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13Oropharyngeal Development Through 
Dental Orthopedics and Orthodontics

William M. Hang

Abbreviations

CPAP Continuous positive airway pressure
DSA Dental sleep appliance
OSA Obstructive sleep apnea
TAD Temporary anchorage devices

13.1  Why Do We Have a Problem?

The apparent epidemic of obstructive sleep apnea (OSA) which is occurring in all 
industrialized countries should not come as a surprise. Many in the sleep commu-
nity routinely cite the increase in obesity rates over the last three to four decades as 
the cause of this epidemic [1–7]. There is no question that obesity is a factor. 
However, focusing on obesity causes us to ignore a more obvious issue that is a real 
problem. Our change in lifestyle since the advent of agriculture, and, particularly 
since the industrial revolution, has resulted in changes to the human face. Faces no 
longer grow forward the way they did prior to our adoption of a Western diet. Mew 
describes a hypothetical Paleolithic profile and compares it with two commonly 
used cephalometric norms (Steiner and McNamara) [8]. Both these norms have 
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both the upper and lower jaws substantially recessed from the Paleolithic norm. The 
Steiner norm is perhaps 6–8 mm. recessed in the maxilla alone. The point is that our 
faces are substantially further back from where they were a few thousand years ago. 
With the maxilla back, the soft palate which attaches to it is also recessed. With the 
mandible back, the tongue which attaches to it is also back. The airway in the region 
of the soft palate and tongue is most prone to collapse and closure.

Remmers states that “…a structural narrowing of the pharynx plays a critical role 
in most, if not all, cases of OSA” [9]. Essentially, he is saying that OSA would not 
exist if both jaws were forward in the face. The narrower the airway, the faster the 
air has to flow to get the same volume of air into the lungs. This rapid airflow goes 
over the curved surface of the tongue and/or soft palate producing a negative pres-
sure (Bernoulli principle). The smaller the airway, the easier it is for this negative 
pressure to cause the tongue and/or soft palate to close and completely occlude the 
airway when the muscles are relaxed during certain sleep stages. The size of the 
airway is not diagnostic of OSA, but the incidence of OSA is much greater with 
diminished airway size [10].

13.2  Facial Changes from Lifestyle Changes of Agriculture 
and Industrialization

Weston Price toured the world in the 1930s and noted a dramatic change in dento-
facial structures in populations in the space of one generation. He noted the dra-
matic increase in dental caries but also reported on the production of malocclusions 
in children of parents with normal faces, no malocclusions, and low caries rates. 
The one common factor in all the societies he studied was adoption of a Western diet 
with refined flour, sugar, and pasteurized milk [11].

Catlin had observed essentially the same phenomenon as he described differ-
ences between Caucasians vs. Native Americans in the 1830s. He described the 
open-mouth posture of the Caucasians vs. the lip-together oral posture of the Native 
Americans and made a passionate plea for people to keep their lips together and 
breathe through their noses in his book first published in 1860. His illustrations 
clearly show the facial changes of both jaws falling back in people whose mouths 
are constantly open at rest. He further observed big differences in childhood mortal-
ity and overall disease rates between Caucasians in the Eastern USA to the Native 
Americans in the Western USA. He described the Native Americans as overall much 
healthier than the Caucasians [12].

Pottenger experimented with two groups of cats and fed each group the exact 
same food. The first group was fed raw meat and unpasteurized milk. The second 
group was fed cooked meat and pasteurized milk. The cats in the second group 
were smaller skeletally, and within three generations many could not repro-
duce [13].

Corruccini has spent his career investigating the differences in skeletal struc-
tures of humans based on differences in their diets. Studying genetically similar 
populations in India, he noted the more rural groups had better teeth and better 

W. M. Hang



329

developed faces than their urban relatives. He felt the differences were likely 
diet related with the rural group eating more raw food which required more 
chewing [14].

Lieberman’s book The Evolution of the Human Head outlines how faces in mod-
ern society have fallen back dramatically relative to our ancestors. He speculates the 
reason is our eating softer, more processed foods relative to our ancestors [15].

Harvold’s monkey studies showed how facial growth is caused to be more verti-
cal (less forward) with alteration in the airway. He plugged the noses of normally 
growing, nasal-breathing monkeys making them obligate mouth breathers. He noted 
vertical growth changes with longer faces and more recessed jaws. It is hard not to 
draw parallels between what happened to Harvold’s monkeys and what occurs in 
growing children living today in industrialized countries [16].

The changes these investigators have noted clearly result in many people today 
having faces which have not grown as far forward as those of our ancestors. 
Therefore, airways are smaller as a result, and the OSA epidemic is not surprising.

13.3  Example of Face Falling Back with Growth

The patient in Fig. 13.1a–c illustrates how the lower face falls back with altered rest 
oral posture. The cheeks appear flatter as the maxilla drops back in the face and the 
mandible also drops back. The soft palate is attached to the maxilla and can be 
expected to fall back along with the maxilla. The tongue is attached to the mandible 
and will fall back as the mandible fails to grow forward properly. With minor excep-
tions one can expect that the airway will be reduced as a result of the maxilla and 
mandible failing to achieve its genetic potential for forward growth.

The facial changes illustrated by this example are not unique, but have actually 
become the norm to one degree or another. The changes occur slowly as growth 
proceeds so that most parents are unaware anything negative is happening. By the 
time children graduate from high school, many have noses which appear large 
because the maxilla has fallen back and the mandibles are recessed massively from 
where they should have been had growth proceeded according to the genetic plan.

