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Abstract

Objective: oral appliances are one of the treatments of obstructive sleep apnea hypopnea syndrome. They all have
dental anchoring points, causing potential changing in the dental occlusion with time. The aim of the study was to
evaluate dental displacement induced by Narval® oral appliance in the treatment of the adult mild to severe
obstructive sleep apnea hyponea syndrome.

Material and methods: The study was based on 15 adults with mild to severe obstructive sleep apnea hypopnea
syndrome treated with a Narval® oral appliance for more than one year. Before oral appliance delivery and more
than one year after oral appliance delivery, dental impressions were performed and digitized by a 3D scanner. The
dental positions were calculated by the software 3D Reshaper® and compared.

Results: The mean wearing time of the Narval® oral appliance was 13.5 months (+2.1). The mean mandibular
advancement was 6mm (£2). For the maxillary arch, there was a significant distalization of molar and premolar-
canine blocks from 0.12 to 0.20mm (all p<0.05) and a significant proclination of incisal blocks of 0.18mm (p<0.05).
For the mandibular arch, there was a significant mesialization of the molar and premolar-canine blocks of 0.14 to
0.25 mm (p<0.05) and a non-significant retoclination of the incisors of 0.09 mm.

Conclusions: The Narval® oral appliance produced minimal but significant teeth movements on the maxillary and
mandibular at the short and medium term.

Keywords: oral appliance; side effects; dental displacements; obstructive sleep apnea syndrome

Introduction them, the efficacy of Narval® OA has been reported in the short [7-9] and

long terms [10].
Oral appliances (OAs) are one of the therapeutic options for treating g [10]

Obstructive Sleep Apnea Hypopnea Syndrome (OSAHS). French Health ~ On the other hand, all OAs anchor on dental arches. Their use can
Authorities current recommend them as a second-line treatment in failure  therefore lead to a change in dental occlusion, by dental and/or bone bases
or intolerance to Continuous Positive Pressure Ventilation (CPPV) in  displacement, in the short-, medium- and long-terms [11-17].

severe OSAHS or as a first-line treatment in moderate OSAHS [1, 2]. The aim of this study was to evaluate the dental displacement caused b
Two concomitant mechanisms of action have been described [3-5]: 1. the the Narval® OA in z::jult atients with mild to severg OSAHS y
increase in the diameter of the upper airways by advancing the mandible: P )
anteriorization of retrobasilingual space, lateral expansion of pharyngeal Methods

walls and soft palate; and 2. the action on the stretch receptors of the i

genioglossus muscle, probably by decreasing its hyperactivity. There are ~ Population

many types of OAs, with varying efficacy and tolerances [6]. AMoNg e conducted a comparative “before and after” study without control. All
patients treated by OA for more than a year for a mild to severe OSAHS
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who consulted in our unit between 03/02/2010 and 31/08/2011 were
eligible.

All patients were carriers of a Narval ® Computer-Aided Design and
Computer-Aided Manufacturing OA, manufactured by Resmed
Laboratory (Saint Genis Laval, France). It is a custom-made bibloc-type
OA made of semi-rigid gutters articulated by a system of triangles and
connectors for titration (Figure 1).

Figure 1. Narval® OA (courtesy Resmed Laboratory)

The indications and contraindications of the OA were described by Clark
[18].

The non-inclusion criteria of the study were: poor compliance at the OA
daily port (less than five days per week), a decrease of less than 50% of
the apnea hypopnea index thanks to the OA, air bubbles in the dental
prints, a poor-quality scanned plaster dental print, or a modification of the
dental arch by dental care.

The main aim of the study was to compare the dental position per teeth
block before the OA to at least one year after OA use.

The primary outcome was dental geolocation. The position of the points
before the OA was compared to that after the wearing of the OA of at least
one year.

The secondary objective was to determine the direction of dental
modifications if the primary aim was met.

The secondary outcome was dental geolocation according to possible axes
of modification:  mesialization,  distalization,  vestibulization,
linguoversion, ingression and aggression.

Process of the OA manufacturing and the study

The process of OA manufacturing in our otorhinoloaryngology unit has
already been reported in other articles [9, 10, 19]. In summary, a complete
otorhinoloaryngology and dental clinical examination, as well as an
orthopantomography and a profile teleradiography, were performed prior
to the initial dental printing, i.e. before the OA treatment was
implemented, allowing the manufacture of OA. The second dental prints
were taken more than a year from OA delivery under the same conditions.

The prints were made with Zerosil® soft, vulcanizing silicone by
addition, suitable for taking situation prints. They were then sent to the
OA production site (Resmed Laboratory, Saint Genis Laval, France). A
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positive moulding was made, allowing to recreate the patient’s dental
occlusion. This moulding was then digitized. The position of each tooth
was determined by the geolocation of an average of 60 points per tooth.
The comparison of dental occlusions before/at least one year after wearing
OA was carried out with the 3D Reshaper® software by calculating the
modification of distances and dental positioning. The final accuracy of
the procedure was in the order of one-tenth of a millimeter.

