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INFORMACION DEL ARTIiCULO ABSTRACT

Historia del articulo: Objectives: To present the working protocol, clinical outcomes and upper airway changes

Recibido: 11 de abril de 2020 of a 20-patient cohort with moderate-severe obstructive sleep apnea/hypopnea syndrome
Aceptado: 15 de junio de 2020 undergoing maxillo-mandibular advancement with counterclockwise rotation.

Material and methods: A multidisciplinary committee determines the surgical indication, which
Keywords: patients consent. Computed tomographies and polysomnographies are performed before and

Sleep disorder, OSAHS, orthognatic after surgery, as the usual clinical practice protocol. The clinical investigation ethics institu-

surgery, maxillo-mandibular
advacement, counter clockwise dimension, transverse dimension and other measurements are determined in the upper

tional review board approved the study. Lengths, volumes, minimum area, antero-posterior

rotation. airway. Statistical analysis is descriptive and comparative by pairs with p < 0.05.

Results: Planned movements are 10.40 mm of advance and 2.11 mm of anterior impaction.
Apnea/hypopnea index reduces by 30.50 points and minimum peripheral capillary oxygen
saturation increases by 5.00 points. Clinically and statistical significant findings are: 10.98
mm of shortening and 6.26 mm*3 of volume enlargement, especially in the retro-palatal
compartment; 91.45 mm*2, 3.68 mm and 8.00 mm of area, antero-posterior dimension and
transverse dimension widening respectively; hyoid bone advances 1.92 mm.

Conclusions: Maxillo-mandibular advancement with counterclockwise rotation in moderate-
severe obstructive sleep apnea/hypopnea syndrome achieves in short-term follow-up apnea/
hypopnea index < 15 in 80 % and minimum peripheral capillary oxygen saturation > 85 in
75 % of our series. Main upper airway changes are: shortening, volume and area increase,
elliptical shape, and antero-superior hyoid bone movement.
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Planificacién, resultados y anatomia de la via superior en sindrome
de apnea/hipopnea obstructiva del sueno tras avance bimaxilar:
20 casos

RESUMEN

Palabras clave:

Patologia del suefio, SAHS,
cirugia ortognatica, avance
maxilomandibular, rotacién
antihoraria.

Objetivos: Presentar el protocolo de trabajo, resultados clinicos y cambios en la via aérea
superior de una cohorte de 20 pacientes con sindrome de apnea/hipopnea obstructiva del
sueno, intervenidos de avance maxilomandibular con rotacién antihoraria.

Material y métodos: Un comité multidisciplinar determina la indicacién quirirgica, que los
pacientes consienten. Tomografias computarizadas y polisomnografias son llevadas a cabo
antes y después de la cirugia, como protocolo habitual de trabajo. El comité ético de inves-
tigacién clinica regional aprobé el estudio. Longitudes, volimenes, drea minima, dimensién
antero-posterior, dimensién transversal y otras medidas son determinadas en la via aérea.
El andlisis estadistico es descriptivo y comparativo por pares con p < 0,05.

Resultados: Los movimientos planificados son 10,40 mm de avance y 2,11 mm de impactacién
anterior. El indice de apnea/hipopnea se reduce 30,50 puntos y la saturacién de oxigeno
capilar periférica minima aumenta 5,00 puntos. Los resultados clinica y estadisticamente
significativos son: 10,98 mm de acortamiento y 6,26 mm*3 de incremento de volumen, espe-
cialmente en el compartimento retro-palatal; 91,45 mm*2, 3,68 mm y 8,00 mm de aumento
de érea, dimensién antero-posterior y dimensién transversal respectivamente; el hioides
avanza 1,92 mm.

Conclusiones: El avance maxilomandibular con rotacién antihoraria en sindrome de apnea/
hipopnea del suefio moderado-severo logra a corto plazo indice de apnea/hipopnea < 15 en el
80 % y saturacién de oxigeno periférica capilar > 85 en el 75 % de nuestra serie. Los principales
cambios en via aérea son: acortamiento, incremento de volumen y areas, forma eliptica y
posicionamiento antero-superior del hioides.

INTRODUCTION

Symptoms and consequences of obstructive sleep apnea/
hypopnea syndrome (OSAHS) are the result of repetitive
upper airway (UA) collapse. Before starting any conserva-
tive or invasive treatment, diagnosis must be confirmed
and severity characterized by a nocturnal polysomnogra-
phy (PSG) performed in a specialized laboratory. Continu-
ous positive airway pressure (CPAP) is the gold standard
treatment for moderate-severe cases. In the last decades,
mandibular advancement devices (MAD) have also been
globally introduced. Before considering any surgical proce-
dure, it is advisable to reevaluate anatomy, comorbidities
and patient’s desire. In addition, the indication should be
discussed in a multidisciplinary committee®2. Maxillo-man-
dibular advancement (MMA) especially if associated with
counterclockwise rotation (CCW) widens the overall UA and
stretches surrounding soft tissues. Although it is an inva-
sive treatment, it has been reported reduction of the apnea/
hipopnea index (AHI) to normal values in 75-100% of cases
in short-term and medium-term follow-up***. Our working
protocol, evaluation of clinical outcomes and a pilot retro-
spective observational study of UA morphological changes
are presented. It is intended to corroborate that our findings,
based in a 20-patient cohort with moderate-severe OSAHS
undergoing MMA with CCW, are consistent with the current
literature.