Fig. 13.1 (a, b, and c) The results of poor rest oral posture with the maxilla and mandible both 
falling back relative to the Bolton norm superimposed on the glabella and soft tissue nasion. 
Growth patterns like this are, unfortunately, completely normal in all industrialized countries
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The impact that such falling back of the face has on the size of the airway has not 
made it into the mainstream growth and development literature. Orthodontists con-
sider themselves the stewards of growth and development, and yet many articles are 
published in the journals without showing lateral head X-rays or any concern for the 
airway. Gelb has brought attention to the importance of the airway and has coined 
the term “Airway Centric™” to bring attention to the importance of airway in diag-
nosis for all dental patients [17].

13.4  What Is Commonly Recommended for OSA 
in the Orthodontic Literature?

Low tongue rest posture results in the maxilla narrowing [8]. Orthodontists often 
notice posterior crossbites and/or crowding of the teeth as reasons to expand the 
maxilla to correct these problems. More recently an awareness of OSA and a pos-
sible role for orthodontics in its treatment has emerged. The most common reaction 
in the orthodontic community is to expand the maxilla (laterally) as a solution for 
OSA [18–20]. Indeed, this can help by creating more space for the tongue to be 
properly positioned upward in the palate at rest. Expansion of the maxilla laterally 
can be successful, but results are, by no means, a panacea.

Outcomes of such expansion can be dramatically improved if expansion is fol-
lowed by myofunctional therapy to train the tongue to be firmly against the palate at 
rest. Combining expansion and myofunctional therapy can be helpful in eliminating 
OSA [21, 22].

An example of the need for myofunctional therapy is illustrated with the fol-
lowing case. Figure 13.2a–c shows the case of a male who underwent traditional 
orthodontics to widen the maxilla as well as maxillomandibular advancement sur-
gery in his mid-teens to open his airway, normalize facial balance, and eliminate 
his snoring problem. The surgery was a total success. He was told to wear his 
retainers full time for a year and night time forever. He was also instructed in the 
importance of adopting proper rest oral posture. Proper rest oral posture means 
having teeth together lightly, the tongue firmly to the palate with the tip at the 

Fig. 13.2 (a) Patient with teeth aligned ready for orthognathic surgery. (b) Patient post-ortho and 
orthognathic surgery. (c) Patient after 5 years with no retainer with the maxilla and mandible nar-
rowed and incisors beginning to crowd due to low tongue rest posture
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incisive papilla, and the lips together without strain breathing through the nose. 
This patient did not adopt proper rest oral posture and stopped wearing his retain-
ers 5 years prior to the last picture. The teeth crowded again as the width of the 
maxilla collapsed dramatically due to his low tongue rest posture. Such a collapse 
of the maxilla also narrows the nasal airway, increasing resistance to airflow 
affecting his ability to breathe.

Lateral expansion of the maxilla even if retained is relatively limited in its ability 
to solve airway problems since it ignores the fact that both the soft palate and tongue 
are distalized in the face. Increases in the airway are limited as long as the antero-
posterior plane of space is ignored. Lateral expansion should be viewed as a nice 
start in trying to address the OSA problem.

13.5  What Should Be the Focus of Orthodontics in Treating 
the Airway?

Some resolution of sleep apnea may be realized with lateral expansion, but our 
experience is that much bigger improvements can be achieved working in the 
anteroposterior plane of space. Remmers comments focus on the anteroposterior 
plane of space [9]. Mew indicates that the very first thing to change in every maloc-
clusion is that the upper anterior teeth fall back from their ideal positions upward 
and forward [8]. Combining lateral expansion with forward development of the 
upper and lower jaws appears to give the patient the greatest chance of success in 
avoiding OSA or eliminating existing OSA.

13.6  Orthodontics Traditional Focus on the Anteroposterior 
Plane of Space

Angle’s classification of malocclusion is focused entirely on the anteroposterior 
plane of space. One might, therefore, assume that angle classification might be very 
useful in the diagnosis and treatment of OSA problems. Nothing could be further 
from the truth. Reliance on an angle classification is to be strongly discouraged. 
Angle Class I occlusions are supposedly “normal” jaw relationships. Normal, in this 
case, can often mean “normal” relative to each other, but not to the face. The teeth 
can, and often do, fit together nicely with each other, but the teeth exist in a face 
with both jaws massively recessed to the point that the patient has OSA.

The patient illustrated in Fig. 13.3a–c had a perfect Class I occlusion and a very 
compromised airway. Her chin was forward only because she had a chin implant. 
Her airway was dramatically reduced with an OSA diagnosis result. Her BP (with 
meds) was 179/121 prior to her undergoing maxilla-mandibular advancement sur-
gery to resolve a severe case of OSA. Her BP 7 weeks after surgery (without meds) 
was 128/89. She had a Class I occlusion before the surgery and after the surgery. 
The difference after the surgery was that both jaws were forward where they were 
meant to be.

