0.045

Mean ESS score, mean ± SD 3.9 ± 3.3 4.3 ± 2.7 p = 0.77

Mean speech problem scale score, mean ± SD 0.3 ± 0.5 0.7 ± 1.1 p > 0.05

Mean swallowing function scale score, mean ± SD 0.4 ± 0.5 0.3 ± 0.5 p > 0.05

Mean taste scale score, mean ± SD 0.3 ± 0.4 0.4 ± 0.6 p > 0.05

Mean pharyngeal irritation scale score, mean ± SD 1.5 ± 1.8 0.6 ± 1.4 p > 0.05

Postoperative adverse events: NR
Long-term adverse events: NR
Need for repeat procedure (unscheduled): NR

Authors’ conclusions

RF surgery was significantly better than placebo, although the reduction in snoring was only moderate in this group of patients

Reviewer’s comments

Methods of randomisation adequate. Original power calculation for 5% α error with 90% power based on 12 patients per 
group. There are n = 12 and n = 11 in RFA and placebo groups respectively. Appears on basis of power calculation that study 
should be adequately powered. Patient withdrawals per group and the reasons for withdrawal are not reported (supposition: 
n = 13 at baseline in each group, therefore n = 1 withdrawal in the RFA group and n = 2 in placebo group). Per protocol 
analysis conducted, not intention to treat. Non-parametric analysis appropriate given the skewed data. Postoperative adverse 
events not reported. Length of follow-up 10–14 weeks from baseline. Effect size for reduction in snoring scale scores only 
moderate (mean ± SD: 5.2 ± 2.4 on 10-point VAS; in current literature a reduction of snoring to a postoperative snoring score 
below 3 is regularly considered as a successful treatment). Longer-term implications of the moderate reduction in snoring 
levels are unclear, particularly given the subjective outcome measures used and the reduction in the efficacy of interventions at 
longer term follow-up

Methodological assessment criteria

1. Study design RCT

2. Were the study eligibility criteria specified? Yes

3. Was a power calculation performed? Yes

4. Is the sample size adequate? Yes

5. Is the number randomised stated? Partial (overall, but not by treatment group)

6. Is the study properly randomised?b Yes (computer generated) 

7. Is allocation of treatment concealed? c Yes

8. Are adequate baseline details presented? No

9. Are groups similar at baseline? Unclear (prognostic variables not reported)

10. Are any baseline imbalances adequately adjusted for in the 
analysis? 

No
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11. Are similar co-interventions administered? Unclear

12. Are patients blinded to treatment allocation? Yes

13. Are outcome assessors blinded? Yes

14. Is compliance with treatment adequate? Yes (all patients in analysis completed protocol)

15. Were any subgroup analyses justified? NA

16. Were data collection tools shown or known to be valid for the 
outcome of interest?d 

No

17. Were the data collection tools known or shown to be consistent 
and accurate in measuring the outcome of interest?e

No

18. Were all study participants accounted for? No

19. Are data analyses appropriate? Yes

20. Is analysis conducted on an intention to treat basis? No (per protocol)

21. Are greater than 80% of patients included in the follow-up 
assessment? 

Yes

22. Are the conclusions supported by the results? Yes

23. Generalisability Unclear

24. Intercentre variability Only one treatment centre

25. General comments –

a Data on one patient per group missing.
b Adequate approaches to sequence generation: computer-generated random numbers, random number tables; 

inadequate approaches: use of alternation, case record numbers, birth dates or week days.
c Adequate approaches to concealment allocation: centrally or pharmacy-controlled randomisation; inadequate 

approaches: serially numbered envelopes, use of alternation, open random number lists.
d The tools are known to be valid or were shown to measure what they are intended to measure.
e The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).
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Title: Injection snoreplasty: how to treat snoring without all the pain and expense
Country: USA
Setting: Otolaryngology Clinic at Walter Reed Army Medical Centre
Study design: Pre–post

Interventions

Intervention: Palatal stiffening with injection snoreplasty performed as an outpatient procedure using topical anaesthesia 
(cetacaine oral spray followed by a benzocaine gel). Treatment one: 2.0 ml of 1% sodium tetradecyl sulphate (10 mg/ml) 
injected with a single needle penetration in to the midline soft palate. For repeat procedures: 3% sotradecol (30 mg/ml) 
was generally used and the site of injection modified to include the lateral areas of the soft palate as well as those areas not 
adequately stiffened by the previous procedure. Maximum procedure time 20 minutes. Follow-up appointments for possible 
reinjection were scheduled a minimum of 6 weeks after the previous procedure to allow for development of maximal palatal 
stiffening. The decision to proceed with further treatment was based on patient or sleeping partner dissatisfaction with the 
snoring response to the procedure. All procedures were performed by the same surgeons. Number of treatments: one, 
n = 10 (37%); two, n = 13 (48%); three, n = 4 (15%). Mean number of treatments 1.8. No antibiotics or steroids were 
prescribed
Concurrent treatment: NR
Previous treatment(s): Patients had not undergone previous surgical treatment for snoring

Participants

Total n = 27
If this study includes a mixed patient population, number of non-apnoeic snorers included: NA
Tests to exclude OSAS (including test details): All patients underwent an overnight sleep study with the diagnosis of primary 
snoring confirmed with a RDI of < 10
Tests to assess the site of airway narrowing (including test details): All patients underwent a thorough physical examination 
during the initial visit. The nasal cavity, nasopharynx, oropharynx and hypopharynx were evaluated using a flexible fibreoptic 
scope. The soft palate was observed for flutter and a videostrobe used to record the voluntary palatal flutter frequency
Inclusion criteria: Primary snoring with a RDI of < 10
Exclusion criteria: Tonsillar hypertrophy on physical examination (defined as greater than 1+); a known history of co-morbid 
disease that could alter routine healing patterns (e.g. vascular disease, diabetes mellitus, significant periodontal disease, etc.); a 
history of previous surgical snoring treatment
Subgroups: NA

Patient baseline characteristics

n in analysis 27

Age, mean (range) 42 (24–72)

Male, n (%) 25 (92.5)

BMI, mean (range) NR

AHI score, mean (range) 1.7 (0–10)

ESS score, mean (range) NR

Smokers, n (%) NR

Other NR

n in analysis 26

Palatal flutter snoring frequency (Hz), mean 74.1

ESS score, mean (range) NR

Outcome measures

Outcome 1: Successful treatment of snoring (patient or partner reported). Definition of treatment success: NR
Outcome 2: Fundamental frequency of palatal flutter snoring. Definition of treatment success: NA
Outcome 3: Pain score (0–10 VAS scale). Definition of treatment success: NA



DOI: 10.3310/hta13030 Health Technology Assessment 2009; Vol. 13: No. 3

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

181

Brietzke 2001102

Covariates: NR
Total length of follow-up: 10 days post each injection
Follow-up assessment times: Days 1, 2, 3, 4, 5, 6, 7 and 10
Rate of attrition at each follow-up time: 0
Methods of statistical analysis: NR

Results

Outcome 1: Successful treatment of snoring

n (in analysis) 27

‘Snoring has gone’ or ‘snoring is no longer a problem’, n (%) 25 (92%)

Snoring relapses in 1 year of follow-up 0

Outcome 2: Fundamental frequency of palatal flutter snoring 

n (in analysis) 13

Fundamental frequency of palatal flutter snoring (Hz) 105.4; difference: 31.3

Outcome 3: Pain score VAS

n (in analysis) 27

Pain score VAS (postoperative), mean:

 Day 1 3

 Day 2 2.4

 Day 3 2.2

 Day 4 1.4

 Day 5 1

Postoperative adverse events: No significant complications. There were no post-injection infections, palatal fistula or 
velopharyngeal insufficiency. Palatal mucosal breakdown was observed in six (22%) patients (healed with no sequelae) among 
a total of 48 (12.5%) total injection treatment sessions. Two of these six patients reported considerably more discomfort 
than the others over a longer period of time (5–10 days). The other four had minimal to no pain. All patients were treated 
supportively without antibiotics. There were no significant post-injection speech or swallowing difficulties
Long-term adverse events: NR
Need for repeat procedure (unscheduled): NR

Authors’ conclusions

Injection snoreplasty is simple, safe and effective for primary snoring with advantages including simplicity, decreased expense, 
decreased post-treatment pain levels and minimal/no convalescence

Methodological assessment criteria

1. Study design Pre–post

2. Were the study eligibility criteria specified? Partial 

3. Are adequate baseline details presented? Partial 

4. Are any co-interventions clearly stated? NA

5. Is compliance with treatment adequate? Yes 

6. Were any subgroup analyses justified? NA

7. Were data collection tools shown or known to be valid for the outcome of interest?a No 

8. Were the data collection tools known or shown to be consistent and accurate in 
measuring the outcome of interest?b

No 

9. Were all study participants accounted for? Yes 

10. Are greater than 80% of patients included in the follow-up assessment? Yes 

11. Are data analyses appropriate? No analysis undertaken 
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12. Are the conclusions supported by the results? Measurement of successful 
treatment of snoring was 
subjective; insufficient 
information on how the success 
was defined; small group of 
subjects