The results provided information on the variability in the space of each
tooth: mesialization (anterior displacement), distalization (posterior
displacement),  vestibulization  (external lateral  displacement),
linguoversion (internal lateral displacement), ingress and egress.

For the calculation of dental mobility, the teeth were grouped by block:
Block #1: left molar teeth (teeth # 8, 7, 6)

Block #2: left premolar and canine teeth (teeth # 5, 4, 3)

Block #3: incisive teeth (teeth # 2, 1, 1, 2)

Block #4: right premolar and canine (teeth # 3, 4, 5)

Block #5: right molar teeth (teeth # 6, 7, 8)

Each block was also distinguished by the letter S (as superior) for
maxillary teeth and the letter L (as lower) for mandibular teeth.

Statistical analayses

After checking the normal distribution of the data, comparisons of means
on paired data were made (ANOVA).

The population size to be included was made with the R software (library
pwr) on paired data. A dental displacement difference of 0.1mm with an
a-risk of 0.05 and a power of 0.8 led to 787 patients to integrate.

The tests were carried out on the software spss for Windows version 12
(IBM, Armonk, NY).

Results

Of the 40 eligible patients, 15 patients were finally included (37.5%, 4
men and 11 women). The flowchart is presented in the (Figure 2).

40 eligible patients

17 dental prints with micro-air
bubbdes that can wvary
measurements >0, 5mam (42.5%)

8 with 3D scanming Tadure [200)

15 included patients

Figure 2: flowchart of the study

The mean age of the patients was 50.5 years (+20.5). The mean duration
of the OA was 13.5 months (£2.1). The average mandibular propulsion
was 6 mm (£2).

Table 1 shows the mean dental mobilization. There was a significant
dental displacement of each mandibular and maxillary dental block.
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1C95% p
Block 1L 0.218 (£0.136) [0.143;0.294] <10
Block 2L 0.229 (0.112) [0.167;0.291] <10
Block 3L 0.255 (+0.150) [0.172;0.338] <10*
Block 4L 0.251 (£0.164) [0.160;0.341] <107
Block 5L 0.190 (£0.176) [0.093;0.287] <107
Block 1S 0.160 (+0.135) [0.090;0.240] <10
Block 2S 0.163 (+0.053) [0.133;0.192] <10*
Block 3S 0.308 (+0.185) [0.206;0.410] <10*
Block 4S 0.208 (+0.148) [0.126:0.290] <107
Block 55 0.231 (£0.167) [0.139;0.324] <10

Table 1. Mean dental movements (+standard-error) (mm)

Mean dental block displacements and their directions are reported in (Figure 3).

Vestibuloversion
0.184mm (+0.315), p=0.040

Left
Distalization
0.125mm Distalization
(+0.119) 0.201mm
p=0.001 (£0.157),
p<0.001
Distalization Distalization
0.116mm 0.201mm
(+0.180)1 f&a (+0.206)
p=0.031 | -~ |4} p=0.002

Maxillaryarch
(superior view)

Front

Mésialization Mésialization

0.093mm t Linguoversion 0.251mm
(+0.244) 0.086mm (+0.298) (£0.164)
p=0.163 p=0.29 p<0.001

Meésialization Meésialization

0.125mm i 0.138mm
(+0.23) (+0.221)
p=0.054 ' p=0.030

Mandibulararch
(superior view)

Arrows represent the directions of significant (in blue) and non-significant dental movements (in red)

Figure 3. Representation of the analysis of mean dental movements by dental block and direction.

In addition, there were dental height movements:

- a sub-millimeter ingress for some teeth in the maxillary arch: 27 for three
patients, 17 for four patients, and 16 for two patients.

- an egress for some teeth of the mandibular arch: 37, 36, 47 and 46 in a
single patient.

Dental displacement per block per patient is reported in Appendix 1.
Discussion

This study showed that Narval® OA caused a significant dental
displacement in every block, variable in importance and direction
according to the dental block. It has led to a distalization of the maxillary
teeth and a mesialization of the mandibular teeth. But amplitudes of dental
movements were low (0.1 to 0.25mm).

Previous studies have shown that there was dental and bone modifications
as well as dental displacement, regardless of the type of OA used [12-17,
20]. Force vectors directions are different from one OA to another,
depending on the design [6]. Combined with the teeth on which these
vectors are applied (mono- or multi-radicular), dental movements can be
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anticipated. For instance, Marklund et al. [13], using a bibloc OA in
propulsion with a mean mandibular advancement comparable to our,
showed a mesialization of 0.3 to 0.6mm of molars and 0.4 to 0.5mm of
premolars, regardless of upper and lower dental arches. Hammond et al.
[14] studied the dental and bone bases movements of a bibloc OA with
cylinders propulsion (equivalent to a Somnodent® OA from the
Somnomed laboratory). They also found a mesialization of the
mandibular molars of 0.3 £0.77mm. In our series, dental displacement
seemed less (0.1 to 0.25mm).