13 Oropharyngeal Development Through Dental Orthopedics and Orthodontics
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Fig. 13.3 (a) Patient with perfect Class I occlusion (with genioplasty) prior to orthognathic sur-
gery for OSA. (b) Post-orthognathic surgery for OSA. (c) Airway in lateral and cross-section view 
pre- and post-orthodontic and orthognathic surgery for OSA BP 179/121 (with meds) prior to 
surgery and BP 128/89 (no meds) 7 weeks post surgery

Fig. 13.4 (a) Adolescent male with Class II deep bite malocclusion and large overjet with both 
jaws massively recessed from ideal position in the face. (b) Bolton norm superimposed on the 
glabella and soft tissue nasion shows maxilla and mandible severely recessed in the face. Patients 
with this degree of lack of forward growth of both jaws are not uncommon in all industrialized 
societies

Angle Class II relationships were studied by McNamara in 1981 [23]. The lay 
public, and most of the dental profession will view anyone with a Class II malocclu-
sion as having “buck teeth” which essentially implies that the upper teeth protrude 
in the face. McNamara actually found that the upper teeth in Class II patients were 
more likely too far back than too far forward. Indeed, he found that maxillary pro-
trusion was relatively rare in Class II patients and that mandibular retrusion was the 
most common characteristic. Mew’s assessment, which looks at the lower face in 
relationship to the nose and/or forehead, actually finds that the maxilla in Class II 
patients is virtually always too far back [8]. Figure 13.4a and b shows an adolescent 
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male with a Class II Division 1 malocclusion, a very large overjet, and overbite to 
the palate. The Bolton norm superimposed on the glabella and soft tissue nasion 
shows both jaws massively recessed from proper positions in his face. With the 
maxilla and mandible both recessed in Class II patients, it follows that the airway 
behind both the soft palate and the tongue is reduced in size.

Figure 13.5a–c shows a 55-year-old female who had previously undergone sur-
gery to advance only her mandible to correct her Class II malocclusion. Her lateral 
head X-ray shows an airway with a minimal x-section of 40.8 mm2. A PSG con-
firmed her moderate OSA. The Bolton norm superimposed on the glabella and soft 
tissue nasion shows both jaws still substantially recessed from a more ideal position 
where her airway might naturally be much larger. The point is that her Class II 
occlusion was treated to a Class I occlusion, but she still suffers from OSA because 
her mandible was brought forward to meet her recessed maxilla. Had her maxilla 
and mandible both been advanced, her airway would have opened massively, 
increasing the probability of eliminating her OSA. Virtually every Class II patient 
who undergoes surgery should have both the maxilla and mandible advanced.

Angle Class III patients are defined as having the lower molars forward of where 
they would fit with the upper molars with the focus being on the teeth themselves 
(without reference to the face). Most in dentistry, and even many orthodontists, 
assume that Class III malocclusions are associated with overgrowth of the mandi-
ble. In fact, such is rarely the case. The maxilla is almost always recessed in Class 
III cases [24]. In addition, even though the mandibular teeth are in front of the max-
illary teeth, the mandible is almost always recessed in Class III patients! The airway 
reduction in such patients can be dramatic. Figure 13.6 shows a 19-year-old male 
with a Class III malocclusion with both jaws recessed from an ideal location.

Figure 13.7 shows a 56-year-old male who had surgery for a Class III malocclu-
sion approximately 30 years earlier. The surgery performed was a one-jaw proce-
dure to set the mandible back. Such treatment was accepted at the time when tongue 

Fig. 13.5 (a) Patient had previously undergone surgery to advance mandible to correct Class II 
occlusion. This surgery did not include advancement of the maxilla, so the mandible was advanced 
to a pre-existing recessed maxilla. (b) Patient with Bolton norm superimposed on the glabella and 
soft tissue nasion shows both maxilla and mandible still severely recessed from ideal positions. (c) 
Airway is completely inadequate (minimal x-section of 40.8 mm2), and the patient still suffers 
from OSA
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Fig. 13.6 Patient with severe Class III malocclusion and both maxilla and mandible both mas-
sively recessed from Bolton norm superimposed on the glabella and soft tissue nasion. Class III 
patients rarely have mandibles which protrude in the face. Most Class III patients have both jaws 
recessed from ideal positions

Fig. 13.7 Patient underwent surgery for Class III malocclusion to set mandible back 30+ years 
prior. Lateral head X-ray shows reduced airway as a result of mandibular setback which contrib-
uted to OSA

space and airway were not considered. He came to us because he suffered from 
OSA.  His lateral head X-ray shows his reduced airway which had been made 
smaller by the previous surgery. He underwent successful double-jaw surgery to 
advance both jaws to eliminate his OSA.

These examples show that reliance on the angle classification of malocclusion is 
absolutely meaningless and provides us no clue as to what is really happening with 
either the airway or facial balance. OSA can be present in all angle classes, and the 
classification is useless in helping us decide on a treatment regimen to deal with the 
OSA. Good facial balance is not dependent on any angle classification. Treatment 
must be focused on optimizing both facial balance and the airway no matter the 
classification. The teeth become secondary in treatment planning.
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13.7  Tools to Evaluate Jaw Position to Optimize Facial 
Balance/Airway

Traditional cephalometric analyses have been used in orthodontic diagnosis since 
the advent of the lateral head X-ray. Virtually all measurements in these analyses 
focus on hard tissue landmarks of the bony structures and are made on averages of 
large populations of patients. As such, they are merely describing an average posi-
tion of jaw structures in patients whose faces have all been adversely affected by 
growing up in an industrial society as noted above [11–15]. They are absolutely 
useless in analyzing faces to optimize facial balance since few in our society have 
optimal facial balance.