13. Generalisability Applicable to primary snoring 
caused by palatal flutter

14. Intercentre variability One-centre study

15. General comments –

a The tools are known to be valid or were shown to measure what they are intended to measure.
b The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).
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Title: Managing disturbing snoring with palatal implants: a pilot study
Country: Hong Kong
Setting: Departments of Otorhinolaryngology, Head and Neck Surgery
Study design: Pre–post

Interventions

Intervention: Palatal stiffening performed under local anaesthesia through insertion of polyethylene terephthalate (PET) 
implants into the soft palate. The implants were 18 mm in length and 1.6 mm in diameter. Implants were placed at the median 
and paramedian positions of the soft palate at a distance of 5 mm apart in a sagittal plane. Two implants were placed in each of 
the first two patients, and three implants were used in the remaining 10 patients. Oral antibiotic treatment with cefuroxime 
0.5 g/day and metronidazole 1.2 g/day was given for 1 week
Concurrent treatment (specific details): NR
Previous treatment(s): Patients had not undergone previous pharyngeal surgery

Participants

Total n = 12 (n = 9 in the analysis)
If this study includes a mixed patient population, number of non-apnoeic snorers included: NA
Tests to exclude OSAS: Formal overnight PSG including electroencephalography, electro-oculography, oximetry, airflow 
monitoring with nasal thermister, chest and abdominal movement monitoring and leg movement monitoring was performed in 
all patients. Snoring was assessed with the SNAP sonographic system (SNAP Laboratories, Glenview, IL) in the last five patients 
recruited to the study. The snoring index was defined as the average number of snores per hour
Tests to assess the site of airway narrowing: The size of the soft palate and the width of the uvula were measured before 
implantation. The length of the soft palate was measured from the soft–hard palatal junction to the base of the uvula at the 
midline. The width of the uvula was measured at the base at its junction with the soft palate proper
Inclusion criteria: Disturbing snoring patients with an AHI < 15 and a BMI of ≤ 30 kg/m2

Exclusion criteria: Patients with known cardiovascular disease, a previous history of pharyngeal surgery or a history of 
swallowing or speech disorders were excluded
Subgroups: NA

Patient baseline characteristics

n 9

Age (years), mean (range) 38 (29–53)

Male, n (%) 9 (100)

BMI (kg/m2), mean ± SD (range) 25.1 ± 2.9 (21–29.6)

AHI score, mean ± SD 4.8 ± 5.7

ESS score, mean ± SD 8.9 ± 5.6

Smokers, n (%) NR

Loudness of snoring (partner, VAS 0–100), mean ± SD (range) 79 ± 17.2 (50–100)

Outcome measures

Outcome 1: Loudness of snoring assessed by partner on a VAS ranging from 0 ‘no snoring’ to 100 ‘snoring of maximal 
loudness, bed partner leaves the room’. Definition of treatment success: NR
Outcome 2: AHI score. Definition of treatment success: NR
Outcome 3: ESS score. Definition of treatment success: NR
Outcome 4: Effect of the patient’s snoring on the sleep of family members assessed on a categorical scale with response 
options: ‘no snoring’, ‘mild snoring only’, ‘affects spouse only’, ‘affects whole family’, ‘heard outside house’. Definition of 
treatment success: NR
Outcome 5: Number of nights per week that the bed partner has to leave the room because of the loud snoring of the patient 
assessed with response options: 0,1–2 nights, 3–4 nights, 5–6 nights, 7 nights in a week. Definition of treatment success: NR
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Outcome 6: Objective measure of loudness of snoring (SNAP). No group mean data reported. Definition of treatment 
success: NR
Covariates: NR
Total length of follow-up: 3 months
Follow-up assessment times: 1
Rate of attrition at each follow-up time: 3/12
Method of statistical analysis: The Wilcoxon signed rank test was used to analyse paired data

Results

Outcomes 1–3

n (in analysis) 9

Loudness of snoring VAS, mean ± SD 48 ± 20.4; p = 0.008

AHI score, mean ± SD 8.3 ± 11.5; p = 0.33

ESS score, mean ± SD 5.7 ± 5.6; p = 0.007

Outcomes 4–6

n (in analysis) 9

Preoperative Postoperative (3 months)

Number of responses for:

 No snoring 0 0

 Mild snoring 0 5

 Affects spouse only 6 4

 Affects whole family 0 0

 Heard outside house 3 0

Number of responses for nights per week that the bed partner 
has to leave the room because of the loud snoring of the 
patient:

 0 night 3 6

 1–2 nights 3 1

 3–4 nights 1 2

 5–6 nights 1 0

 7 nights 1 0

Outcome 7: Objective measure of loudness of snoring (SNAP)

No group mean data reported

Postoperative adverse events: Implant extruded: 2/12 (16.7%) patients and 2/34 (8.8%) implants
Long-term adverse events: NR
Need for repeat procedure (unscheduled): NR

Authors’ conclusions

Palatal stiffening through insertion of PET implants in the soft palate is safe. Snoring decreased significantly at 3 months after 
surgery

Methodological assessment criteria

1. Study design Pre–post

2. Were the study eligibility criteria specified? Partial 

3. Are adequate baseline details presented? Yes 

4. Are any co-interventions clearly stated? Unclear 

5. Is compliance with treatment adequate? Yes 

6. Were any subgroup analyses justified? NA
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7. Were data collection tools shown or known to be valid for the outcome of interest?a Partial (both objective and 
subjective outcomes assessed) 

8. Were the data collection tools known or shown to be consistent and accurate in 
measuring the outcome of interest?b

Partial (both objective and 
subjective outcomes assessed) 

9. Were all study participants accounted for? No 

10. Are greater than 80% of patients included in the follow-up assessment? No 

11. Are data analyses appropriate? Yes 

12. Are the conclusions supported by the results? Too few subjects to draw firm 
conclusions

13. Generalisability Not applicable to patients with 
OSAS or with BMI > 30 kg/m2 
or with known cardiovascular 
disease, previous history of 
pharyngeal surgery or history of 
swallowing or speech disorders

14. Intercentre variability One-centre study

15. General comments –

a The tools are known to be valid or were shown to measure what they are intended to measure.
b The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).
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Titles: (1) Long-term results of palatal implants for primary snoring; (2) Palatal implants for primary snoring: short-term results 
of a minimally invasive surgical technique
Country: Germany
Setting: Sleep Disorders Centre, Departments of Otorhinolaryngology, Head and Neck Surgery
Study design: Pre–post

Interventions

Intervention: Palatal stiffening under local anaesthesia. Three implants (18 mm in length and 1.5 mm in diameter) were placed 
in parallel into the soft palate near the junction of the soft and hard palate. Correct positioning was verified by palpation and 
transnasal pharyngoscopy post implantation. For the first 19 patients the anti-snoring device was used, with the Pillar Palatal 
Implant System (Restore Medical, St Paul, MN) used for subsequent patients
Concurrent treatment: All patients were prescribed paracetamol and used it for 1–4 days maximally depending on their pain 
level. No patients needed narcotic analgesics or non-steroidal anti-inflammatory drugs. No patients were required to take time 
off work
Previous treatment(s): Patients had not undergone previous pharyngeal surgery

Participants

Total n = 40
If this study includes a mixed patient population, number of non-apnoeic snorers included: NA
Tests to exclude OSAS (including test details): One night of fully attended PSG in the sleep disorders centre was performed 
according to standard criteria in every patient before the initiation of the therapy; the AI, HI, RDI, ODI, mean O2 saturation, 
lowest O2 saturation and the sleep efficiency (SE) were measured; those with RDI ≤ 15/hour were included. Patients 
underwent a second PSG 12 weeks after the procedure. Snoring was recording using the SNAP system with a microphone 
attached to an oronasal cannula. The snoring index (number of snores per hour), primary vibration frequency (Hz) 
(fundamental frequency of all snoring events), palatal vibration frequency (Hz) (frequency of all velum-like snoring events); 
percentage of velum-like snores (types I and II), resistance occurrence index (percentage of all respiratory events whose 
spectral profile suggests increased resistance to airflow) and maximum relative loudness (dB) (loudness of loudest 10% of all 
snores) were calculated
Tests to assess the site of airway narrowing: Clinical examination including rigid and fibreoptic endoscopy during wakefulness
Inclusion criteria: Age between 18 and 80 years; snoring due to palatal flutter; RDI ≤ 15/hour; BMI < 30 kg/m2; patient seeking 
treatment for snoring; provided informed consent; length of soft palate ≥ 25 mm; no simultaneous participation in another 
clinical study during the last 6 months
Exclusion criteria: OSAS or upper airway resistance syndrome; pregnancy; breastfeeding women; drug abuse; acute infection 
of the respiratory tract; dysphagia or speech disorder; neurological or psychiatric disorder; nasal polyps or symptomatic septal 
deviation; previous history of pharyngeal surgery for snoring; previous history of radiation therapy to the upper respiratory 
tract
Subgroups: NA

