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Oral appliance influence on jaw function
in obstructive sleep apnea
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Introduction:Oral appliance (OA) therapy in obstructive sleep apnea (OSA) could be a risk factor for normal jaw
function, given the prolonged effect of an OA in keeping the mandible in a protruded position away from a normal
position. This study aimed to assess changes in symptoms and clinical findings related to jaw function after 1
year of treating OSA with an OA. Methods: In this follow-up clinical trial, 302 patients with OSA were
assigned to treatment with either monobloc or bibloc OA. Baseline and 1-year follow-up assessment included
using the Jaw Functional Limitation Scale, self-reported symptoms and signs related to jaw function. The
clinical examination of jaw function included mandibular mobility, dental occlusion, and tenderness in the
temporomandibular joints and masticatory muscles. Descriptive analyses of variables are presented for the
per-protocol population. To evaluate differences between the baseline and the 1-year follow-up, paired
Student t tests and the McNemar change test was used. Results: One-hundred and ninety-two patients
completed the 1-year follow-up (male 73%, mean aged 55 6 11 years). There was no change in the Jaw
Functional Limitation Scale score at the follow-up (nonsignificant). The patients described no change in
symptoms at the follow-up, except for improvements in morning headache (P \0.001) and increased
frequency of difficulties in opening the mouth or chewing on awakening (P 5 0.002). Subjectively reported
changes in dental occlusion during biting/chewing increased significantly at the follow-up (P 5 0.009).
Conclusions:No changes in measurements of jawmobility, dental occlusion, or pain on palpation of the tempo-
romandibular joints or masticatory muscles were seen at the follow-up. Thus, using an OA in treating OSA had
limited influence on jaw functions and related symptoms. Moreover, the risk of developing pain and functional
impairment in the masticatory system was infrequent, indicating that this treatment is safe and can be
recommended. (Am J Orthod Dentofacial Orthop 2023;164:682-9)
Oral appliance (OA) therapy is recommended in
treating obstructive sleep apnea (OSA), especially
in mild-to-moderate forms, in which positive

treatment outcomes have been reported by the American
Academy of Sleep Medicine1 as an alternative treatment
option to the frequently used continued positive airway
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pressure, continuous positive airway pressure. The OA
holds the lower jaw in a protruded position, thereby pre-
venting the upper airway collapse at sleep and facili-
tating continuous respiration. However, this position
might affect normal jaw functions such as mastication,
jaw mobility and dental occlusion because of the forces
applied by the OA to these structures.2 The long-term
use of an OA and the associated skeletal and dentoalveo-
lar changes in tooth position over time3-5 are well
documented and seem to increase with time in use.6,7

Short-term adverse effects are reported uncommon
among typical OA patients,8 but when it appears, com-
plaints about the teeth, occlusal changes, and pain in
temporomandibular joints and jaw muscles9 are usually
mild and transient.10-13 The specific instrument Jaw
Functional Limitation Scale (JFLS) was developed to
receive a global assessment of jaw function.14 The in-
strument was developed using item response theory
and rash analysis, and the scale has satisfactory reliability
and validity. The JFLS has 3-dimensions: mastication,
jaw mobility, and emotional and verbal expression.
There are 2 versions the 20-item JFLS and the shorter
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8-item JFLS. This study uses the short version. Subjec-
tive symptoms, clinical signs, and consequences in daily
activities of jaw function, such as eating and chewing,
have rarely been reported from a medium- or long-
term perspective. Therefore, we aimed to evaluate
changes in symptoms and clinical findings related to
jaw function after 1 year of treatment of OSA using OAs.
METHODS

This analysis is based on a multicentre, randomized
equivalence study on patients with verified OSA with 2
parallel groups treated with 1 type of bibloc or monobloc
appliance over 1 year.15 The treatment effects in
improving respiratory impairments in terms of apnea-
hypopnea index were equivalent to the used types of ap-
pliances.15 A prestudy on jaw function symptoms and
clinical findings disclosed no significant differences be-
tween the monobloc and bibloc cohorts. As efficacy and
all reported symptoms and clinical findings in jaw func-
tion were nonsignificant (NS) between the 2 types of
treatment modalities, the analyses of this study will
hereafter include results of the 2 appliances altogether.
The results of the prestudy are presented in an added
Supplementary Material and Supplementary Tables I-IV.

The study protocol was performed in accordance with
the ethical principles regarding human experimentation
in the 1964 Declaration of Helsinki and good clinical
practice. Oral and written informed consent was ob-
tained from all patients before inclusion. The Uppsala
Regional Ethical Review Board, Sweden, approved the
study: 2014 (no. 2014/021). The trial registration code
in ClinicalTrials.gov is NCT02148510.