There are three simple tools to analyze faces in treatment planning which are 
useful in achieving better-looking faces with larger airways. The first is the indicator 
line as proposed by Mew [8]. Figure 13.8 shows how this is measured. It is a clinical 
measurement from the tip of the nose to the incisal edge of the upper central incisor. 
In a growing female, it should ideally be 21 mm. plus the patient’s age in years. In 

Fig. 13.8 Mew “indicator line” for ideal 
placement of upper incisors in the face. 
Female norm 21 mm plus patient’s age in 
years—adult female ideal 36–40 mm.  
Male norm 23 mm plus patient’s age in 
years—adult male ideal 38–42 mm
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Fig. 13.9 Patient underwent surgery to advance maxilla and mandible. Indicator line measure-
ment ideal for adult female and Bolton norm superimposed on face shows ideal placement of both 
jaws. Airway is a massive 20 mm

a growing male, it should be 23 mm. plus the patient’s age in years. In adult patients 
the ideal range is 36–40 mm. for a female and 38–42 mm. for a male.

Figure 13.9 shows a female with an ideal indicator line and a 20 mm. airway cre-
ated by orthognathic surgery. Few people have faces as forward as this patient and 
20 mm. airways are equally rare.

Mew notes that the very first thing to change in all malocclusions is that the 
maxillary anterior teeth fall back increasing the indicator line measurement [8]. The 
larger the deviation from the ideal indicator line, the less balanced the face and usu-
ally the smaller the airway. This is irrespective of classification of malocclusion as 
noted above. This single measurement can be extremely helpful in screening for 
possible OSA.

The second measurement is the nasolabial angle illustrated in Fig. 13.10. The 
range for this number is 90–110 degrees with the ideal being 100 degrees. It is 
another way to determine the proper position of the maxilla. Faces with nasolabial 
angles larger than 110 degrees become progressively less attractive as the number 
gets larger. Retractive orthodontics, with or without extractions, can make this num-
ber dramatically larger with obvious negative effects on the airway as the number 
gets larger. Patients with Class II malocclusions and large overjets almost always 
have nasolabial angles on the high side of this range as illustrated by the patient in 
Fig.  13.11. This is just further evidence that the maxilla in Class II patients is 
recessed from an ideal position.

The third measurement tool used in helping us optimize facial balance and air-
way is the facial contour angle illustrated in Fig. 13.12. The norm is −11 degrees 
from a straight line. The larger this negative number, the more the mandible is 
recessed. In general, one can expect that the airway will get progressively smaller as 
this number gets larger. Figure 13.13 shows a patient with a facial contour angle of 
−28 degrees, a small airway, and severe breathing problems.
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Fig. 13.10 Nasolabial angle, ideal range 
90–110 degrees with 100 degrees ideal. 
Numbers larger than this range indicate 
recessed maxillas

Fig. 13.11 Patient with 
Class II Division 1 
malocclusion,10 mm. 
Overjet and 135-degree 
nasolabial angle showing 
maxilla severely recessed
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Fig. 13.12 Facial contour 
angle shows the position of 
the mandible in the face. 
The norm is −11 degrees 
with a standard deviation 
of ±4 degrees

Fig. 13.13 Patient has Class II malocclusion with moderate overjet. Facial contour angle of −28 
degrees indicates severely recessed mandible
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Using the above three guidelines in evaluating faces provides the practitioner 
easy-to-use tools to evaluate and plan treatment for optimizing facial balance and 
airway health. In summary, anything which results in the maxilla and mandible 
being more forward in the face can be expected to bring both the soft palate (con-
nected to the maxilla) and the tongue (connected to the mandible) forward, thereby, 
increasing the airway volume and decreasing the probability of collapse dur-
ing sleep.

13.8  Retraction Reducing the Airway

Extraction of teeth with subsequent retraction has been shown to decrease the 
size of the airway [25–27]. It is critical for dentists to understand the possible 
effects of any form of retraction. The first question we must ask is “Is it possible 
to retract enough to produce OSA?” If we accept that it is possible to retract teeth 
enough to produce OSA logic dictates that we ask the next question which is 
“How far can one retract before producing an airway reduction large enough to 
result in OSA?” I know of no one who has been able to answer that question. The 
final question is obvious. “If you do not know where safe retraction becomes 
unsafe retraction, how can you retract at all?” If one accepts the logic of this 
argument, it would seem that traditional orthodontic approaches which retract 
must be stopped.

13.9  Practical Application of Treatment to Optimize Facial 
Balance and Airway Size in Varying Ages and Situations

It is not the purpose of this article to dictate treatment plans but to outline treatments 
which have been helpful in optimizing facial balance and airways. An obvious gen-
eral rule is that treating at the earliest possible time has the best possibility of opti-
mizing facial balance and airway health.

It is also important to remember that nothing which retracts the upper front teeth 
or restricts the forward growth of the lower face is appropriate at any time. This 
would include the use of headgears which have a goal of restricting maxillary 
growth. It would also include anything with a headgear effect. All the so-called 
functional appliances and early treatment preformed can have a headgear effect 
[28–30]. Class II elastics are routinely used in traditional orthodontics to reduce an 
overjet in a Class II patient and produce a Class I occlusion. Unfortunately, Class II 
elastics retract the maxillary anterior teeth and cannot be a part of any treatment 
concerned with facial balance and airway.