Patient baseline characteristics

n 40 

Age (years), mean ± SD (range) 42.1 ± 9.0 (26–61)

Male, n (%) Unclear 

BMI (kg/m2), mean ± SD (range) 25.2 ± 2.5 (20.2–29.7)

Neck circumference (cm), mean ± SD 38.0 ± 3.4 

ESS score, mean ± SD 6.1 ± 3.2

Smokers, n (%) NR

Snoring score (partner, VAS; n = 32), mean 7.1

History of chronic snoring (years), mean ± SD 9.7 ± 7.9

PSG parameters:

 AI (events/hour), mean ± SD 0.7 ± 0.8 

 HI (events/hour), mean ± SD 3.0 ± 2.2

 AHI (events/hour), mean ± SD 3.7 ± 2.3

 ODI (events/hour), mean ± SD 3.4 ± 2.9 

 Mean O2 saturation during recording (%), mean ± SD 94.6 ± 1.8
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 Minimal O2 saturation during recording (%), mean ± SD 89.8 ± 4.1

 Sleep efficiency (%), mean ± SD 88.2 ± 8.1

Snoring analysis (SNAP recording) (n = 21):

 Snoring index (events/hour), mean ± SD 273 ± 178

 Primary vibration frequency (Hz), mean ± SD 107 ± 59

 Palatal vibration frequency (Hz), mean ± SD 82 ± 19

 Velum-like snores (types I and II) (%), mean ± SD 81 ± 25

 Resistance occurrence index (%), mean ± SD 25 ± 16

 Maximum relative loudness (dB), mean ± SD 15 ± 7

Functional parameters: 

 Speech VAS, mean ± SD 0.7 ± 1.8

 Swallowing VAS, mean ± SD 0.4 ± 0.6

 Pain VAS, mean ± SD 4.9 ± 3.3 

Outcome measures

Outcome 1: PSG results (AI, HI, AHI, ODI, O2 mean, O2 min, sleep efficiency) recorded at day 90. Definition of treatment 
success: NR
Outcome 2: Snoring index assessed with SNAP recording at day 90. Definition of treatment success: NR
Outcome 3: Other snoring analysis results assessed with SNAP recording at day 90 (primary vibration frequency, palatal 
vibration frequency, velum-like snores types I and II, resistance occurrence index, maximum relative loudness). Definition of 
treatment success: NR
Outcome 4: Snoring score assessed by the partner using a 10-cm VAS. Definition of treatment success: a decrease or increase 
of less than 1 cm on the 10-cm VAS after surgery was considered as unchanged; a decrease of 1 cm or more was considered as 
a response and any increase greater than 1 cm as a non-response; if the score decreased below 3 cm treatment was considered 
a success; if there was an initial response to treatment at day 90, an increase of 3 cm after 1 year was considered as a relapse
Outcome 5: Treatment success. Definition of treatment success: as above
Outcome 6: ESS score (daytime sleepiness and fatigue score). Definition of treatment success: NR
Outcome 7: Functional parameters (postoperative pain, swallowing and speech difficulties) assessed by 10-cm VAS. Definition 
of treatment success: NR
Covariates: The correlation of change in any of the SNAP parameters with change in the snoring score VAS was explored
Total length of follow-up: 360 days
Follow-up assessment times: Baseline, days 90, 180 and 360. PSG and SNAP recordings were performed at baseline and day 
90
Rate of attrition at each follow-up time: 8/40 at all time points for VAS snoring score, 19/40 for baseline and 90-day SNAP 
recordings
Methods of statistical analysis: Paired Student’s t-test for pre–post comparisons; for non-parametric data the Wilcoxon signed 
rank test

Results

Outcome 1: PSG parameter results at day 90

n (in analysis) 40

AI (events/hour), mean ± SD 1.1 ± 1.4; p = NS

HI (events/hour), mean ± SD 4.5 ± 4.7; p < 0.05 

AHI (events/hour), mean ± SD 5.5 ± 5.4; p < 0.05

ODI (events/hour), mean ± SD 5.3 ± 5.1; p = NS

O2 mean (%), mean ± SD 94.3 ± 1.7; p = NS

O2 min (%), mean ± SD 87.1 ± 5.8; p < 0.05

Sleep efficiency (%), mean ± SD 83.7 ± 12.1; p = NS
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Outcome 2: Snoring index at day 90

n (in analysis) 21

Snoring index (events/hour), mean ± SD 276 ± 172

Outcome 3: Other SNAP recording results at day 90 (primary vibration frequency, palatal vibration frequency, velum-like snores type I 
and II, resistance occurrence index, maximum relative loudness). 

n (in analysis) 21

Primary vibration frequency (Hz), mean ± SD 110 ± 59; p = NS

Palatal vibration frequency (Hz), mean ± SD 80 ± 30; p = NS

Velum-like snores (types I and II) (%) mean ± SD 85 ± 24; p = NS

Resistance occurrence index (%), mean ± SD 23 ± 14; p = NS

Maximum relative loudness (dB) mean ± SD 16 ± 6; p = NS

Outcome 4: Snoring score

n (in analysis) 32

Snoring score VAS at:

 Day 90, mean ± SD 4.2 ± 2.7; p < 0.05

 Day 180, mean ± SD 4.0 ± 2.5; p < 0.05

 Day 360, mean ± SD 4.8 ± 2.6; p < 0.05

Outcome 5: Treatment success (patient’s snoring evaluated by bed partner using a 10-cm VAS)

n (in analysis) 32

Patients with success at:

 Day 90, n (%) 13 (41)

 Day 180, n (%) 11 (34)

 Day 360, n (%) 7 (22)

Patients with a response achieved at:

 Day 90, n (%) 23 (72)

 Day 180, n (%) 20 (63)

 Day 360, n (%) 22 (69)

Reduction in VAS snoring score from baseline to day 360, 
mean ± SD

2.2 ± 2.5 (for the 32 patients); 2.8 ± 1.5 (for the 10 patients 
who experienced a partial extrusion)

Outcome 6: ESS score

n (in analysis) 32

Day 90, mean ± SD 4.3 ± 3.3; p < 0.05

Day 360, mean ± SD 4.9 ± 3.1; p < 0.05

Outcome 7: Postoperative pain and swallowing and speech difficulties at day 90

n (in analysis) 32

Speech, mean ± SD 0.1 ± 0.2; p < 0.05

Swallowing, mean ± SD 0.1 ± 0.4; p = NS

Pain, mean ± SD 0.2 ± 0.6; p < 0.05

Postoperative adverse events: All lesions healed without excessive scarring or other relevant sequelae. Implant extrusion: 10 
patients; 13/120 (11%) implants
Long-term adverse events: No severe adverse events were observed during the follow-up period
Need for repeat procedure (unscheduled): Two patients who had two partial extrusions received two new implants

Authors’ conclusion

The data indicate that there is a significant decrease in snoring and daytime sleepiness with the use of palatal stiffening over a 
period of 1 year

continued
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Methodological assessment criteria

1. Study design Pre–post

2. Were the study eligibility criteria specified? Yes 

3. Are adequate baseline details presented? Yes 

4. Are any co-interventions clearly stated? NA

5. Is compliance with treatment adequate? Yes 

6. Were any subgroup analyses justified? NA

7. Were data collection tools shown or known to be valid for the outcome of interest?a Partial (both subjective 
and objective outcomes 
assessed)

8. Were the data collection tools known or shown to be consistent and accurate in measuring 
the outcome of interest?b

Partial (both subjective 
and objective outcomes 
assessed)

9. Were all study participants accounted for? No 

10. Are greater than 80% of patients included in the follow-up assessment? No 

11. Are data analyses appropriate? Yes 

12. Are the conclusions supported by the results? Yes 

13. Generalisability Relatively inclusive 
eligibility criteria 

14. Intercentre variability One-centre study

15. General comments –

a The tools are known to be valid or were shown to measure what they are intended to measure.
b The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).
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Title: Palatal implants for the treatment of snoring: long-term results
Country: Norway
Setting: Departments of Otolaryngology, Head and Neck Surgery
Study design: Pre–post