This study comprised evaluations from baseline to
the 1-year follow-up, including questionnaires, clinical
variables, and polygraphic home recordings of sleep
parameters earlier reported in Tegelberg et al.15 All
participants underwent 1-night at-home respiratory
baseline polygraphy without any respiratory support.
At the 1-year follow-up visit, polygraphy was repeated
with the appliance in situ. Interpretation of the poly-
graph recordings was made by 2 experienced biomedical
technicians at the V€astmanland County Hospital Physi-
ology Unit, who were blinded to the type of OA used.
The methods have been presented in detail by Isacsson
et al9 and Tegelberg et al.15 The full study protocol is
available at http://www.medfarm.uu.se/ckfvasteras/
forskning/studieprotokoll.

All participating dentists were certified or experi-
enced in dental sleep medicine. Before the start of the
study, 1 calibration and training event was performed.
The patients visited the 3 participating dental specialist
clinics on 5 scheduled occasions: (1) baseline visit, (2)
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initial visit when the appliance was fitted, (3) between
check-up visit before the 8-week evaluation, (4)
8-week evaluation visit, and (5) final evaluation visit af-
ter 1 year of treatment with an OA. Monitoring and data
management were performed by 2 independent persons
(G.I.).

All patients had an established diagnosis of OSA and
were referred to the study clinics by physicians request-
ing treatment. Patients were eligible if they had a mini-
mum apnea-hypopnea index of 15 according to the
referral, an oral status allowing retention of an OA and
at least 1 molar in each jaw quadrant, and a mandibular
maximum advancement capacity of $6 mm. They
needed to provide informed consent, could understand,
and communicate in Swedish, understood the instruc-
tions for applying the portable polygraphic equipment
at home and were able to provide valid baseline polygra-
phy. Exclusion criteria were as follows: aged\18 years,
body mass index .35 kg/m2, jaw functional problems
subjected to dental treatment over the past year, pain
or locking of the jaw at the baseline evaluation, hyper-
sensitivity to the materials used in the OA, actual OA
treatment in the past month, or unable to follow the in-
structions of the study. In the Figure, a flowchart of the
study is visualized.

The OAs providing mandibular advancement were the
Narval bibloc appliance manufactured by ResMed (Kista,
Sweden) and the other was monobloc appliance: a
1-piece heat-cured acrylic structure retained by clasps
on the teeth, manufactured by Boxholm Tandteknik, Swe-
den and the Public Dental Service of €Orebro, Sweden. A
construction index was made for a predetermined position
of 75% of the maximum mandibular protrusion capacity
(at least 5 mm advancement). When commencing the
OA treatment, the subject was encouraged to use the OA
every night and during a full night’s sleep.

The questionnaires included items about pain and
other symptoms as yes/no alternatives related to jaw
function, changes in occlusal comfort, reported head-
aches and frequency, and awareness of bruxism the
last month during the day or night. The JFLS-8, a vali-
dated instrument that contains 8 questions, was used.
A summary score of the JFLS-8 items was used to assess
global jaw function.14,16

The JFLS is a self-report instrument measuring jaw
function limitations. The JFLS is a reliable and valid set
of scales comprising 20 items. Each item indicates the
limitation level during the past month with response op-
tions 0 (no limitation) and 10 (severe limitation). The
patient can receive a total score of 0-200. Three concep-
tually distinct constructs are identified: (1) mastication,
which comprises all movements related to preparing
food for swallowing; (2) vertical jaw mobility, which
ics November 2023 � Vol 164 � Issue 5
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314 enrolled

12 excluded – invalid baseline
polygraphy

262 completed evaluation visit at 8 weeks

40 withdrawn
10 appliance could not be fitted
4 adverse event mouth/jaws
4 adverse event other than mouth/jaws
5 appliance not tolerable
5 invalid follow-up polygraphy
12 other

302 assigned to treatment with OA 

70 withdrawn
1 Pain from jaw/mouth/teeth
4 Health incident other than pain

jaw/mouth/teeth 
2 Patient experienced no effect
5 Technical reason
7 Appliance not tolerated
36 Appliance non-effective and CPAP

prescribed
1 Appliance uncomfortable and CPAP

prescribed
14 Other

192 completed 1-year study end visit

Fig. Study flowchart.
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includes all movements associated with opening the jaw;
and (3) verbal and emotional expression. The JFLS-8
score measures a fourth construct, global functional
November 2023 � Vol 164 � Issue 5 American
jaw limitation. Each scale can be administered indepen-
dently. This study used the global jaw limitation scale,
which includes 8 of the 20 items: Chew tough food,
Journal of Orthodontics and Dentofacial Orthopedics