Even closing generalized spacing between the teeth can retract the teeth and 
reduce the airway. Such space closure must be accomplished in such a way that 
there is no retraction or reduction in the airway. Figure 13.14 shows an adolescent 
where generalized spacing was closed in the anterior, but no retraction was done. 
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Fig. 13.14 Patient with generalized spacing in the upper and lower arches has spacing closed in 
the anterior without retraction. Spaces have been consolidated between the second bicuspid and 
first molar teeth in all four quadrants. Spaces are large enough to be easily cleaned and are not 
food traps

The generalized spacing was consolidated distal to the second bicuspids where it is 
not obvious. Such spaces can be left alone or can be closed by over contouring the 
adjacent teeth with composite resin.

13.10  Treatment in the Primary Dentition

Gozal indicates that 2–3% of children have OSA, and this number is growing. 
Harper shows that brain damage can result from even one night of OSA in a young 
child [31]. Cooper describes the relationship between airway/breathing/OSA issues 
in African-American children and its impact on many who simply cannot read due 
to the damage their brains have already endured by the time they enter first grade 
[32]. Given these facts it is imperative to eliminate the OSA problem as soon as 
possible. This includes treating patients who have primary teeth. The patient illus-
trated in Fig. 13.15 was 5 years old and referred to us by a pediatric sleep specialist. 
The child was diagnosed with Pierre-Robin sequence, OSA, and failure to thrive. 
We did not promise a result but outlined Orthotropic® treatment developed by Mew 
as an effective method of developing both the maxilla and mandible forward.

The maxilla was expanded laterally and anteriorly using a removable appliance 
(Hang Expancer™). The anterior development was augmented by a reverse pull 
face mask. The maxillary anterior teeth (as noted by the indicator line measure-
ment) were brought forward 7 mm in approximately 5 months. The mandible was 
brought forward after the development of the maxilla using a Stage III Biobloc 
according to the protocol outlined by Mew [8]. Many so-called functional appli-
ances posture the mandible forward. They also produce a headgear effect which 
retracts the maxilla because there is nothing to prevent the patient from allowing 
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Fig. 13.15 Patient 
presents with pediatric 
OSA, Pierre-Robin 
Sequence, and failure to 
thrive

Fig. 13.16 Mew Stage III 
Biobloc “postural” 
appliance with extensions 
to the floor of the mouth. 
Extensions are adjusted 
with plastic material to 
engage the floor of the 
mouth, prevent the 
mandible from falling 
back, and eliminate the 
“headgear” effect of 
“functional” appliances

their mandible to fall back and pull the maxilla back. The Stage III and IV Biobloc 
appliances used in Orthotropics® as defined by Mew have acrylic extensions to the 
floor of the mouth which will engage the mandible and make it uncomfortable for 
the patient to allow the mandible to fall back. Figure 13.16 shows a Mew Stage III 
Biobloc appliance. These extensions are adjusted to keep the patient held tightly in 
an ideal bite position at rest and prevent the patient from putting pressure on the 
maxilla. By eliminating the headgear effect forward, development of both jaws is 
allowed to occur. Over time the mandible assumes this more forward position and 
will not fall back. A sleep test done for the patient after the mandible was developed 
forward and showed complete elimination of the OSA problem. The improvement 
in the airway size is noted in Fig. 13.17.

The results of a study of consecutively treated Orthotropics® patients has con-
firmed excellent airway improvements are achievable with both lateral and 
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Fig. 13.17 Pre- and posttreatment airways for patient in Fig. 13.15. Pre-treatment OSA was elim-
inated post-Orthotropic® treatment

anteroposterior forward development of both arches [33]. Indeed, a 31% airway 
increase was noted at the level of the palate, a 23% increase at the base of the 
tongue, and a 9% increase in the area of the laryngopharynx.

Treatment in the primary dentition has not been commonly done because his-
torically the focus of orthodontics has been on straightening teeth. The focus on 
teeth must be changed to a focus on optimizing facial balance and airway devel-
opment. The teeth must be viewed as a convenient handle to the cranial bones 
which make up the face. The earlier we treat, the better—even in the primary 
dentition.
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13.11  Treatment in the Early Mixed Dentition

The patient in Fig. 13.18a–c began treatment at age 8 years when the four per-
manent maxillary anterior teeth were erupted into the mouth (standard time for 
Orthotropics®). Her maxillary anterior teeth were advanced 8  mm, while the 

Fig. 13.18 (a) An 8 years and 3 months old with deep bite and end-to-end Class II occlusion, 
maxillary anterior teeth 8 mm too far down and back in the face. (b) An 8 years and 7 months old 
in the middle of Orthotropic® treatment with massive lateral expansion of the maxilla, 8  mm 
upward and forward advancement of six maxillary anteriors, and lower arch leveled to a near flat 
occlusal plane as per Orthotropic® protocol. (c) A 10  years and 3  months old patient after 
Orthotropic® treatment with ADAPT-LGR™ appliance to develop mandible forward and correct 
poor rest oral posture
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Fig. 13.18 (continued)

Fig. 13.19 Note the dramatic profile and airway improvements for the patient in Fig. 13.18a, b, 
and c. 13.1 mm2 minimal X-section (high risk for OSA) becomes 186.1 mm2 minimal X-section 
(low risk for OSA) after Orthotropics®

width of her maxillary arch was dramatically increased to over 40 mm (at the 
first molars) from a number in the low 30s. Her mandible was then brought for-
ward with an ADAPT-LGR™ (similar to a Stage IV Biobloc) which has exten-
sions to the floor of the mouth and no headgear effect. By first advancing the 
maxilla and then advancing the mandible, the entire lower face can be brought 
forward. This enhances both facial balance and optimizes airway development 
as the soft palate and tongue move forward with the maxilla and mandible. The 
airway improvement in this case is dramatic as shown in Fig. 13.19. This child’s 
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mother reported that she has more energy, is more outgoing, and is now two 
grades ahead of her classmates in most subjects. Her mother attributes a good 
portion of this change to the dramatically improved airway and better sleeping 
pattern.