Interventions

Intervention: Three palatal implants inserted under local anaesthesia. The implant is a braid of polyester filaments 18 mm long 
and 1.5 mm in diameter. The first implant was inserted in the midline about 5 mm distal to the trailing edge of the hard palate, 
and the further two implants were inserted 5 mm either side of the midline. Patients were given paracetamol 400 mg/codeine 
40 mg and diclofenac 50 mg orally. Local anaesthesia was obtained by topical lidocaine spray and infiltration of the palate with 
lidocaine/adrenaline solution. No sedation was given. Mean operative time was 8 minutes (range 3–16 minutes)
Concurrent treatment: The patients were given penicillin V orally 660 mg three times a day for 7 days as a prophylaxis against 
infection, and diclofenac 50 mg three times a day as an analgesic if necessary
Previous treatment(s) (specific details): NR

Participants

Total n = 35 (34 in the analysis)
If this study includes a mixed patient population, number of non-apnoeic snorers included: NA
Tests to exclude OSAS: PSG performed with a thin transnasal oesophageal catheter with pressure transducers combined with 
pulse oximetry and an actimeter (Reggie system; Camtech AS, Sandvika, Oslo, Norway). The airflow in the nose, oropharynx 
and hypopharynx was calculated from the differential pressures in the locations. Apnoeas were defined as an airflow of less 
than 10% of baseline and hypopnoea as a greater than 50% reduction in airflow, both for a duration of 10 seconds and a 3% 
drop in SaO2. The combined apnoea–hypopnoea index (AHI) was recorded and events registered as obstructive, central or 
mixed
Tests to assess the site of airway narrowing: Transnasal fibreoptic laryngoscopy and indirect laryngoscopy. On transnasal 
fibreoptic laryngoscopy the physical dimensions of the upper airway assessed were: (1) the modified Mallampati index 
(MMP) grades I–IV; (2) tonsil size grades 0–IV according to the Friedman criteria; (3) tongue base volume related to the 
vallecula grades I–IV (grade I: open vallecula; grade II: vallecula filled; grades III and IV: epiglottis pushed posteriorly or against 
the posterior pharyngeal wall). On indirect laryngoscopy the visibility of the larynx was assessed according to (1) anterior 
commissure visible (2) posterior commissure visible and (3) not visible
Inclusion criteria: Age > 18 years; AHI < 10; BMI < 30 kg/m2; soft palate length > 25 mm; tonsil size < 50% of airway; no 
significant nasal stenosis; bed partner present
Exclusion criteria: NR
Subgroups: NA

Patient baseline characteristics

n 34

Age (years), mean (range) 43.7 (23–67)

Male, n (%) 26 (76)

BMI (kg/m2), mean ± SD 26.1 ± 2.3 

AHI score, mean ± SD 2.2 ± 2.3

ESS score, mean ± SD 9.3 ± 4.1

Smokers, n (%) NR

Snoring intensity (partner, VAS), mean ± SD 7.1 ± 2.1

Pain score (VAS), mean 0.6

Swallowing difficulties (VAS), mean 0.8

Speech difficulties (VAS), mean 0.4

Outcome measures

Outcome 1: AHI score. Definition of treatment success: NR
Outcome 2: Snoring intensity reported by bed partner measured on a VAS ranging from 0 ‘no snoring’ to 10 ‘intensity that 
causes the partner to leave the bedroom’. Definition of treatment success: NR
Outcome 3: Treatment success according to criteria of partner satisfaction, patient satisfaction, VAS reduction > 50%, VAS 
< 5 and VAS < 3. Definition of treatment success: NR
Outcome 4: ESS score. Definition of treatment success: NR
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Outcome 5: Postoperative pain scores measured on a VAS ranging from 0 to 10. Definition of treatment success: NR
Outcome 6: Postoperative speech problems measured on a VAS ranging from 0 to 10. Definition of treatment success: NR
Outcome 7: Postoperative swallowing problems measured on a VAS ranging from 0 to 10. Definition of treatment success: 
NR
Covariates: The association of partner satisfaction with snoring reduction (VAS) and the physical parameters of soft palate 
length, MMP I–IV, larynx visibility I/II, tonsil grades I–IV, uvula grades I–IV and change in BMI was explored
Total length of follow-up: 360 days
Follow-up assessment times: 2–3 days, 14 days, 30 days, 90 days, 180 days and 360 days
Rate of attrition at each follow-up time: For AHI: 1/35 at all of the visits except for the one at 360 days postoperatively at 
which it was 5/35 (30 patients completed the repeat PSG); for VAS scale of snoring intensity: 1/35 at each follow-up time; the 
patient was excluded from the study because of a tonsillectomy in the observation period
Methods of statistical analysis: The Wilcoxon signed rank test was used for analysis of paired data (VAS scores and ESS scores) 
and a paired t-test when data had a normal distribution (AHI and BMI). Mann–Whitney U test was used to compare data 
from two independent samples (satisfaction of extrusion related to physical parameters and snoring-related symptoms). 
When these data had a normal distribution a t-test was used. Chi-squared test was used for analysis of categorical data in two 
groups. p-values ≤ of 0.05 were considered significant

Results

Outcome 1: AHI score

n (in analysis) 30

AHI score, mean ± SD 3.3 ± 3.8 (at day 360 after the surgery); 
p = NS

Outcome 2: VAS score for snoring intensity, mean ± SD

n (in analysis) 34

2–3 days postoperatively 6.4 ± 2.7

14 days postoperatively 5.1 ± 2.5

30 days postoperatively 4.5 ± 2.5

90 days postoperatively 3.4 ± 2.1

180 days postoperatively 3.6 ± 2.1

360 days postoperatively 4.8 ± 3.1; change from baseline: p < 0.001

Outcome 3: Treatment success according to different criteria

Time Partner 
satisfaction, n (%)

Patient satisfaction, 
n (%)

VAS reduction 
> 50%, n (%)

VAS < 5 (VAS < 3 
included), n (%)

VAS < 3, n 
(%)

6 months 28/34 (82.3) 31/34 (91.2) 17/34 (50) 24/34 (70.6) 8/34 (52.9)

12 months 24/34 (70.6) 27/34 (79.7) 13/34 (38.2) 17/34 (50) 8/34 (23.5)

Recurrence 4/28 (14.3) 4/31 (12.9) 7/17 (41.2) 8/24 (33.3) 12/18 (66.7)

Outcomes 4–7

n (in analysis) 34

ESS score, mean ± SD 5.6 ± 3.8 (at 360 days); p < 0.001

Postoperative pain score (VAS), mean: 

 Day 2 2.0

 Day 14 0.9

 Day 30 0.7

Postoperative swallowing difficulties (VAS), mean:

 Day 2 3.0

 Day 14 0.7

 Day 30 0.4
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Postoperative speech difficulties (VAS), mean:

 Day 2 0.9

 Day 14 0.5

 Day 30 0.2

Postoperative adverse events: Partial extrusion: 6/34 (17.6%) patients and 9/102 (8.8%) implants. One patient had a minor 
oedema at the base of the uvula. Two patients reported a mild transient metal taste
Use of postoperative analgesics: Mean use of prescribed analgesics 1.3 days (range 0–6 days). Mean total dose of diclofenac 
50 mg = 2.1 pills (range 0–15 pills). Eight of the patients (24%) did not take any analgesics at all
Long-term adverse events: NR
Need for repeat procedure (unscheduled): NR

Authors’ conclusions

The palatal implant system is safe, is associated with very low patient morbidity and results in virtually no tissue damage. The 
effectiveness in treating snoring is comparable to other surgical methods

Methodological assessment criteria

1. Study design Pre–post

2. Were the study eligibility criteria specified? Yes 

3. Are adequate baseline details presented? Partial 

4. Are any co-interventions clearly stated? Unclear 

5. Is compliance with treatment adequate? Yes 

6. Were any subgroup analyses justified? NA

7. Were data collection tools shown or known to be valid for the outcome of interest?a Partial (a mixture of both 
objective and subjective 
outcomes were assessed)

8. Were the data collection tools known or shown to be consistent and accurate in 
measuring the outcome of interest?b

Partial (a mixture of both 
objective and subjective 
outcomes were assessed)

9. Were all study participants accounted for? No

10. Are greater than 80% of patients included in the follow-up assessment? Yes 

11. Are data analyses appropriate? Yes 

12. Are the conclusions supported by the results? Yes 

13. Generalisability Relatively inclusive eligibility 
criteria 

14. Intercentre variability One-centre centre

15. General comments –

a The tools are known to be valid or were shown to measure what they are intended to measure.
b The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).
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Title: Consequences of increased rigidity in palatal implants for snoring: a randomized controlled study
Country: Norway
Setting: Departments of Otolaryngology/Head and Neck Surgery
Study design: RCT