Table I. Patient demographics and baseline character-
istics of the per-protocol populations

Demographics and characteristics n 5 192
Male gender 141 (73)
Age (y) 55 (11)
Weight (kg) 86 (13)
BMI 28 (3)
Respiratory variables
AI (events/h) 12 6 10
Longest apnea incident (s) 43 6 20y

AHI (events/h) 24 6 13
ODI (events/h) 23 6 13
Lowest SpO2, % 82 6 5
Average SpO2, % 93 6 2
SpO2 time\ 90%; % of sleep time 8 6 15
Estimated sleep efficiency (%) 90 6 12

OSA severity, categorized by AHI
Mild (AHI\15) 54 (28)
Moderate (AHI 15-29) 81 (42)
Severe (AHI $30) 57 (30)

Note. Data are shown as n (%) or mean 6 standard deviation.
BMI, body mass index; AI, apnea index; AHI, apnea-hypopnea in-
dex; ODI, oxygen desaturation index; SpO2, oxygen desaturation
level.
yn 5 190.
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chew chicken, eat soft food, open wide enough to drink
from a cup, swallow, yawn, talk, and smile. A score
ranging from 0 to 80 for each individual was received.

The clinical status was examined at baseline and the
1-year follow-up and included pain on digital palpation
of the temporomandibular joints (TMJs), temporalis, and
masseter muscles. Occurrences of estimated impaired
condylar translation and pain in the TMJ during move-
ments were noted as yes/no alternatives. Mandibular
mobility (ie, maximum protrusion and maximal opening
[including overbite and overjet]) was measured millime-
ters with a ruler. The patient was asked to bite in the in-
tercuspal position with a mild force, and the occlusal
contacts were recorded using an occlusal foil. Normal
occlusal support was registered if the molar teeth firmly
grip the foil. Any mandibular shift in a lateral direction in
the movement from intercuspidal to maximal protrusion
position was recorded. Any slide from the central relation
of the mandible to the central occlusion of the mandible
was observed.

No specified primary measure was chosen in this
analysis, but of interest and exploration were the total
JFLS-8 index and the multiple outcomes based on re-
ported symptoms and clinical parameters focusing on
jaw function when comparing the differences between
before and after 1 year of treatment.

Statistical analysis

Descriptive analyses of variables are presented for
the per-protocol population. Continuous variables
are presented as mean and standard deviation or me-
dian with interquartile range and categorical variables
as number and percentage. Paired Student t tests
were used to evaluate differences between baseline
and the 1-year follow-up for the means of contin-
uous variables, and the McNemar change test was
used for categorical variables. Statistical analyses
were performed using SPSS software (version 26;
IBM, Armonk, NY). Statistical significance was
assumed at P \0.05.

RESULTS

Of the 313 enrolled patients, 192 completed the
1-year follow-up. Patient demographics and baseline
characteristics of the per-protocol population are pre-
sented in Table 1. The mean duration of the follow-up
visit was 12.5 6 1.5 months. The patient’s self-
reported compliance was measured as the mean number
of nights using the appliance the past week before the
1-year follow-up was 66 1 nights. The mean proportion
of sleep time when using the appliance per night during
the week before the follow-up was 88% 6 21%.
American Journal of Orthodontics and Dentofacial Orthoped
The mean of overall jaw functional limitations
measured with the JFLS-8 scale (0-80 points) was 3.5
6 7.7 at baseline and 2.7 6 6.4 (NS) at follow-up.

The patients described the following symptoms at
waking after a night’s sleep at baseline and the follow-
up: discomfort or tiredness in jaw muscles (NS); experi-
ence of headache in the morning reduced in frequency
(P \0.001); and difficulties in opening the mouth or
chewing on awaking after a night’s sleep in the morning
increased at the 1-year follow-up (P 5 0.002). The re-
ported pain symptoms (once a week or more) related to
jaw function are shown in Table II. Pain in the temple,
face, or jaws and locking and TMJ sounds showed no sig-
nificant difference. However, mouth opening and chew-
ing pain significantly increased from 8% to 20%.

Reported awareness of bruxism during night-time
was 28% at baseline and 30% at the 1-year follow-up
(NS) and was lower for daytime bruxism (baseline,
19%; 1-year follow-up, 20%; NS).