MATERIAL AND METHODS

Inclusion criteria are: > 18 y/o, moderate-severe OSAHS in
non-specific or supine position, indication determined by a sleep
pathology committee (pneumology, otorynolaryngology, maxil-
lofacial, dentistry, radiology, and neurophysiology), and written
informed consent for surgery. Exclusion criteria are: pregnant
woman, predominant apneas of central origin, major craniofa-
cial deformities (such as cleft palate, severe asymmetric maloc-
clusion, trauma or head & neck oncologic surgery), and differ-
ent surgery than MMA. The study protocol was reviewed and
approved by the institutional review board of clinical research
ethics “OSI Ezkerraldea-Enkarterri-Cruces”, code CEIC E19/39, and
itis in compliance with the Helsinki Declaration. Patients signed a
specific consent form conveniently informed for the study. Clini-
cal outcomes and UA morphology are analyzed, based on PSG
and head & neck computed tomography (CT) as complementary
examinations of the usual clinical practice. They were performed
a maximum of 3 months before the MMA and postoperatively
between the third month and the first year. Diagnosis, treatment
and complementary examinations took place between 2012 and
2017 in a single third-level health center.

Surgical planning

Once the surgery indication is established, a cephalomet-
ric analysis is performed: facial and intraoral photographs,
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lateral teleradiograph of the cranium (LTC), orthopantomogra-
phy and plaster dental models®. When we consider the patient
is prepared from an oral health point of view and occlusally,
a CT is performed. From the axial series and current dental
models, a digital dental-cranium-facial mesh is segmented
and oriented according to the natural plane of the head and
clinical exploratory data. Lefort I maxillary osteotomy, Obwege-
ser-Dal Pont mandibular split, and movements pivoted on the
upper central incisor (UCI) are planned in three-dimension
(3D), fitting the most stable occlusion, which will be the same
as the initial one if pre-operative orthodontics has not been
implemented. Repositioning surgical devices, either standard
occlusal splints or customized cutting-perforating guides and
preformed plates, are designed and manufactured by com-
puter-assisted technology. Other simultaneous skeletal pro-
cedures could also be digitally plotted and measured. Genio-
plasties are considered for achieving the best patient’s profile
and correct frontal asymmetries; while genioglossus advance-
ments are proposed when there is a huge retro-glossal (RG)
collapse and the dental-osseous mandibular anatomy is favor-
able’*. The first author is the main surgeon regarding planning
and techniques’ execution.

Examinations standardization

PSG is performed according to the national pneumology
society recommendations®. CT (Philips Brilliance CT®, 16 detec-
tors) are: non-contrast, helical, 1 mm axial slices, patient
awake, supine position, still, no swallowing, apnea at the end
of exhalation, relaxed lips, lingual tip in contact with UCI,
mandible centric relation, and complete inclusion of the hyoid
bone and cranium.

General data and clinical outcomes

There are collected epidemiological data (sex, ethnicity and
age at the time of MMA), exploration data [body mass index
(BMI), Mallampati scale and Angle class], previous surgeries and
orthodontics, simultaneous MMA procedures UA related, and
repositioning system of the osteotomized maxillary segments.
The advancement is recorded at the UCI and at the Pogonion
(Pog), the anterior vertical movement (AVM) at the UCI, and
the posterior vertical movement at the first upper right and
left molars. It is registered from PSG the apnea/hipopnea index
(AHI) in non-specific, supine and non-supine position; and the
basal and minimum peripheral capillary oxygen saturation
(SPO2) parameters. Mild OSAHS is considered with 5-15 AHI
and daytime sleepiness symptoms, moderate one with 16-30,
and severe >30'2.

UA variables: (NemoTec FAB® software, 2.7.0 version)

The cranium-facial mesh of each patient is oriented in the
axial plane by aligning the nasopalatine duct with the odontoid
process, which is aligned at the same time with the base of
the crista galli in the coronal plane. In the mid-sagittal one, the
horizontal main reference is the hard palate (HP) plane, while

the vertical main reference is the perpendicular plane that
crosses through the most antero-inferior point of the second
cervical vertebra (AIC2) (Figure 1). Parallel planes to the HP one
that pass through the uvula’s tip (UT), epiglottis’ tip (ET) and
the antero-inferior point of the hyoid bone (AIHB) divide the UA
into 3 compartments: retro-palatal (RP), RG and hypopharynx
(HPh). Parallel to the vertical reference, lengths (L) are measured
by compartments, the sum and the total independently. An air
mesh is segmented wich limits are: superior HP plane, inferior
AIHB plane, anterior soft tissues excluding the oral cavity air,
posterior pre-vertebral musculature, and lateral para-pharynge-
al musculature. Volumes (V) are calculated as a result of an air
density point approximately -1000 HU and a range of +/-500 HU,
also by compartments, the sum and the total independently
(Figure 2). In axial slices parallel to the HP, we record the mini-
mum area (AR), its location, and dimensions (D), understood as
maximum antero-posterior (AP) and transverse (TV) straight
distance of air density (Figure 3). In addition, horizontal dis-
tances parallel to the HP plane from the AIC2 one are quantified:
posterior nasal spine (PNS), mental spine (MS), AIHB and pre-
vertebral soft tissues (PST) at the height of the AIC2 (Figure 4).
All measurements are carried out by the second author.