Interventions

Intervention 1: Palatal stiffening – regular implants (rigidity 1.0) with Pillar implant system. Three polyethylene terephthalate 
(PET) implants were placed sagittally in the muscular layer of the soft palate entering just below the posterior end of the 
hard palate with the patient under local anaesthesia. The first implant was inserted in the midline, followed by the other two 
approximately 5 mm laterally to the midline on each side
Intervention 2: Palatal stiffening – stiffer implants (rigidity 1.8) with Pillar implant system. Three PET implants were placed in 
the soft palate with the patient under local anaesthesia. The first implant was inserted in the midline, followed by the other 
two approximately 5 mm laterally to the midline on each side
All procedures were performed as a single one-stage procedure. Mean operating time was 7.4 minutes
Concurrent treatment: All patients were given penicillin V 1 mg three times orally for 1 week to prevent infection
Previous treatment(s): NR

Participants

Total n = 20
Number of non-apnoeic snorers included: 20
Tests to exclude OSAS: PSG; details of the test were not reported. Patients with AHI > 5 were excluded from the study
Tests to assess the site of airway narrowing: All patients underwent a clinical examination including fibreoptic 
nasopharyngolaryngoscopy
Inclusion criteria: Age > 18 years; AHI ≤ 5; BMI < 30 kg/m2; palatal length ≥ 25 mm; social snoring due to palatal flutter; tonsil 
hypertrophy < 50% of airway; no significant nasal obstruction; no previous history of pharyngeal surgery; bed partner present
Exclusion criteria: NR
Subgroups: NA

Patient baseline characteristics

Regular implants Stiffer implant

On two different 
days

On each operating day On two different days On each 
operating day

n 5 5 5 5

Age (years), mean (range) 44.1 (29–61)

Male, n (%) 12 (60)

BMI (kg/m2), mean (range) 25.1 (21.4–28.9)

AHI score, mean (range)a 2.27 (0.2–5.3)

ESS score, mean (range) NR

Smokers, n (%) NR

Snoring intensity (VAS), mean 8.1

Outcome measures

Outcome 1: Snoring intensity (partner-assessed VAS). Definition of treatment success: the snoring intensity was evaluated on 
a scale from 0 ‘no snoring’ to 10 ‘an intensity that causes the partner to leave the bedroom’
Outcome 2: Patient satisfaction. Definition of treatment success: ‘patient would recommend treatment’, ‘undecided’ or 
‘patient would not recommend treatment’
Outcome 3: Bed partner satisfaction. Definition of treatment success: ‘bed partner would recommend treatment’, ‘undecided’ 
or ‘bed partner would not recommend treatment’
Covariates: NR
Total length of follow-up: 180 days
Follow-up assessment times: 24 hours, 72 hours, 2 weeks, 30 days, 90 days and 180 days. PSG at 180 days after the treatment
Rate of attrition at each follow-up time: 0 
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Results

Outcome 1: Snoring intensity (VAS)b

Regular implants Stiffer implants (rigid implants) Difference 
between groups

n (in analysis) 10 10

Snoring intensity (VAS), mean 4.7 (preoperative vs 
postoperative: p < 0.01)

6.1 (preoperative vs 
postoperative: p = 0.053)

NR

Outcome 2: Patient satisfaction (the patients and their partners were asked if they would recommend the treatment to a friend or 
family member)

Regular implants Stiffer implants Difference 
between groups

n (in analysis) 10 10

Patients who were satisfied and would recommend 
treatment, n (%)

8 (80) 2 (20) NR

Patients who were undecided, n (%) 2 (20) 6 (60) NR

Patients who would not recommend treatment, n (%) 0 2 (20) NR

Outcome 3: Bed partner satisfaction

Regular implants Stiffer implants Difference 
between groups

n (in analysis) 10 10

Partners who were satisfied and would recommend 
treatment, n (%)

5 (50) 2 (20) NR

Partners who were undecided, n (%) 4 (40) 3 (30) NR

Outcome 4: Implant extrusions

Regular implants Stiffer implants Difference 
between groups

n (in analysis) 10 10

Implant extrusions, n (%) 0 Patients 4 (40), 
extrusions 5 (17)

p < 0.05

Postoperative adverse events: Pain: the postoperative pain reported was mild, often compared with a mild infection of the 
throat that resolved in a couple of days; 11 (55%) patients did not take any pain medication at all; one patient reported tooth 
pain in a molar over a period of 5 days. Extrusions (see above table): four patients reported a total of five partial implant 
extrusions; all extrusions were observed in the group implanted with rigid implants (p < 0.05)
Long-term adverse events: NR
Need for repeat procedure (unscheduled): NR

Authors’ conclusions

Rigid implants cause short time extrusions with loss of treatment effect. Regular implants reduce palatal snoring intensity with 
high patient and bed partner satisfaction

Methodological assessment criteria

1. Study design RCT

2. Were the study eligibility criteria specified? Yes 

3. Was a power calculation performed? No 

4. Is the sample size adequate? Unclear 

5. Is the number randomised stated? Yes 

6. Is the study properly randomised?c Unclear 

7. Is allocation of treatment concealed?d Unclear 

8. Are adequate baseline details presented? Partial for the whole 
group only
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9. Are groups similar at baseline? Unknown 

10. Are any baseline imbalances adequately adjusted for in the analysis? Unclear 

11. Are similar co-interventions administered? Not reported

12. Are patients blinded to treatment allocation? Yes

13. Are outcome assessors blinded? Unclear

14. Is compliance with treatment adequate? Yes 

15. Were any subgroup analyses justified? NA

16. Were data collection tools shown or known to be valid for the outcome of interest?e Yes 

17. Were the data collection tools known or shown to be consistent and accurate in measuring the 
outcome of interest?f

Yes

18. Were all study participants accounted for? Yes

19. Are data analyses appropriate? Yes

20. Is analysis conducted on an intention to treat basis? NA

21. Are greater than 80% of patients included in the follow-up assessment? Yes

22. Are the conclusions supported by the results? Baseline 
heterogeneity 
unknown; small 
group of subjects

23. Generalisability Inclusive eligibility 
criteria

24. Intercentre variability One-centre study

25. General comments –

a AHI score = RDI score.
b Reported by patient’s bed partner using a VAS. The patients and their partners were asked to fill out questionnaires 

at the 24-hour, 72-hour, 2-week, 30-day, 90-day and 180-day follow-up office visits. The questionnaires included 
completion of the VAS describing the intensity of snoring, daytime sleeping, pain and speech and swallowing difficulties. 
The snoring intensity was evaluated on a scale from 0 ‘no snoring’ to 10 ‘an intensity that causes the partner to leave the 
bedroom’.

c Adequate approaches to sequence generation: computer-generated random numbers, random number tables; 
inadequate approaches: use of alternation, case record numbers, birth dates or week days.

d Adequate approaches to concealment allocation: centrally or pharmacy-controlled randomisation; inadequate 
approaches: serially numbered envelopes, use of alternation, open random number lists.

e The tools are known to be valid or were shown to measure what they are intended to measure.
f The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).
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Title: Changes in snoring characteristics after 30 days of nasal continuous positive airway pressure in patients with non-apnoeic 
snoring: a controlled trial
Country: Canada
Setting: Department of Pulmonology
Study design: Two-group parallel pre–post study 

Interventions

Intervention 1: Nasal continuous positive airway pressure (NCPAP). The positive pressure level was increased until snoring 
was abolished and treatment continued for 30 days. The mean effective NCPAP level was 5.3 (SD 0.5) cmH2O (range 
3–8 cmH2O)
Intervention 2: No intervention
Concurrent treatment: NR
Previous treatment(s): No previous treatment undergone; no patients were taking medication at the time of the study. Patients 
were told to avoid alcohol consumption for a minimum of 12 hours before each recording session

Participants

Total n = 18 (NCPAP, n = 9; no intervention, n = 9)
If this study includes a mixed patient population, number of non-apnoeic snorers included: NA
Tests to exclude OSAS (including test details): Overnight PSG with snoring measurement, including determination of sleep 
stages (electroencephalogram C4A1, C3A2; electro-oculogram; submental electromyogram), nasal and mouth airflow with 
thermocouples, SaO2, electrocardiogram and thoracoabdominal movements by respiratory inductive plethysmography. The 
snoring sound pressure level (SPL) was displayed continuously. Sleep position was determined by visual monitor using an 
infrared camera. An arousal was defined as the simultaneous transition to a lighter sleep stage with eye movements and an 
increase in electromyographic activity of less than 15 seconds. Snoring was defined as a spike in breathing sound intensity 
greater than 60 dB SPL. For each recording a computer interpretation of the sound recording gave the snoring index (number 
of snoring episodes/hour of sleep), the total sleep time (TST) spent at the different SPL values in 3-dB steps above 60 dB 
(60–72 dB SPL), and the mean snoring level
Tests to assess the site of airway narrowing: NR
Inclusion criteria: History of regular snoring; free from upper airway infection throughout the study; PSG study to exclude 
OSAS
Exclusion criteria: NR
Subgroups: NA

Patient baseline characteristics

NCPAP No treatment

n 18 

Age (years), range 25–64

Male, n (%) 16 (88.9) 