Subjectively reported uncomfortable dental occlu-
sion during biting/chewing was reported among 9% of
patients at baseline and 18% at the follow-up (P 5
0.009). However, the clinical examination of the occlu-
sion could not confirm any significant change over
time (Table III). Tooth wear (score 1-4) was registered
at baseline in .90% of the patients according to the
tooth wear index established by Carlsson et al,17 but
only 2% had the most severe score of 4.
ics November 2023 � Vol 164 � Issue 5



Table III. Jaw mobility, relationships, and occlusion support in users of OAs at baseline and the 1-year follow-up in
the per-protocol population

Variables Baseliney (n 5 192) 1-y follow-upy (n 5 192) P value
Maximal mouth opening (mm) 51.7 6 6.5 51.4 6 6.4 0.402
Maximum protrusive capacity (mm) 8.7 6 1.8 9.0 6 1.9 0.009y

Overbite (mm) 3.2 6 2.1 2.8 6 2.1 \0.001y

Overjet (mm) 3.1 6 1.6 2.8 6 1.5 \0.001y

Normal occlusion support (right side) 176 (92) 171 (89) 0.486z

Normal occlusion support (left side) 176 (92) 168 (87) 0.230z

Detectable sliding, CR to CO 37 (20)§ 12 (6){ \0.001z

Mandibular deviation on maximal protrusive motion 78 (41){ 58 (30) 0.007z

Note. Data are shown as mean 6 standard deviation or n (%).
CR, central relation of the mandible; CO, central occlusion of the mandible.
yDifferences between baseline and 1-year follow-up were tested by paired t test; zDifferences between baseline and 1-year follow-up were tested by
McNemar change test; §n 5 188; {n 5 191.

Table IV. Presence of tenderness on palpation in TMJs and masticatory muscles in users of OAs at baseline and the 1-
year follow-up in the per-protocol population

Variables Baseline (n 5 192) 1-y follow-up (n 5 192) P value*
TMJs
Palpatory tenderness (right side) 12 (6) 12 (6) 1.000
Palpatory tenderness (left side) 14 (7) 14 (7) 1.000
Reduced translatory mobility (right side) 4 (2) 2 (1) 0.688
Reduced translatory mobility (left side) 8 (4) 2 (1)y 0.070
TMJ sounds (right side) 32 (17) 42 (22) 0.089
TMJ sounds (left side) 46 (24) 35 (18) 0.082
Pain on jaw motion (right side) 3 (2) 1 (1) 0.625
Pain on jaw motion (left side) 5 (3) 3 (2)z 0.727

Masticatory muscles
Palpatory tenderness in temporalis/masseter muscles (right side) 21 (11) 16 (8) 0.424
Palpatory tenderness in temporalis/masseter muscles (left side) 28 (15) 26 (13) 0.871
Pain on jaw motion (right side) 7 (4) 1 (1) 0.031
Pain on jaw motion (left side) 7 (4) 2 (1) 0.125

Note. Values are presented as n (%).
*Differences between baseline and the 1-year follow-up results were evaluated using the McNemar change test; yn 5 191; zn 5 190.

Table II. Reported symptoms and pain related to jaw functions at waking after a night’s sleep in using an OA at base-
line and at the 1-year follow-up in the per-protocol population

Pain/discomfort: Yes, once a week or more often Baseline (n 5 192) 1-y follow-up (n 5 192) P value*
Pain in the temple, face, TMJ or jaws 42 (22)y 50 (26) 0.401
Pain on mouth opening or chewing 16 (8) 38 (20) 0.002
Locking or closed lock of the jaw 14 (7) 18 (9) 0.541
Clicking or crepitus in the TMJ during chewing or mouth opening 42 (22) 42 (24)z 0.710

Note. Values are presented as n (%).
*Differences between baseline and the 1-year follow-up were tested using the McNemar change test; yn 5 191; zn 5 175.
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The clinical measurements of jaw mobility, jaw rela-
tionships, and dental occlusion at baseline and at the
1-year follow-up are shown in Table III. A significant in-
crease in maximal protrusive capacity was detected, as a
significant decrease of overbite and overjet, as also a
detectable slide from centric relation to centric occlusion
and mandibular deviation at the protrusion. Pain scores
November 2023 � Vol 164 � Issue 5 American
on palpation in the TMJ andmasticatory muscles did not
change significantly, except for jaw pain on motion in
the masticatory muscles of the right side (Table IV).

DISCUSSION

The main results of this secondary analysis origi-
nating from the original randomized controlled trial15
Journal of Orthodontics and Dentofacial Orthopedics
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showed that OA treatment of OSA had a limited affection
on jaw function.