Statistic analysis: (SPSS® software, 23.0.0 version)

Descriptive statistics of frequencies are calculated. Fur-
thermore, a comparative by pairs’ analysis of the dependent
(pre- and post-operative) continuous variables is carried out.
The normality of the variables is verified with the Kolmogorou-
Smirnov test, so the parametric (dependent-samples Student’s t)
or non-parametric test (Wilcoxon signed rank) is applied, with
p <0.05.

Figure 1. Case 11 pre-operative. Sequential orientation
method in axial (A), coronal (B, C) and mid-sagittal (D)
planes. Mid-sagittal plane in white and reference planes
in magenta.
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Figure 2. Case 15 pre-operative (A-D) and post-operative (E-H).

Mid-sagittal slices. Determination of vertical lengths and
volumes. Reference planes in magenta. Reference point and
total length in yellow. Retro-palatal length in light turquoise,

retro-glossal length in grayish blue, and hypopharynx in
lavender. Limits of the drawing for the volume estimation in
blue (total and by compartments), delimitation of the airway
mesh in light pink. Location of the minimum area in green.

Figure 3. Case 16 pre-operative (A) and post-operative
(B). Axial slice at the level of the minimum area, drew in
light pink. Antero-posterior dimension in dark pink and

transverse dimension in yellow.

Figure 4. Case 16 pre-operative. Mid-sagittal slice.
Determination of horizontal lengths. Reference planes
in magenta. Posterior nasal spine length in green,
pre-vertebral soft tissue length in pink, mental spine
length in turquoise and antero-inferior hyoid bone
length in yellow.

RESULTS

Male/Female ratio is 19/1.100 % are white-Caucasian with
a mean age of 41 (32-52) y/o. 45 % have BMI >25, 85 % Malla-
mpati’s I1I-IV and 45 % no maloclussion. 60 % had not under-
gone surgeries UA related prior to MMA and 85 % neither
did pre-operative orthodontics. Five patients undergo genio-
plasty and one genioglossal advancement simultaneously to
the MMA. All surgeries proceed without intra-operative inci-
dents. Maxillary repositioning is with occlusal splints in 20 %
of the cases, while in the rest is performed with customized
systems of guides and plates. The mean planned advance-
ment at the UCI is 10.40 mm (9.70-11.00), with 2.11 mm
(7.00-1.00) of AVM and posterior leveling, thus carrying out
the CCW so the Pog is 14.60 mm (11.30-22.30) pushed forward
(Table I).

The overall AHI is significantly reduced by 30.50 points of
median after surgery while in supine position by 51.00 points.
This supposes AHI < 15 in 80 % and < 5 in 50 % postoperatively.
There are some absent data in supine and non-supine posi-
tion if the patient maintained the same position during PSG.
Although the basal SPO2 does not change, the minimum one
improves 5.00 points of median, that is to say SPO2 > 85% in
75 % of the cases (Table II).
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The clinically and statistically significant changes in the
UA include 10.98 mm of total L reduction of mean, especially
in the RP location although it decreases in all compartments.
Total V enlarges 6.26 mm? of mean, doubling in RP location
and without statistical significance in HPh. The error range
between the difference of the total and the sum of compart-
ments is < 1 mm for L and < 1 mm? for V. Minimum AR, RP
located in 85 % of pre-operative CTs and in 55 % of post-
operative ones, increases 49.72 mm? of mean, almost tripling.
D-TV widens more than D-AP, suggesting an elliptical-shaped
expansion, with differences of 8.67 mm and 3.62 mm of mean
respectively. There is a significant increase in horizontal Ls,
to highlight L-AIHB, which implies a more anterior position
of the hyoid bone. It also ascends, due to the overall UA verti-
cal shortening. Although the L-PST reduction is statically sig-
nificant, it is not clinically because the difference is < Imm of
mean and median (Table III).

DISCUSSION

According to Standford’s stepwise-surgery protocol for
OSAHS, MMA was initially part of a phase II of manage-
ment!®*2. It was considered whether other surgical proce-
dures had failed, mainly focused on soft tissue of UA specific
locations. Nowadays, it is considered as primary treatment,
as a single surgery approach with an overall impact in UA, in
patients with dental-facial deformities predisposing to col-
lapse such as retrognathia, maxillary hypoplasia or overjet.
It will be a secondary treatment in the presence of CPAP or
MAD intolerance*. MMA intends to widen RP and RG regions
by antero-superior traction of the PNS and MS, insertions of
the velo-pharyngeal and suprahyoid musculature. In addi-
tion, it also stretches the para-pharyngeal musculature®®. In
refractory cases, there is already a Standford’s phase III that
includes hypoglossal neurostimulation®*. Although it has been
demonstrated AHI clearly improves in OSAHS after MMA, most
of the studies reported have heterogeneous presentation of
planning, technique details, clinical outcomes and UA mor-
phological evaluation®.