BMI (kg/m2), mean ± SD 29.1 ± 4.24

Smokers, n (%) 4 (22.2) 

Total sleep time (hours), mean ± SD 5.7 ± 0.9 6.2 ± 0.6

Stages I–II (% total sleep time), mean ± SD 71.9 ± 3.6 72.0 ± 4.5

Stages III–IV (% total sleep time), mean ± SD 13.8 ± 2.7 15.0 ± 4.8

Stages REM (% total sleep time), mean ± SD 14.2 ± 1.5 13.0 ± 2.7

AHI (events/hour), mean ± SD 2.9 ± 3.9 4.5 ± 3.9

Arousal index (events/hour), mean ± SD 9.7 ± 3.9 8.6 ± 4.8

Supine (% total sleep time), mean ± SD 40.1 ± 31.2 49.0 ± 27.0

Snoring index (events/hour), mean ± SD 387 ± 150 380 ± 108

% TST > 60 dB SPL, mean ± SD 10.3 ± 5.4 11.1 ± 6.0%

Mean snoring level (dB SPL), mean ± SD 66.4 ± 0.9 65.6 ± 0.9
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Outcome measures

Outcome 1: TST. Definition of treatment success: NR
Outcome 2: Stages I–II (% TST). Definition of treatment success: NR
Outcome 3: Stages III–IV (% TST). Other outcome measures: NR
Outcome 4: Stages REM (% TST). Definition of treatment success: NR
Outcome 5: AHI (events/hour). Definition of treatment success: NR
Outcome 6: Arousal index (events/hour). Definition of treatment success: NR
Outcome 7: Supine (% TST). Definition of treatment success: NR
Outcome 8: Snoring index (events/hour). Definition of treatment success: NR
Outcome 9:% TST > 60 dB SPL. Definition of treatment success: NR
Outcome 10: Mean snoring level (dB SPL)
Covariates: To determine whether the results could be explained by differences in body position between sleep studies the 
relation between snoring characteristics (snoring index, % TST > 60 dB SPL, mean snoring level) and the % TST supine were 
explored (no correlation between these variables at baseline and at the follow-up visits was found)
Total length of follow-up: 38–40 days
Follow-up assessment times: 30 days; subgroup (n = 6) also at 38–40 days
Rate of attrition at each follow-up time: Three patients withdrew in the NCPAP group after a few days of treatment because 
of discomfort. They were replaced by patients with a similar snoring index
Methods of statistical analysis: Baseline results of the two groups were compared using the unpaired t-test. In the control 
group baseline and follow-up results were compared with a paired t-test. The results obtained at the different follow-up visits 
in the NCPAP group were compared with baseline values by multivariate analysis of variance followed by Tukey’s test for 
multiple comparison for each variable. The individual values of the percentage TST spent at the different noise levels were 
dependent; the significance threshold was determined according to the Bonferroni criteria (p < 0.01)

Results

Outcome 1: TST (intervention 1 and 2 results all insignificant compared with baseline)

Intervention 1 (on 
NCPAP) 

Intervention 1 (first 
night post NCPAP) 

Intervention 1 (8 
days post NCPAP) 

Intervention 
2 (no 
intervention)

Difference 
between 
groups

n (in analysis) 9 9 6 9

TST, mean ± SD 5.7 ± 0.9; p = NS 6.0 ± 0.3; p = NS 6.1 ± 1.5; p = NS 6.3 ± 0.9; 
p = NS

NR

Outcome 2: Stages I–II (% TST) (intervention 1 and 2 results all insignificant compared with baseline)

Intervention 1 
(NCPAP) 

Intervention 1 (first 
night post NCPAP)

Intervention 1 (8 
days post NCPAP)

Intervention 
2 (no 
intervention)

Difference 
between 
groups

n (in analysis) 9 9 6 9

Stages I–II (% TST), 
mean ± SD

71.1 ± 3.6; p = NS 72.3 ± 4.2; p = NS 72.1 ± 3.0; p = NS 71.9 ± 3.6; 
p = NS

NR

Outcome 3: Stages III–IV (% TST) (intervention 1 and 2 results all insignificant compared with baseline)

Intervention 1 
(NCPAP) 

Intervention 1 (first 
night post NCPAP)

Intervention 1 (8 
days post NCPAP)

Intervention 
2 (no 
intervention)

Difference 
between 
groups

n (in analysis) 9 9 6 9

Stages III–IV (% TST), 
mean ± SD

14.6 ± 2.7; p = NS 13.0 ± 3.3; p = NS 13.7 ± 2.1; p = NS 14.4 ± 2.4 NR

Outcome 4: Stages REM (% TST) (intervention 1 and 2 results all insignificant compared with baseline)

Intervention 1 
(NCPAP) 

Intervention 1 (first 
night post NCPAP)

Intervention 1 (8 
days post NCPAP)

Intervention 
2 (no 
intervention)

Difference 
between 
groups

n (in analysis) 9 9 6 9
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Stages REM (% TST), 
mean ± SD

14.3 ± 3.0; 
p = NS)

14.6 ± 2.7; p = NS 14.2 ± 3.0; p = NS 13.7 ± 3.3; 
p = NS 

NR

Outcome 5: AHI (intervention 1 and 2 results all insignificant compared with baseline)

Intervention 1 
(NCPAP) 

Intervention 1 (first 
night post NCPAP)

Intervention 1 (8 
days post NCPAP)

Intervention 
2 (no 
intervention)

Difference 
between 
groups

n (in analysis) 9 9 6 9

AHI (events/hour), 
mean ± SD 

0.2 ± 0.6 1.0 ± 1.5; p = NS 1.1 ± 1.5; p = NS 5.1 ± 3.6 NR

Outcome 6: Arousal index (intervention 1 and 2 results all insignificant compared with baseline)

Intervention 1 
(NCPAP) 

Intervention 1 (first 
night post NCPAP)

Intervention 1 (8 
days post NCPAP)

Intervention 
2 (no 
intervention)

Difference 
between 
groups

n (in analysis) 9 9 6 9

Arousal index (events/
hour), mean ± SD

3.7 ± 2.40; p = NS 8.2 ± 4.2; p = NS 6.9 ± 4.8; p = NS 9.9 ± 5.1 NR

Outcome 7: Supine (% TST) (intervention 1 and 2 results all insignificant compared with baseline)

Intervention 1 
(NCPAP) 

Intervention 1 (first 
night post NCPAP)

Intervention 1 (8 
days post NCPAP)

Intervention 
2 (no 
intervention)

Difference 
between 
groups

n (in analysis) 9 9 6 9

Supine (% TST), 
mean ± SD

21.0 ± 15.0 29.2 ± 20.1; p = NS 16.0 ± 14.4 42.3 ± 20.4 NR

Outcome 8: Snoring index

Intervention 1 
(NCPAP) 

Intervention 1 (first 
night post NCPAP)

Intervention 1 (8 
days post NCPAP)

Intervention 
2 (no 
intervention)

Difference 
between 
groups

n (in analysis) 9 9 6 9

Snoring Index (events/
hour), mean ± SD

15.1 ± 7.5; 
p = significant 

320 ± 171; p = NS 374 ± 181.3; 
p = NS 

388 ± 201; 
p = NS

NR

Outcome 9: % TST > 60 dB SPL

Intervention 1 
(NCPAP) 

Intervention 1 (first 
night post NCPAP)

Intervention 1 (8 
days post NCPAP)

Intervention 
2 (no 
intervention)

Difference 
between 
groups

n (in analysis) 9 9 6 9

% TST > 60 dB SPL, 
mean ± SD 

– 7.4 ± 1.5; p = 0.02a 9.8 ± 2.1; p = NS 10.5 ± 2.3; 
p = NS 

NR

Outcome 10: Mean snoring sound pressure level (dB)

Intervention 1 
(NCPAP) 

Intervention 1 (first 
night post NCPAP)

Intervention 1 (8 
days post NCPAP)

Intervention 
2 (no 
intervention)

Differences 
between 
groups

n (in analysis) 9 9 6 9

Mean snoring sound 
pressure level (dB), 
mean ± SD

– 65.0 ± 0.9; 
p = significant

65.7 ± 0.98; p = NS 65.1 ± 1.5; 
p = NS

Postoperative adverse events: Three patients withdrew from the NCPAP arm because of discomfort
Long-term adverse events: NR
Need for repeat procedure (unscheduled): NA

Authors’ conclusions

NCPAP improves snoring but this effect is lost soon after stopping treatment
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Reviewer’s comments

It is stated that the study is a controlled trial with random allocation but no between-group comparisons are made. Study 
design therefore appears to be a two-group parallel pre–post study. Limited study inclusion criteria are reported and only 
partial participant baseline characteristics are reported. It is therefore unclear how representative the study sample are of 
patients presenting with primary snoring that would be considered for treatment with CPAP. Three patients out of nine in 
the CPAP group withdrew because of treatment discomfort and were replaced. It is not clear whether the reported baseline 
characteristics for participants are from the original sample or from the sample that included the replacement participants. 
Multiple testing was corrected using Bonferroni criteria. Authors’ conclusions appear to be reasonable; however, it seems that 
snoring is only minimalised with use of CPAP and returns with CPAP withdrawal, although it does not immediately return to 
baseline levels