Oral function is an important aspect of a patient’s
health. As a part of oral function, jaw functions can be
affected following the use of OAs, which protrude the
mandible in an abnormal position during sleep.
Although an OA is intermittent, it can lead to adverse
consequences. Our study focused on assessing the func-
tional status of the masticatory system with the JFLS-8
global functional limitation scale. The JFLS -8 is a valid
and reliable instrument, provides an overall assessment
of the functional limitation and has less respondent
burden for the patient. Our study found low average
values of reduced jaw function at the baseline registra-
tion, consistent with other studies in which healthy sub-
jects participated.16,18 Significantly higher values of
reduced jaw function have been noted in patients with
temporomandibular disorder pain, primary Sj€ogren syn-
drome, severe malocclusions and burning mouth syn-
drome.16 At the follow-up, the average JFLS-8 value
was unchanged, which indicates that even if there
were changes in the bite, it has no consequence for
the everyday masticatory function.

The amount of mandibular advancement is an
important factor in the effectiveness of OA therapy, as
shown in several studies.19,20 In a meta-analysis, Barto-
lucci et al4 found no evidence that a protrusion of more
than 50% of the maximum advancement of the lower
jaw has any benefit for mild and moderate conditions.
Therefore, it has been recommended to “titrate” the
minimum degree of mandibular advancement to deter-
mine the subjectively optimal effect.21 The amount of
mandibular advancement is important in treating severe
OSA, in which a greater advancement produces better
outcomes.11 Our patients were subjected to an advance-
ment of 75% of the individual maximum protrusion ca-
pacity, which might be deemed excessive because the
incidence of side effects is reported to be larger at
increasing degrees of protrusion.22 However, that was
not observed in 2 earlier studies with monobloc ther-
apy,11,23 nor when monobloc appliances were compared
with a bibloc design.15 Adverse events following the use
of OAs in the treatment of OSA have been documented,
but they are mild and usually well tolerated by most
patients.15

The symptoms and consequences of OA use are mostly
mild, as documented in a systematic review and
meta-analysis.24 That was confirmed in this study, as
no differences of clinical relevance were observed be-
tween baseline and the follow-up, although statistical
significance was found for some specific variables, such
as difficulties in jawmobility and function in the morning
American Journal of Orthodontics and Dentofacial Orthoped
after waking after a night’s sleep. However, these findings
were not influencing the overall JFLS score.

There was an obvious reduction in headache fre-
quency in this study, as also found in previous
studies,11,12,23,25 probably caused by a reduction in the
arterial carbon dioxide with lower apnea-hypopnoea ep-
isodes during sleep.

In the clinical measurements of jaw function, move-
ment ranges were stable with only minor changes, which
confirms results from previous studies26,27 indicating
that the jaw function has enough recovery time during
the day. A small reduction in overbite and overjet was
observed in our study. This aligns with previous reports
in which these changes increase over time.7,12,28

Palpatory tenderness to the TMJs and masticatory
muscles indicates pain or dysfunction in jaw function.
This occurred infrequently and did not change in any
used treatment options or over the treatment period.
This result is consistent with the meta-analysis by
Alessandri-Bonetti et al.24

Compliance with treatment with an OA is the basis for
efficacy and knowledge about patients’ experiences and
affection of the jaw function in using such a device. In
this study, the patients reported their use of OA to a great
extent, with self-reported rates of about 90% sleep time.
Extrapolating to our study, we can assume that the
compliance to treatment was probably good, but of
course, the lack of an objective compliance measure is
a limitation of this study.

The strengths of this study are that the study was per-
formed at 3 different specialist clinics, comprised a large
number of patients and had a rather long follow-up
period. Another strength is independent monitoring
and data management. However, the limitations are
that the data analyses are not based on primary statisti-
cal hypothesis testing or the dropout rates. The most
common reason for the dropouts (33%) was an ineffec-
tive appliance and was referred to continuous positive
airway pressure treatment. Related adverse events to
the mouth and jaw occurred in\1%, and in 11%, the
patients could not tolerate using an OA.15 Another lim-
itation is using only yes/no response alternatives in some
questionnaires, which decreased the ability to detect any
nuances in the answers.
CONCLUSIONS

The use of an OA in treating OSA was in this
follow-up with limited influence on jaw functions and
related symptoms. Moreover, the risk of developing
pain and function impairment in the TMJ complex
appears to be limited among users of OAs over 1 year,
ics November 2023 � Vol 164 � Issue 5
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which indicates that the treatment is safe and can be
recommended.
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