Regarding planning, just like other surgical cases of dental-
facial deformities without OSAHS, three basic pillars should be
balanced: occlusion, aesthetics and UA. Current usual clinical
practice is working with digitized 3D radiology, which provides
more information and allows greater control and accuracy
than 2D, especially in frontal planes®®. The tomography par
excellence to assess cranium-facial bones is the cone-bean
one (CBCT). However, we believe it is still more reliable a heli-
cal medical CT in OSAHS patients, gaining more soft tissue
resolution and possibly more precision in UA segmentation
too, at the cost of more radiation exposure. These surgeries
have great impact on health and psychosocial aspects because
of implicit aesthetics, so CBCT/CT is sometimes considered
not only for planning, but also for the initial cephalometric
analysis and post-operative control, achieving an entirely 3D
evaluation. We perform the first control with CT in OSAHS
patients, but not the initial study or successive reviews.

We should take into account differences in OSAHS popu-
lation compared to general one who goes through orthogna-
thic surgery. OSAHS patients are usually middle-aged adults

in the fourth-fifth decade, with body positional compensa-
tions to facilitate air flow such as hyperextension and anterior
cervical translational movement, more anesthetic risk, more
cardiovascular risk factors and more cardiac, respiratory and
neurological comorbidities?. There is a tendency for max-
illary bi-retrusion and bone atrophy with aging due to loss
of the trabecular layer, making osteotomies more complex.
Facial profiles tend to be convex with more soft tissue lax-
ity, tolerating traction relatively well, but less predictable in
regard to cosmetic changes with the standard cephalometric
and morphing estimations, which are focused on young adult
population?. With regard to dental-oral health, many OSAHS
patients are mouth breathing and there is a greater teeth attri-
tion, more crown reconstructions, more dental implants, more
edentulous sectors, more large dental compensations, worse
periodontal status with greater risk of gingival retractions and
dental vitality losses. As for orthodontic appliances, OSAHS
patients may sometimes not need nor wish to carry out den-
tal movements, so no changes will happen in pre-operative
and post-operative occlusion. However, there will be situa-
tions where for guaranteeing a stable occlusion it is essential a
minimum decompensation, arch coordination and tooth carv-
ings. Rigid arches with strong anchor pins are placed before
surgical procedure in all cases, to hold the inter-maxillary
fixations during the osteotomized segments positioning with
conventional splint systems and to carry out post-operative
orthodontic adjustments, which is necessary nearly always®.

MMA movement should be the maximum that allows
occlusal stability, enough bone contact between osteotomized
segments to achieve consolidation, reliable vascularization
thought soft tissues after their detachment and traction, and
reasonable cephalometric measurement. A common reported
complication is protrusive profiles, although they are usually
favorably accepted due to its rejuvenating connotation?.

As technique particularities, sometimes the upper-maxilla
needs to be segmented into several fragments in the face of
transverse hypoplasias. We perform H-shape segmentation.
If transversal discrepancy is greater than 5-8mm, we would
prefer surgically-assisted palatal expansion technique, delay-
ing MMA to a second procedure (case 5). In pre-operative small
noses, we consider sub-spinal Lefort I osteotomies, which try
to preserve the perinasal musculature and modify lesser the
base and nasal tip. Mandibular osteotomies at buccal bone
level should not be too posterior, at least between the second
and first molar, to assure enough bone contact during osteo-
synthesis. When the osteotomized segments are anteriorly
pulled, bone interferences and soft tissue attachments should
be removed, carefully not to compromise vascularization. It
stands out the complete release, but not ligation, of the greater
palatine pedicles in the upper-maxilla, while in the mandible
itis to highlight the detachment of the basilar cortical perios-
teum and the pterygoid-masseteric sling preserving only its
posterior attachment.

CCW enhances the MMA, widening the RP region further
and also the RG because of the more antero-superior man-
dibular repositioning with the maximum facial bony impact
at the Pog, compensating situations in which we do not reach
the recommended 10-12mm of advancement at the UCI*. Cau-
tion should be taken with posterior gaps in the upper-maxilla,
requiring sometimes bone grafts or additional osteosynthesis



Table I. General data and planning movements

Age .. . Angle Sx Ortho Sx Osteotomy/ Adv_ AVM_ PVM_ PVM_ Adv_
Case Ethnicity Sex BMI Mallampati . . ;
(y/0) class (previous) (previous) (current) -synthesis ~ UCI (mm) UCI(mm) 1.6 (mm) 2.6(mm) Pog(mm)
01 50 White-Cau M  33.00 III I No No MMA + CCW Standard 11.0 -1.0 1.0 1.2 12.0
02 39 White-Cau M 2128 I I Septoplasty, No  MMA+CCW  Standard 11.0 1.0 41 3.9 16.1
adenoidectomy

03 34 White-Cau M 2876 I1I II No Yes MMA + CCW  Customized 10.0 -2.0 1.0 1.0 14.0

04 48 White-Cau M 2378 I\Y I No No MMA + CCW  Customized 10.0 -1.0 0.0 0.0 12.6

05 45 White-Cau M  19.87 III I SARPE Yes MMA + CCW  Customized 10.0 -2.0 3.0 3.0 16.8

06 42 White-Cau F 32.52 III I No No MMA + CCW  Customized 10.5 -1.0 0.0 0.1 13.1

07 37 White-Cau M  27.06 v I No No MMA + CCW  Customized 10.5 -1.0 1.0 1.0 13.3

08 37 White-Cau M 2276 I\ II Uvulopalatopharyngoplasty No MMA + CCW  Customized 10.0 -2.0 2.2 2.0 12.7