Methodological assessment criteria

1. Study design Two-group parallel pre–post

2. Were the study eligibility criteria specified? Partial 

3. Was a power calculation performed? No

4. Is the sample size adequate? No

5. Is the number randomised stated? Yes

6. Is the study properly randomised?b No

7. Is allocation of treatment concealed?c No

8. Are adequate baseline details presented? Partial 

9. Are groups similar at baseline? Partial 

10. Are any baseline imbalances adequately adjusted for in the analysis? Not applicable (within-group 
comparisons only) 

11. Are similar co-interventions administered? Unclear

12. Are patients blinded to treatment allocation? No

13. Are outcome assessors blinded? No 

14. Is compliance with treatment adequate? Unclear

15. Were any subgroup analyses justified? Not applicable 

16. Were data collection tools shown or known to be valid for the outcome of 
interest?d 

Yes

17. Were the data collection tools known or shown to be consistent and accurate in 
measuring the outcome of interest?e

Unclear 

18. Were all study participants accounted for? No

19. Are data analyses appropriate? Yes

20. Is analysis conducted on an intention to treat basis? Yes

21. Are greater than 80% of patients included in the follow-up assessment? Yes

22. Are the conclusions supported by the results? Yes 

23. Generalisability Only limited inclusion criteria and 
baseline characteristics reported 
–difficult to accurately assess how 
representative the patient group is 
of those considered eligible for a 
trial of CPAP

24. Intercentre variability One-centre study 

25. General comments –

a Observed for sound pressure levels up to 69 dB.
b Adequate approaches to sequence generation: computer-generated random numbers, random number tables; inadequate 

approaches: use of alternation, case record numbers, birth dates or week days.
c Adequate approaches to concealment allocation: centrally or pharmacy-controlled randomisation; inadequate approaches: 

serially numbered envelopes, use of alternation, open random number lists.
d The tools are known to be valid or were shown to measure what they are intended to measure.
e The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).
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Studies on the use of a mandibular advancement splint 

Fransson 2001;110 2003111

Titles: (1) Treatment of snoring and obstructive sleep apnea with a mandibular protruding device: an open-label study; (2) 
Effects of a mandibular protruding device on the sleep of patients with obstructive sleep apnea and snoring problems: a 2-year 
follow-up
Country: Sweden
Setting: Department of Stomatognathic Physiology, Postgraduate Dental Education Centre
Study design: Pre–post

Interventions

Intervention: A monobloc mandibular advancement splint (MAS) (fabricated in heat-cured methylmetacrylate as two separate 
splints, which were glued together in a position indicated by an initial wax mould). An attempt was made to advance the 
mandible 75% of the maximal protrusion range or a minimum of 5 mm. The MAS covered the occlusal surfaces of the canines, 
premolars and molars and left the edges of the upper incisors free
Concurrent treatment: NR
Previous treatment(s): A total of 13 patients had undergone previous surgical procedures [UP3, laser uvulopalatoplasty (LUPP) 
or nasal surgery], 12 had been treated with NCPAP, 6 had lost weight and 30 had previously tried ‘other treatments like 
sewing a tennis ball on the back of pyjamas’ or a nasal dilator

Participants

Total n at 2-year follow-up: 77 patients (27 non-apnoeic snorers and 50 patients with OSAS); in total, 65 were included in the 
analysis (21 non-apnoeic snorers and 44 patients with OSAS); 13 non-apnoeic snorers were included in the earlier 6-month 
follow-up study
If this study includes a mixed patient population, number of non-apnoeic snorers included: n = 13 at 6-month follow-up and 
n = 27 at 2-year follow-up
Tests to exclude OSAS: All patients underwent a one-night limited somnographic examination comprising recordings of pulse 
rate, arterial blood oxygen saturation (SaO2), respiratory movements, intensity and duration of snoring, and body position. 
Pulse rate and SaO2 were monitored continuously by a pulse oximeter ear probe (Pulsoxy Ohmeda Biox 3740; BOC Ohmeda, 
Göteborg, Sweden). Respiratory movements were registered using a mattress (Duorec PVDF mattress; C-A Tegner, Bromma, 
Sweden) that was placed under the bottom sheet in a conventional bed. A digital sound survey meter (Microphone CEL-231; 
Lucas CEL Instruments, Troy, MI) with a recording range of 30–135 dB recorded the snoring. The microphone was placed 
50 cm above the patient’s head when in the prone position. The body position (side or supine) was registered with a body 
position amplifier (Vitalogs Respiration and Body Position Amplifier, Scan-Med A/S, Drammen, Norway). The same medical 
sleep specialist analysed all individual data in detail through all hours of sleep
Tests to assess the site of airway narrowing: Fibreoptic pharyngoscopic examination including Muller’s manoeuvre. The degree 
of hypopharyngeal collapse was estimated subjectively and relative to the entire hypopharyngeal cross-sectional area as more 
or less than 50%. A subjective estimate on the presence or absence of tongue base hyperplasia was also made by visual 
inspection of the mouth
Inclusion criteria: Complaints of snoring and/or a diagnosis of OSAS; sufficient teeth to enable the retention of the MAS
Exclusion criteria: Maximal protrusion ability < 6 mm; indications for bi-level positive airway pressure (BIPAP) or tracheotomy; 
periodontally compromised dentition
Subgroups: non-apnoeic snorers and OSAS

Patient baseline characteristics

n 27 (total number of non-apnoeic snorers)

Age, mean (range)a 52 (37–70)

Male, n (%)a 14/21 (66.67)

BMI (kg/m2), mean (range)a 28 (range 23–35) 

Neck size (cm), mean (range)a 39.9 (range 34–46)

ODI score, mean (range) 1.3 (0 – 3.8)

SaO2 nadir (%), mean (range) 91.5 (82.5–97.5) 

Snoring sound (dB) 63.5 (no range or SD reported) 

Smokers, n (%) NR
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Outcome measures

The outcomes assessed for the overall patient population were: (1) degree of complaints of snoring and/or apnoea; (2) 
experience of MAS as a foreign object in the mouth; (3) assessment of treatment effect of MAS on snoring and/or apnoea; (4) 
awareness of loud and disruptive snoring; (5) night-time awakening; (6) excessive daytime sleepiness; (7) compliance
Only results for the snoring sound score (6-month follow-up), ODI and SaO2 nadir (2-year follow-up) were reported 
separately for the non-apnoeic snorer subgroup
Outcome 1: ODI (2-year follow-up results). Definition of treatment success: NR.
Outcome 2: SaO2 nadir (2-year follow-up results). Definition of treatment success: NR
Outcome 3: Snoring sound score (6-month follow-up results). Definition of treatment success: NR
Covariates: NR
Total length of follow-up: Follow-up was conducted at 6 months (snoring sound score) and 2 years
Follow-up assessment times: 6 months and 2 years
Rate of attrition at each follow-up time: Overall attrition at 2-year follow-up: 12 (six non-apnoeic snorers and six patients with 
OSAS); four patients had received CPAP, two had undergone surgery, three were lost to follow-up, one lost 35 kg in weight 
and two withdrew because of device intolerance
Methods of statistical analysis: Two-tailed paired t-test with the null hypothesis of no difference between baseline (without 
MAS) and follow-up (with MAS) was performed on continuous measures; the McNemar test was used for dichotomous and 
dichotomised discrete variables; the Wilcoxon signed rank test was used to evaluate the long-term effects of the questionnaire 
outcome with and without MAS

Results

Outcomes 1 and 2: ODI and SaO2 (2-year follow-up)

n (in analysis) 27

ODI, mean (range) 0.8 (0–7)

SaO2 nadir (%), mean (range) 92.6 (90.4–96.0) 

Outcome 3: Snoring sound score (6-month follow-up) 

n (in analysis) 13

Snoring sound score (dB), mean 57.5 (no range or SD reported)

Short-term adverse events: NR
Long-term adverse events: NR
Need for repeat procedure (unscheduled): NA

Authors’ conclusions

MAS treatment is associated with a significant reduction in subjective complaints such as disturbing snoring, apnoeas, daytime 
tiredness and poor quality of night sleep. In addition, favourable 6-month results were unchanged after 2 years

Reviewer’s comments

Only very limited baseline details are reported for the non-apnoeic snoring subgroup. Likewise, only the outcomes of ODI, 
SaO2 nadir and snoring sound score are reported by subgroup. The study uses both objective and subjective outcome 
measures