13.12  Treatment in the Permanent Dentition

The traditional time for wearing braces is generally in the very early teenage years 
when all the permanent teeth have erupted and can be aligned easily. Unfortunately, 
the grand majority of facial growth has already occurred, and trying to get both the 
maxilla and mandible to develop further forward is nearly impossible. Johnston 
compared traditional orthodontics with headgear and braces with “functional” 
appliances which purported to “grow the mandible” in the 1980s and concluded that 
both groups had a “moderate mid-facial dentoalveolar retrusion” [34]. No mention 
was made in this article that the resulting lack of forward growth of the lower face 
might impact health through reduced airway increasing the chances of OSA, UARS, 
or any other airway-related problem. Current evidence suggests that there is cause 
for concern.

Many efforts have been made to develop the mandible forward in children who 
are still growing and are of the traditional age to wear braces. The Herbst appliance 
was developed in Germany in the early 1900s and enjoyed a surge of interest in the 
USA in the early 1980s. The literature is pretty clear that there is very little forward 
development of the mandible and a pronounced headgear effect [28]. The bottom 
line is that there is very little forward development to be expected because there can 
be a headgear effect. Many other approaches have been proposed such as the MARA 
appliance, Forsus, Twin Force Bite Corrector, Jasper Jumper, etc. All can be effec-
tive in correcting a Class II malocclusion to a Class I occlusion. However, there does 
not appear to be dramatic improvement in achieving forward growth of the maxilla 
and mandible resulting in airway increases.

In a Class II situation, the treating doctor who wants to optimize facial balance 
must consider a surgical approach to advance both jaws to more ideal positions in 
the face. When the discrepancy is severe and OSA is already present, this may well 
be the only effective approach. For many reasons most orthodontists will try to do 
anything to avoid subjecting the patient to surgery. The traditional orthodontic 
approach to avoid surgery is to remove the maxillary right and left first bicuspid 
teeth and retract the anterior teeth to produce Class I cuspids and ideal incisal guid-
ance. Unfortunately, this treatment approach can have negative consequences on 
both facial balance and the airway.

There may be an alternative treatment approach for the Class II patient who is 
not severely retrognathic. The overjet can be reduced by advancing the lower ante-
rior teeth and creating space between the bicuspid teeth (or elsewhere in the lower 
arch) using a removable appliance. Once the lower anterior teeth are advanced, the 
posterior teeth can be brought forward and the space closed by using temporary 
anchorage devices (TAD) as anchorage. The case in Fig. 13.20a–d illustrates this 
treatment. This patient started treatment at the age of 12 years and 10 months, with 
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Fig. 13.20 (a) Male patient (10 years and 9 months) with end-to-end Class II deep bite malocclu-
sion. (b) Male patient (13 years and 5 months) in the midst of the treatment with lower sagittal 
appliance opening spaces between permanent bicuspid teeth to advance lower anterior teeth. (c) 
Male patient (14 years 10 months) in full braces with TADs placed between the lower cuspids and 
first bicuspid teeth. Elastic chains from TADs to the first molars bring molars forward to close the 
spaces created by the sagittal appliance. (d) Male patient (17 years and 8 months) more than a year 
posttreatment. The entire lower dentition has been moved forward to eliminate overjet. Note no 
gingival recession
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a sagittal appliance to advance the lower anterior teeth. After approximately 
7 months of appliance wear, the lower anterior teeth were sufficiently anteriorized 
to reduce the overjet and open the bite. Braces were placed on the teeth for align-
ment. TADs were placed after approximately 2 years of treatment. Elastic chains 
from the TADs to the molars brought the molars forward. Another 14 months of 
treatment were required to completely close the spaces. Effectively this treatment 
brought the entire lower dentition forward on the mandible without changing the 
position of the mandible itself. The airway improvement resulting from this treat-
ment as well as substantial bone on the labial aspect of the teeth is shown in 
Fig. 13.21.

Fig. 13.20 (continued)
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Fig. 13.21 Patient in Fig. 13.20a–d had 60.2 mm2 minimal x-section (moderate risk for OSA) 
which became 150.4 mm2 minimal x-section (low risk for OSA) posttreatment. Note substantial 
bone on labial aspect of lower incisors posttreatment. Incisor advancement did not cause bone loss 
or recession as orthodontists are taught

Advancing lower anterior teeth in this fashion is not considered the standard of 
care in the community and is generally thought to risk recession and possible loss 
of lower anterior teeth. This general feeling still is pervasive in the orthodontic com-
munity despite a complete absence of published reports of such treatment ever caus-
ing problems. It also ignores the refereed literature which confirms that it is not a 
problem to substantially advance lower anterior teeth [35–41]. This treatment 
approach should be considered as an excellent way to resolve an overjet without 
retracting the upper anterior teeth when treatment to develop the entire lower face 
forward with Orthotropics® is too late or not to be considered because of expected 
poor patient compliance. It should not be done for patients who have significantly 
recessed chins.