09 36 White-Cau M  21.88 I I No No ~ MMA+CCW,  Customized ., 1.0 3.0 33 16.8
genioplasty

10 32 WhiteCau M 2837 IV i No No ~ MMA+CCW  Customized 4, -2.0 3.0 3.0 17.0
genioplasty

11 45 White-Cau M 23.99 v II No No MMA + CCW  Customized 11.0 -1.0 1.0 1.2 12.9

12 45 White-Cau M  25.06 v II Tonsillectomy No MMA + CCW Standard 11.0 -2.0 2.1 2.0 14.0

13 41 White-Cau M 25.35 II II Adenoidectomy No MMA + CCW  Customized 9.7 -4.2 2.9 2.7 11.3

14 38 White-Cau M  27.00 III I No No MMA + CCW, Standard 10.0 -7.0 2.0 2.0 13.7
genioplasty

15 41 White-Cau M 36.11 vV I Adenoidectomy No MMA + CCW  Customized 10.3 -1.9 0.9 1.0 12.5

16 43 White-Cau M 2948 III I No No MMA + CCW  Customized 11.0 -3.0 1.0 1.0 12.7

17 52 White-Cau M 2683 IV I No No ~ MMA+CCW  Customized 4, 2.5 2.0 2.0 186
genioplasty

18 32 WhiteCau M 238 IV I Septoplasty Yes ~ MMA+CCW,  Customized 4, 25 3.0 3.0 223
genioplasty

19 48 White-Cau M 2416 v II No No MMA +CCW  Customized 10.0 -2.0 0.0 0.7 12.4
MMA + CCW, Customized

20 44 White-Cau M 2377 v I ESS No genioglossus 10.0 -2.0 -1.0 0.0 14.6

adv

1.6: first upper right molar. 2.6: first upper left molar. Adv: advancement. AVM: anterior vertical movement. BMI: body mass index. Cau: Caucasian. CCW: counterclockwise rotation. ESS: endoscopic sinus surgery. F:
female. M: male. mm: millimeters. MMA: maxillo-mandibular advancement. Ortho: orthodontics. Pog: Pogonion. PVM: posterior vertical movement. UCI: upper central incisor. SARPE: surgical assisted rapid palate
expansion. Sx: surgery. y/o: years-old.
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Table II. Polysomnographies

Case AHI AHI AHI _SUP AHI _SUP AHI _NSUP AHI _NSUP SPO2_BAS SPO2_BAS SPO2_MIN SPO2_MIN
_PRE _POST _PRE _POST _PRE _POST _PRE _POST _PRE _POST

01 37 23 37 41 37 5 95 95 89 87
02 68 5 67 7 73 0 95 95 82 83
03 31 7 59 12 11 1 98 97 93 90
04 33 0 48 0 31 0 92 94 92 86
05 28 9 57 10 11 4 96 97 85 92
06 14 3 21 4 12 2 96 93 88 85
07 29 2 50 2 9 0 94 95 81 85
08 35 9 35 14 = 6 96 97 85 92
09 61 16 61 16 = = 96 96 77 91
10 85 8 88 8 69 = 94 95 63 82
11 76 0 87 0 36 0 93 95 79 88
12 51 1 51 1 = 0 97 98 85 90
13 15 0 28 0 1 0 97 97 80 96
14 22 0 = 0 22 0 96 96 89 92
15 72 35 89 35 39 = 94 97 86 77
16 34 1 35 2 33 0 94 95 86 91
17 33 25 73 30 9 12 93 93 85 86
18 40 3 50 4 35 0 94 94 88 91
19 67 5 67 6 = 5 96 96 87 91
20 33 2 56 2 8 = 96 96 82 92
Mean 43.20 7.70 55.74 9.70 27.25 2.19 95.10 95.55 84.10 88.35
Median 34.50 4.00 56.00 5.00 26.50 0.00 95.50 95.50 85.00 90.00
sd 21.03 9.74 19.79 12.17 21.24 341 1.55 1.39 6.47 4.46
K-Sp 0.015 0.002 0.879 0.018 0.083 0.000 0.013 0.250 0.027 0.047
tor Wp 0.000 0.000 0.003 0.099 0.019

AHI: apnea/hypopnea index. BAS: basal. K-S: Kolmogorou-Smirnou test. MIN: minimum. NSUP: Non-supine position. p: significance. POST: post-operatory. PRE: pre-operatory. sd: standard deviation. SPO2: peripheral
capillary oxygen saturation. SUP: supine position. t: dependent-samples Student’s t test. W: Wilcoxon signed rank test.