Methodological assessment criteria

1. Study design Pre–post

2. Were the study eligibility criteria specified? Yes

3. Are adequate baseline details presented? Partial 

4. Are any co-interventions clearly stated? Unclear 

5. Is compliance with treatment adequate? Partial 

6. Were any subgroup analyses justified? Yes

7. Were data collection tools shown or known to be valid for the outcome of 
interest?b

Partial 

continued
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8. Were the data collection tools known or shown to be consistent and accurate in 
measuring the outcome of interest?c

Unclear 

9. Were all study participants accounted for? Yes

10. Are greater than 80% of patients included in the follow-up assessment? Yes

11. Are data analyses appropriate? Yes

12. Are the conclusions supported by the results? Partly, but appear to be overly 
optimistic about the treatment 
effect in all patients. Only two-
thirds of patients were treatment 
responders. BMI is higher in 
treatment non-responder group

13. Generalisability Only limited baseline details are 
reported on the non-apnoeic 
snoring subgroup. Not possible to 
assess the generalisability of this 
patient group

14. Intercentre variability NA

15. General comments –

a Reported separately at baseline for the 21 non-apnoeic snorers who were included in the analysis.
b The tools are known to be valid or were shown to measure what they are intended to measure.
c The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).
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Title: Non-apneic snoring and the orthodontist: the effectiveness of mandibular advancement splints
Country: UK
Setting: Orthodontic Department
Study design: Pre–post

Interventions

Intervention: Adjustable Herbst mandibular advancement splint (MAS). The appliance was designed to advance the mandible 
by the maximum comfortable amount of protrusion possible, with minimum vertical opening. An advancement of at least 
5 mm was attempted
Concurrent treatment: NA
Previous treatment(s): NR

Participants

Total n = 35 (11 were included in the pre and post overnight domiciliary sleep recordings)
If this study includes a mixed patient population, number of non-apnoeic snorers included: NA
Tests to exclude OSAS: Snoring noise levels, O2 saturation and pulse rate were recorded utilising a microphone connected 
to a noise level meter and a pulse oximeter (Ohmeda Biox 3740, Datex-Ohmeda, Hatfield, UK). The microphone, which 
recorded respiratory sound levels, was placed at the same vertical height and approximately 50 cm from the subject’s head. 
Participants were required to secure the pulse oximeter finger probe to their index finger, switch the microphone on and 
start the computer. An analogue to digital converter (ADC PL4.02) was used to transfer the data to a laptop computer, where 
up to 8 hours of sound profile and O2 saturation data were synchronised and stored using a specialist software program. 
Participants were asked to abstain from alcohol on the evenings of the recordings. Respiratory noise levels were assessed at 
the 95th and 5th percentile levels. The L5 level is the sound pressure level exceeded 5% of the time in the test period and 
represents the highest noise level. The L95 level is the noise level exceeded 95% of the time in the test period and represents 
background noise. These distinctions allow snoring sounds to be distinguished from background noise levels. The percentage 
mean and minimum O2 saturation levels, as well as 4% drops in the overnight O2 saturation, were calculated for each patient. 
A graphical display on the computer allowed visual assessment of the whole night and identification of artefactual sounds that 
were unrelated to other variables
Tests to assess the site of airway narrowing: NR
Inclusion criteria: Dentate adults; non-apnoeic snoring (confirmed by PSG)
Exclusion criteria: NR
Subgroups: NA

Patient baseline characteristics

n 35

Age (years), mean (range) 44 (28–61)

Male, n (%) 20 (57)

BMI (kg/m2), mean ± SD Males: 28.4 ± 2.8; females: 26.8 ± 5.3 

ESS score, mean ± SD 9.4 ± 5.0

Smokers, n (%) NR

Median oximetry and sound level results 

n 11

Age (years), median 41.5

BMI (kg/m2), mean 27.5

Mean O2 saturation level (%), median (range) 95 (93–97)

Minimum O2 saturation level (%), median (range) 89 (86–94)

O2 dips > 4%/hour, median (range) 2.8 (0.0–129.5)

L5 snoring (mV), median (range) 449 (53–1212) 

L95 background (mV), median (range) 61 (0–322) 

L5–L95 (mV), median (range) 240 (51–1015) 

continued
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Outcome measures

Outcome 1: ESS score. Measured on a range of 0–24. Definition of treatment success: NR
Outcome 2: Short-term side effects associated with MAS wear (2–3 days). Side effects assessed were: (1) discomfort in the 
facial muscles; (2) discomfort in the jaw joint; (3) abnormal bite on awakening; (4) dry mouth during the night; (5) excessive 
night-time salivation. Definition of treatment success: NR
Outcome 3: Longer-term side effects associated with MAS wear. Side effects assessed were: (1) discomfort in the facial 
muscles; (2) discomfort in the jaw joint; (3) abnormal bite on awakening; (4) dry mouth during the night; (5) excessive night-
time salivation. Definition of treatment success: NR
Outcome 4: Snoring noise levels (L5). Definition of treatment success: NR
Outcome 5: Mean O2 saturation level (%). Definition of treatment success: NR
Outcome 6: Minimum O2 saturation level (%). Definition of treatment success: NR
Outcome 7: O2 dips > 4%/hour. Definition of treatment success: NR
Outcome 8: L5–L95 (mV). Definition of treatment success: NR
Covariates: NA
Total length of follow-up: 1 month
Follow-up assessment times: Only one follow-up assessment at 1 month
Rate of attrition at each follow-up time: n = 6 for questionnaire survey; n = 0 for sleep study
Methods of statistical analysis: Statistical evaluation was performed using the Wilcoxon matched-pairs signed rank test for 
differences in ESS scores, noise levels and O2 saturation; the McNemar test was used to identify differences in side effects in 
the short and longer term

Results

Outcome 1: ESS score

n (in analysis) 29

ESS score, mean ± SD 6.9 ± 4.8; p < 0.001

Outcome 2: Short-term side effects associated with MAS wear (2–3 days) 

n (in analysis) 29

Muscular discomfort, n (%) 20 (69)

Temporomandibular joint (TMJ) discomfort, n (%) 22 (76)

Wakes with abnormal bite, n (%) 11 (40)

Dry mouth, n (%) 8 (28)

Excessive salivation, n (%) 6 (21) 

Outcome 3: Long-term side effects associated with MAS wear (1 month) (p-values are compared with short-term side effects) 

n (in analysis) 29

Muscular discomfort, n (%) 5 (17); p < 0.001 

TMJ discomfort, n (%) 8 (28); p < 0.001

Wakes with abnormal bite, n (%) 8 (28); p = NS

Dry mouth, n (%) 5 (17); p = NS 

Excessive salivation, n (%) 1 (3); p = NS 

Outcomes 4–8

n (in analysis) 11

Snoring noise levels (L5), median (range) 161 (9–442); p < 0.05

Median O2 saturation level (%), median (range) 95 (93–96); p = NS

Minimum O2 saturation level (%), median (range) 90 (86–94); p = NS

O2 dips > 4%/hour, median (range) 1.7 (0.0–37.8); p = NS

L5–L95 (mV), median (range) 75 (9–417); p < 0.01

Subjective compliance rates at 1 month: 26/29 patients were still using the appliance; three patients were unhappy wearing 
the Herbst splint because of appliance aesthetics (n = 2) and TMJ problems (n = 1)
Need for repeat procedure (unscheduled): NA
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Authors’ conclusions

The use of a MAS significantly improves snoring incidence and sleep quality in the majority of patients with non-apnoeic 
snoring. Additionally, the initial side effects of muscular and TMJ discomfort are mostly resolved after 1 month of appliance 
wear

Methodological assessment criteria

1. Study design Pre–post

2. Were the study eligibility criteria specified? Partial

3. Are adequate baseline details presented? Partial 

4. Are any co-interventions clearly stated? Not applicable 

5. Is compliance with treatment adequate? Partial 

6. Were any subgroup analyses justified? NA

7. Were data collection tools shown or known to be valid for the outcome of 
interest?a

Partial 

8. Were the data collection tools known or shown to be consistent and accurate in 
measuring the outcome of interest?b

Partial 

9. Were all study participants accounted for? No

10. Are greater than 80% of patients included in the follow-up assessment? Yes

11. Are data analyses appropriate? Yes

12. Are the conclusions supported by the results? Yes 

13. Generalisability Only limited baseline information on 
participants is presented; however, 
male–female ratio and BMI indicative 
of being overweight would appear 
representative of non-apnoeic 
snorers in general. Treatment of 
choice was MAS rather than palatal 
surgery. No baseline information 
on smoking status or alcohol 
consumption presented

14. Intercentre variability NA

15. General comments –

a The tools are known to be valid or were shown to measure what they are intended to measure.
b The tools are known to be reliable or were shown to be consistent and accurate in measuring the outcome of interest 

(e.g. test–retest, Cronbach’s alpha, inter-rater reliability).
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