13.13  Missing Lateral Incisor Teeth in Adolescents

Congenital absence of lateral incisor teeth is certainly not uncommon. Its treatment 
has been the subject of much controversy for many years. Prior to the advent of 
implants, the focus was largely on closing the missing lateral incisor spaces to avoid 
preparing virgin teeth for a bridge. Implants changed that discussion when the adja-
cent teeth no longer needed to be prepared for bridges. There is still a lot of contro-
versy in treating this problem with many still happy to remove the other lateral 
incisor which often is a peg lateral and close both spaces. The intimation is that the 
“cuspid teeth will be brought forward in the face.” Anchorage considerations of the 
roots of all the teeth involved render that statement almost preposterous. The result 
of such space closure is almost always significant retraction of the two central inci-
sor teeth with a very unaesthetic increase in the nasolabial angle. The patient in 
Fig. 13.22 (shown here as an adult) was missing an upper lateral incisor and had a 
peg lateral incisor on the contralateral side as an adolescent. The peg lateral incisor 
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Fig. 13.22 This patient 
exhibits severe flattening 
of the entire maxilla and a 
very recessed mandible. 
The nasolabial angle is 140 
degrees (100 degrees is 
ideal)

Fig. 13.23 A 55-year- 
and-2-month-old male 
treated as child for missing 
lateral incisors with 
“canine substitution”

was removed as well as the lower second bicuspid teeth and all spaces were closed 
with retraction. Her nasolabial angle is approximately 140 degrees when a number 
of 100 is considered ideal. It has been shown that such retraction can also change 
the direction of growth of the lower face in a formerly forward-growing face [42].

It is particularly tempting for orthodontists to close missing lateral incisor spaces 
when the patient is Class II. A very common treatment approach for Class II patients 
with all their teeth is to remove the upper first bicuspids and retract the six anterior 
teeth to produce Class I cuspids. It is an easy transition from this thinking process 
to close the missing lateral incisor spaces and retract the centrals. The goal for the 
orthodontist is to reduce the overjet. Almost always this will be done at the expense 
of the face and the airway. Figure 13.23 shows the face of a 55-year-old male whose 
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Fig. 13.24 Patient in 
Fig. 13.23 with Bolton 
norm superimposed on the 
glabella and soft tissue 
nasion. The maxilla and 
mandible are severely 
recessed. Thirty-five- 
degree backward tilt of the 
forehead from vertical 
(should be vertical) keeps 
chin forward and maintains 
airway

missing lateral incisor spaces were closed by “canine substitution” when he was an 
adolescent. The retraction of his teeth resulted in a severe lack of forward develop-
ment of his entire lower face. The Bolton norm superimposed on his face in 
Fig. 13.24 illustrates just how far back both jaws are from the normal. He uncon-
sciously tips his forehead back which positions his lower face forward to open his 
airway. He has OSA and suffered a stroke in his early 50s. Since 65–80% of all 
stroke patients suffer from OSA [43], it seems likely that the retraction of his face 
which occurred with the space closure contributed to his OSA and his stroke.

The following case illustrates an alternative to closing the spaces. This 10-year- 
and-9-month-old male in Fig. 13.25a and b had a missing upper left lateral and a peg 
right lateral. He had received another orthodontic opinion to have the peg lateral 
removed and both lateral spaces closed orthodontically. His Class II bite relation-
ship would have been perfect for that treatment plan if the face and airway were not 
considerations! One might suggest that the only way to correct the Class II relation-
ship without retracting the upper teeth in some fashion would be surgery to advance 
the mandible. Certainly, that would have been an option, but his chin prominence 
made this seem very unnecessary. Instead we advanced his lower anterior teeth 
dramatically to reduce the overjet using a removable appliance. We opened space 
between the lower first permanent molar and the second bicuspid teeth bilaterally. 
This space is large enough for an implant. We could have placed TADs and brought 
the molars forward, but it would have added significant treatment time in a case 
where the patient had very poor oral hygiene. The goal of the treatment was to 
reduce the overjet by advancing the lower anterior teeth forward rather than by 
retracting the upper anterior teeth. The prevailing wisdom in the orthodontic profes-
sion is that such an advancement of the teeth would cause recession and possible 
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Fig. 13.25 (a) A 10-year-and-9-month-old male with missing upper left lateral incisor, under-
sized maxillary right lateral incisor, and Class II malocclusion with moderate to large overjet. 
Patient received orthodontic opinion to have maxillary right lateral incisor removed and both lat-
eral incisor spaces closed by retraction of the central incisors (“canine substitution”). (b) 
Orthodontic treatment opened space for the missing upper left lateral incisor and spaced the right 
lateral incisor for veneering. A temporary bonded bridge replaces the missing lateral incisor until 
growth is complete and implant placement is accomplished. Massive advancement of ten lower 
anterior teeth reduced the overjet. Spaces large enough for an extra bicuspid were created between 
the second bicuspids and first molars. Note absolutely no recession on the lower anterior teeth 
despite what orthodontists are taught
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tooth loss of the lower anterior teeth. We have been advancing lower anterior teeth 
in this fashion for over 30 years and have not experienced this problem even once. 
The referred literature clearly supports such treatment with confirmation that such 
advancement is not a threat to periodontal health [35–41].