811-£0T:(€)2%'020C 'DVIOTIXVIN TVYO ¥ID dST ATY

€I1



Table III. Vertical lengths (in mm), volumes (in mm?), areas (in mm?), dimensions (in mm) and horizontal lengths (in mm)

Case L_RP L_RP L_RG L_RG L_HPh L_HPh L_TOT L_TOT V_RP V_RP V_RG V_RG V_HPh V_HPh V_TOT V_TOT

_PRE _POST _PRE _POST _PRE _POST _PRE _POST _PRE _POST _PRE _POST _PRE _POST _PRE _POST
01 31.87 34.89 17.83 18.09 31.08 31.02 80.48 83.99 5.10 10.36 5145 7.10 5.63 8.40 16.29 25.68
02 31.28 27.53 30.37 20.65 22.96 25.56 84.86 73.74 1.77 6.19 0.59 3.55 3.20 2.79 5.94 12.68
03 33.09 29.93 19.72 14.64 42.25 32.20 95.76 76.77 1.40 2.26 3.02 4.42 6.43 4.71 10.81 12.19
04 39.14 27.78 10.67 20.25 32.02 26.62 81.84 74.65 3.82 5.19 2.88 6.63 8.41 6.01 15.31 18.23
05 32.30 26.45 21.20 15.58 28.26 29.66 81.76 71.69 0.60 7.39 3.03 7.27 9.91 9.87 13.13 26.13
06 39.95 36.84 7.61 9.32 26.64 20.42 73.71 66.57 3.72 7.75 1.59 2.79 7.77 4.45 13.10 15.31
07 31.25 31.20 25.26 18.72 23.93 26.38 80.44 76.66 4.59 8.41 2.59 4.03 4.57 7.25 11.89 19.27
08 22.01 22.15 39.23 24.71 28.71 26.41 89.95 74.13 1.71 Zall 6.05 7.57 4.73 3.93 12.50 15.71
09 31.60 30.38 16.68 8.68 30.72 23.87 78.13 62.93 1.70 6.47 2.13 2.66 4.91 10.02 8.51 19.40
10 35.75 16.63 13.01 14.67 31.57 31.78 79.77 63.06 2.24 0.86 1.81 4.05 8.23 11.81 12.24 18.84
11 41.71 30.00 20.85 11.41 29.01 29.58 91.58 70.56 4.82 10.31 2.96 6.14 6.98 17.01 15.03 34.02
12 31.99 27.21 20.43 13.61 26.21 21.77 79.07 62.59 3.03 8.56 2.38 3.20 6.58 5.79 11.86 17.33
13 31.77 26.35 15.11 10.98 24.73 25.04 71.45 62.37 3.73 6.88 1.98 3.14 5.92 8.27 11.73 18.52
14 31.97 23.82 20.04 20.84 27.60 26.80 79.72 71.46 4.23 7.38 2.84 7.07 7.36 8.92 14.37 24.40
15 42.25 36.52 15.45 13.46 32.25 34.11 90.40 84.25 5.56 12.67 5.02 7.70 7.27 10.50 18.02 31.36
16 38.71 38.09 17.35 17.87 33.38 28.69 89.44 84.65 3.02 4.09 1.21 2.06 5.40 6.50 9.69 12.33
17 34.56 27.28 15.26 11.26 33.22 27.28 83.04 65.83 8.95 10.63 7.19 5.64 16.55 9.94 33.04 26.55
18 36.33 24.48 35.02 34.91 15.76 14.97 87.11 74.35 5.68 4.06 2.56 6.44 4.13 2.73 12.33 13.55
19 33.48 27.49 14.03 11.16 35.29 33.48 82.79 71.96 7.62 11.98 2.70 4.61 11.42 16.46 22.11 33.67
20 31.41 27.73 29.82 24.44 36.74 35.25 97.45 86.95 8.89 8.68 3.73 13.91 9.36 15.83 22.13 38.74
Mean 34.12 28.64 20.25 16.76 29.62 27.54 83.94 72.96 4.11 7.21 3.09 55 7.24 8.56 14.50 21.70
Median 32.70 27.63 18.78 15.13 29.87 27.04 82.32 72.85 3.78 7.39 2.77 5.13 6.78 8.34 12.80 19.06
sd 4.66 5.21 8.09 6.40 5.66 4.97 6.84 7.74 2.38 3.16 1.66 2.70 3.01 4.28 5.90 7.97
K-Sp 0.013 0.155 0.030 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.001 0.200 0.200 0.200 0.044 0.018
torWp 0.000 0.012 0.017 0.000 0.000 0.000 0.136 0.000

(Continue in the next page)
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Table III (Cont.). Vertical lengths (in mm), volumes (in mm?3), areas (in mm?), dimensions (in mm) and horizontal lengths (in mm)