Herbst-type OAs would cause dental movements opposite the Narval®
OA. For molars and premolars their respective movements could be
explained by the differences in forces exerted by these two types of OAs
[21-23], as well as support on mandibular monoradicular teeth, more
prone to movements compared to multiradicular teeth. Herbs-type OAs
exert antero-lower direction forces resulting in the mesialization of the
teeth of the maxillary and mandibular arches. Narval® OA exerts
posterior forces for maxilla and anterosuperior for the mandible [21],
resulting in a distalization of the teeth of the maxillary arches and a
mesialization on the mandibular arch. For incisors, the contrast of
movement observed between the Herbst-type OAs and the Narval® OA
could also be partly explained by the absence of total recovery at the
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incisors with the Narval® OA: the anterior headband being in contact
only with the anterior facet of the incisors.

Dental displacement studies also focused on studying the anteroposterior
movements of incisors. Wearing an Herbst-type OA resulted in a mean
palatoversion of the upper incisors [12-15, 20], from 0,8° +4,7° [15], to
1,9° £2,9° [16]; it resulted in a vestibuloversion of the lower incisors of
0,96°+0,30° i.e. 0.52 £0.12 mm [14], to 4.9° [15]. Alessandri-Bonetti et
al. [17] found with the Silensor® OA a mean palatoversion of the upper
and lower incisors of 0.4° +0.72° and 2.27° £1.38° respectively. In our
study, the Narval® OA resulted in a mean upper incisor vestibuloversion
of 0.18 mm and a mean linguoversion of the lower incisors of 0.09mm. It
is interesting to note that the Silensor® OA also found a tendency to
lingualize the teeth of the lower dental arch [17], consistent with our
study.

Narval® OA would therefore appear to be one of OAs with less dental
resonance for incisors, premolars and molars compared to other OAs.

The use of CPPV for more than 2 years has been shown to alter the
occlusion between dental arches and leaded to a reclining of the upper
incisors and a significant retrusion of the anterior maxilla associated with
a decrease in convexity [24]. A 0.1 £0.6-mm-anteroposterior modification
was also described under CPPV, as well as a decrease in the number of
dental contact points at the premolar level [9]. CPPV would therefore
result in dental movements in adults that were not intellectually obvious
because CPPV device has no direct interaction with the teeth. Our study
highlighted a maximal mean dental movements of 0.3mm with consistent
therapeutic efficacy, which would seem to be quite acceptable compared
to dental movements (0.1 £0.6 mm) induced by CPPV [11].

Finally, there are spontaneous dental changes. In humans, dental
spontaneous movements are mesial and vertical, explained by the "law of
tangent" [25, 26]. This poses the problem of comparability of studies,
even in the case of a control case study. Even a study on twins would not
ensure of the complete comparability of the arms.

Limitations of our study

Our study is not without criticism. Firstly, we have chosen to quantify all
dental movements in mm compared to the initial dental joint without
referring to a bone base, whereas most studies performed their
calculations on profile teleradiographies, i.e. on a bone base. We have
chosen this method because the calculation of bone base modification on
face and profile teleradiography does not seem accurate enough compared
to a digital analysis. The ideal would therefore be a method combining
dental displacement and modification of the bone bases, by digitization.
We have already shown a marked improvement in the quality of digital
dental printing in the absence of coloured amalgams or dentures [19].

In addition, the distant date of its realization can also be criticized. Indeed,
it was carried out shortly after the establishment of the Narval® OA
following the princeps study [7] in which we had participated. It was the
subject of a MD thesis and was then forgotten. Recent publishing work
[9, 10, 19] “exhumed” it and its interest rediscovered.

The small population size of our sample (15 patients vs. 787 to be
integrated according to the population size calculation) does not prevent
statistical tests from reaching a satisfactory level of significance. This low
number does not reduce the power of the study.

Finally, if the high rate of noncompliance of the dental prints (63.5%)
decreases the strength of our analysis, attrition bias is not as important
because noncompliance has no reason to be more frequent in the event of
dental displacement than in their absence. This ratio can be explained by
the moment when the study was conducted. Indeed, the digitalized
comparison technic was quite new. Now the 3D acquisition of dental
prints should ease this comparison [19].
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Conclusion

Our results confirmed that there was a significant but minimal dental
displacement with the use of the Narval® OA, and that it would appear to
be less important than with the use of a Herbst-type OA in the short to
medium-term. A precise method of measuring both movements of bone
bases and teeth should make it possible to be more precise.

Supplementary materials
Legend of Appendix 1

P: Patient number. T: oral appliance Duration (months). Min: Minimal
mobility (mm). Max: maximum mobility (mm). Mean: average mobility
of the block (mm). Dir: main axis of mobility. /yr: mobility (mm/year).

X: event taken into account for the calculation of average and mobility
per year. The number corresponds to the numbering of the tooth. U:
Unusable information due to a deformation of the dental print or the
addition of significant material. E: tooth Egress. I: tooth Ingress. O: dental
Overlaps on the block.

Axis of direction of the mobility of the block: M: mesialization. D:
distalization. V: vestibuloversion. L: lingoversion. ML: mesialization and
lingoversion. MV: mesialization and vestibuloversion. DV: distalization
and vestibuloversion. DL: distalization and linguoversion.
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