Case AR_MIN AR_MIN D-AP_MIN D-AP_MIN D-TV_MIN D-TV_MIN L_PNE L_PNE L-PST L_PST L_MS L_MS L_AIHB L_AIHB

_PRE _POST _PRE _POST _PRE _POST _PRE _POST _PRE _POST _PRE _POST _PRE _POST
01 71.91 142.09 5.04 8.23 16.50 22.78 50.75 63.73 6.86 7.75 69.04 81.40 41.61 45.87
02 0.00 50.29 0.00 4.47 0.00 18.33 37.79 44.89 5.32 5.86 54.27 58.55 31.92 34.41
03 0.00 0.00 0.00 0.00 0.00 0.00 40.37 39.94 6.34 5.20 60.56 73.84 29.57 32.85
04 36.29 111.54 4.69 7.94 10.32 18.04 43.32 43.85 7.12 5.79 64.04 67.70 28.46 27.78
05 0.00 229.19 0.00 8.22 0.00 26.91 38.34 41.49 5.07 4.96 52.58 64.70 24.32 23.71
06 42.80 119.60 6.11 9.98 9.40 14.67 49.55 47.42 6.17 4.88 73.61 72.79 25.70 28.85
07 53.19 168.07 5.91 10.91 8.45 18.63 41.20 47.33 5.32 4.42 75.79 83.79 35.23 34.06
08 26.77 58.41 2.65 5.52 11.50 13.17 42.82 51.24 6.70 7.67 67.94 78.39 42.10 44.14
09 25.99 121.75 2.80 8.25 10.32 18.05 29.79 50.88 5.27 6.08 54.42 77.69 33.36 38.63
10 19.25 1.21 3.83 1.00 6.70 1.10 43.83 56.64 6.40 5.87 63.56 78.70 23.89 32.14
11 32.35 261.75 4.12 7.64 6.87 29.12 36.33 49.88 4.99 5.07 62.11 77.32 30.83 33.80
12 27.20 120.75 4.16 6.54 10.16 18.60 44.16 45.76 6.22 5.44 61.30 69.84 23.54 28.12
13 52.51 210.06 4.92 12.30 13.41 21.24 34.53 45.43 6.41 6.15 64.12 69.84 27.94 28.55
14 73.78 233.50 6.87 11.56 13.75 27.15 47.04 48.74 5.54 4.68 59.21 66.78 25.11 30.20
15 46.25 140.25 4.64 10.86 12.06 14.81 44.20 53.36 5.91 5.29 76.32 86.01 34.98 37.96
16 48.66 61.94 4.11 4.25 12.34 17.02 3291 36.57 5.34 5.17 62.74 68.19 28.48 30.57
17 159.50 313.25 10.57 13.79 20.66 37.14 54.20 53.87 6.28 4.76 79.00 76.66 27.38 29.88
18 33.50 100.50 3.86 5.12 10.61 14.85 33.69 36.81 5.25 4.99 49.46 49.42 13.57 11.33
19 99.18 253.33 574 15.10 21.19 19.76 40.94 52.57 5.43 4.40 67.87 75.56 29.41 29.70
20 61.80 146.64 5.09 5.88 15.48 31.78 32.37 41.02 5.77 5.36 55.19 76.26 20.17 27.71
Mean 45.55 142.21 4.26 7.88 10.49 19.16 40.91 47.57 5.89 5.49 63.66 72.67 28.88 31.51
Median 39.55 131.00 4.40 8.08 10.47 18.47 41.07 47.38 5.84 5.25 63.15 74.70 28.47 30.39
sd 37.09 86.81 2.48 3.95 5.93 8.94 6.55 6.79 0.64 0.91 8.31 8.68 6.73 7.30
K-Sp 0.139 0.200 0.082 0.200 0.200 0.200 0.787 0.990 0.183 0.127 0.532 0.500 0.712 0.033
torWp 0.000 0.000 0.000 0.000 0.030 0.000 0.002

AIHB: antero-inferior hyoid bone. AR: area. D-AP: antero-posterior dimension. D-TV: transversal dimension. HPh: hypopharynx. K-S: Kolmogorov-Smirnov test. L: length. p: significance. MIN: minimum. MS: mental
spine. PNS: posterior nasal spine. POST: post-operatory. PRE: pre-operatory. PST: pre-vertebral soft tissue. RG: retro-glossal. RP: retro-palatal. sd: standard deviation. t: dependent-samples Student’s t test. TOT: total. W:

Wilcoxon signed rank test.
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in the zigomatico-maxillary buttress. Palpable defects could
happen in the mandibular basilar edge. There is also a risk,
especially if there was not pre-operative orthodontics, of
reduced incisor exposure and posterior gummy smile®.

Traditional method of osteotomized maxilla segments repo-
sitioning is by means of occusal spints. Navigator systems and
custom-made guides and plates have been developed in the
last decade. Their utilization could reduce surgical times and
provide better control of the vertical dimension and condyle
position. Absolute certainty is required that the pre-operative
mandibular centric relation records are all right for the design
and manufacture of these custom-made devices. A disadvan-
tage is the greater economic expense they entail. These could
be justified in OSAHS patients, due to the large movements
required, leading to more complex segments stabilization
than conventional orthognathic surgery cases. We perform
the maxilla-first osteotomies with these systems, while we
prefer mandible-first procedures with occlusal splints, so that
the intermediate splint would not be too thick because of the
open bite generated with the CCW”%.

Other complementary procedures with implications in UA
could be performed using the same intraoral approach of MMA.
Septoplasties and turbinectomies aim to improve the air flow
though the nasal cavity. Bone remodeling and widening of the
pyriform aperture could be carried out before completing the
maxillary osteosynthesis, carefully so it is not compromised
the nasal-maxillary buttress and pre-maxilla bone where the
plates and screws will be placed. Genioglossal advancements
and elevated sliding genioplasties (Figure 5), in addition to
improving facial cosmetics, project MS even more by pulling
antero-superiorly the genioglossal and geniohyoid muscula-
ture. These two techniques should always be done after the
MMA is completed. Uvulopalatopharyngoplasties associated
with MMS have velopalatine incompetence risk**. Therefore,
excisions should be very conservative, only in patients clear-
ly with soft tissue excess, always before MMA, and limited
advancement by convex protrusive profiles which are more
frequent in asian or black ethnicities than white-Caucasians?.

In regard to UA morphology after MMA, several studies
have reported quantitatively changes in nasal cavity (NC),
nasopharynx (NPh), RP, RG and HPh. Most promising findings
are located in RP and RG and in relation to the hyoid bone
position'®?!. NC, oral cavity and NPh are left out of account
in our analysis, due to the tremendous anatomical variabil-
ity and complex margin delimitation of these locations. The
main issues are the examinations’ standardization [LTC, CBCT,
CT or magnetic resonance imaging (MRI)], the 3D segmenta-
tion method and the measurements’ acquisition, often poorly
specified and hardly reproducible?. In general, the same ref-
erences are taken for cephalometric diagnosis, movements’
planning and UA measurements: Frankfurt plane, natural head
positioning and true gravitational vertical plane??>. Neverthe-
less, posterior soft tissues contain the UA that could modify
its morphology because of the following cervical spine move-
ments: flexo-extension, translation, rotation and transverse
bending. It is a critical limitation, since although radiological
examinations might be well-standardized, cervical positioning
is not assured. A cranium-facial-cervical positioning mask is a
possible solution, but we have not found any study that works
with it. Other option is to use a 3D landmark (both hard and

Figure 5. Cases 17 (A-D) and 20 (E-H). Cranium-facial
meshes and detail pictures in mid-sagittal slice. Pre-
operative and post-operative, maxillo-mandibular
advancement with counterclockwise rotation, associated to
genioplasty and genioglossal advancement.

soft tissue structures) localization methodology which pro-
vides reliable segmentation and accurate measure of volumes,
cross-sectional areas and linear distances. Previous reports
such as this study use this kind of method, but it is to be men-
tioned ours is with medical CT in supine position while the
others are with CBCT and the patients usually sitting?%.

It stands out the following comparative pre-post-operative
studies in OSAHS patients, with methodologies similar to ours
and consistent with our results too. Faria et al. »* report by MRI
aVincrease of 26.72 % in RP and 27.20 % in RG. The same group
by LTC concludes that each mm of advancement implies a RP
gain of 0.76 mm and a RG one of 1.20 mm; and also reports a
more superior hyoid bone position. Zinser et al.? using CTs
present significant results of: UA shortening, V increase, more
elliptical shape and more antero-superior hyoid bone posi-
tion. The greater impact is in RP, RG and minimum AR loca-
tion. Schendel et al.® report significant data of V increases
of x2.5 overall, x3.5 in RP and x1.5 in RG; and more elliptical
architecture. UA shortening and hyoid bone elevation are not
significant.

Some authors do an attempt to correlate and quantify the
amount of planned advancement in direct relation with the L,
V, AR and D changes®?2, Although it could be of great inter-
est, it was not considered in our series. Many individual ana-
tomical particularities are involved and each patient’s plan-
ning is unique. Furthermore, the real bone movements rarely
are exactly the planned ones, even with customized systems
and especially in the mandible. We think a greater number of
patients should be recruited to perform that kind of analysis
and extra caution should be taken in its interpretation inas-
much as the morphing estimation of soft tissues in the face
and UA with dental-osseous repositioning is not clearly estab-
lished’®.
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Other structures rather than UA could be 3D segment-
ed, studied and compared in OSAHS patients, such as the
upper-maxilla, mandible, even soft tissues (tongue, soft pal-
ate or PST) knowing their meshes are less accurate than
air or bone ones. Dynamic imaging, differentiating supine
versus non-supine positioning and even wakefulness versus
induced-asleep status, could provide more valuable infor-
mation regarding the collapsibility. Due to the huge amount
of CBCTs are performed nowadays to carry out dental and
maxillofacial clinical evaluations, a specific 3D radiological
measurement package beside physical examinations (BMI
specially), could suggest high OSAHS risk before symptoms
appear, as a complementary tool to sleepiness question-
naires'1922,

Although AHIs are not in normal range, all patients in
our series describe in the clinical interview decreased snor-
ing, improvement of daytime sleepiness and well-function-
ality at working time. Our study only compares PSG and
CT in the short-term post-operative timing as a limitation.
However, OSAHS is a chronic disorder and requires per-
sonalized multidisciplinary management with long-term
follow-up. MMA provides quality of life with clinical fea-
tures’ improvement and morbidity reduction, but does not
cure the syndrome. After MMA there seems to be skeletal
stability over time, but it is not well established in terms
of soft tissues and clinical symptoms, which tend to recur,
inherent to aging'2®.

CONCLUSIONS

The MMA with CCW technique for the treatment of moder-
ate-severe OSAHS patients, due to the anterior maxilla reposi-
tioning and the antero-superior mandibular projection, has a
high success rate in short-term follow-up. It achieves overall
AHI < 15 in 80 % and minimum SPO2 > 85 in 75 % of our series.
The largest possible advancement and rotation are planned,
taking into account occlusal, bone, soft tissue and cosmetic
limitations. UA anatomical changes after MMA statistically
significant and clinically relevant are shortening and total
V increase, mainly due to the RP compartment, which is the
most collapsible location. Minimum AR triples, UA shape is
more elliptical and the hyoid bone moves to a more antero-
superior position. The stability of these morphological and
clinical changes in the long-term follow-up is yet to be deter-
mined. More patients will continue to be recruited for this
study.
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