The retraction of the central incisors in missing lateral incisor cases cannot be 
justified for facial esthetic reasons or for the possible airway reduction which may 
accompany this treatment. Instead space must be opened whenever there is a miss-
ing lateral incisor so that a suitable replacement can be placed.

13.14  Adult Class II Nonsurgical Correction

Figure 13.26a–c shows a 38-year-old male who had undergone 4 years of retractive 
orthodontics in which minor lower anterior spacing had been closed and spacing 
had been left in the maxilla for replacement of the missing teeth. The restorative 
dentist was unhappy with the way the teeth fit and referred the patient for further 
treatment. At this point, the patient was a snorer and suffered from OSA. A surgical 
approach to advance both jaws was considered but rejected by the patient. A com-
promise treatment to advance the entire lower anterior segment of teeth was selected. 
First, ideal spacing of the upper anterior teeth for implants created an overjet. The 
overjet was corrected by advancing the lower anterior teeth with a sagittal appli-
ance. Within a few weeks of wearing the sagittal appliance, the patient’s wife 

Fig. 13.26 (a) A 38-year-old male underwent orthodontics which closed the lower anterior spac-
ing in preparation for replacing the missing maxillary teeth. He snored and suffered from OSA. (b) 
Revisionary orthodontic treatment reopened lower incisor spacing. Maxillary spaces were better 
idealized for restorative. Spaces for “extra” bicuspid teeth implants were created between lower 
cuspids and first bicuspids reducing the Class II overjet. Snoring and apparent OSA eliminated. (c) 
Despite massive advancement of lower anteriors for patient in (a and b), there is no recession
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reported his snoring had ceased completely. The final advancement of the lower 
anterior teeth resulted in enough space for an extra bicuspid tooth on each side of 
the lower arch.

Despite the generally held warning in the orthodontic profession that such 
advancement of the lower anterior teeth might cause recession and ultimate tooth 
loss, there is no hint of loss of attachment of the tissue as noted in Fig. 13.26c.

13.15  Adding Extra Bicuspid Teeth

Adding teeth where none are missing may seem a radical thing to do. The patient 
shown in Fig. 13.27a–e suffered several migraines per week and reportedly lost 
2–3 weekends a month being incapacitated with migraines. Nothing she had done 
to address this nearly 20-year problem had been successful. We noted her tender 

Fig. 13.26 (continued)
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Fig. 13.27 (a) Migraine-suffering patient who never had orthodontic treatment. (b) Patient after 
orthodontic treatment to open space for “extra” bicuspid teeth between upper bicuspids and 
between lower cuspids and first bicuspids. Substantial lateral expansion of both arches was also 
accomplished. Migraine pattern was completely eliminated. (c) Patient after restoration of “extra” 
bicuspid teeth in each quadrant. (d) No recession in the lower anterior despite massive advance-
ment of the anterior teeth. (e) Pre and posttreatment smiles

TMJs, tender facial and cervical muscles, etc. and also recognized that her upper 
and lower teeth appeared tipped back in her face. Without promising her resolu-
tion of any symptoms, we suggested that we open spaces in both arches to give her 
more tongue space. As the treatment progressed, she became happier and happier 
with the cessation of symptoms and the esthetic appearance of a fuller profile. Her 
migraine pattern was entirely eliminated and has not returned. We created enough 
space so that an extra bicuspid tooth in each quadrant was added. Implants were 
placed in the sites and ultimately restored with porcelain crowns. She states that 
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she sleeps well and awakes well rested since the treatment. Her headache pattern 
was completely eliminated as her tongue space/airway was increased. Her broader 
smile with no gumminess was a nice side benefit of the elimination of her pain 
pattern.

13.16  Reopening Extraction Spaces

The patient shown in Fig.  13.28a and b suffered from severe TMJ/pain and had 
undergone arthroscopic surgery to the TMJs more than a decade before we exam-
ined her. The pain pattern was not a current problem, but she suffered from moder-
ate OSA and typically slept about 2 h a night. Tomograms confirmed both TMJs 
were undergoing severe degenerative changes but were asymptomatic at the time. 
Since both were massively recessed, orthognathic surgery was the obvious treat-
ment of choice.

She had a history of previous orthodontic treatment as an adolescent with four 
bicuspid teeth having been removed as part of the treatment. We are strong advo-
cates of reopening extraction spaces as part of the treatment so that the patient has a 
better chance of having their tongue properly positioned to the palate at rest. Without 
promising her that even one symptom would be relieved, we started her on a proto-
col we have developed to reopen the extraction spaces in the maxilla but not in the 
mandible. She agreed that orthognathic surgery should be part of the treatment plan 
from the beginning. By not opening bicuspid spaces in the mandibular arch, we kept 
the lower incisors more retruded which would allow for a larger surgical advance-
ment of the mandible. A larger mandibular advancement would produce a greater 
increase in the posterior airway space (distance between the back of the tongue and 
the back of the throat). She agreed to the treatment approach.

During the treatment she obtained several surgical opinions since all the sur-
geons she saw diagnosed her with severe degenerative joint disease and 

a b

Fig. 13.28 (a, b) A 44-year-old female patient suffering from moderate OSA subsequent to ado-
lescent retractive orthodontic treatment with removal of four bicuspid teeth. Bicuspid spaces 
reopened completely in the maxilla and partially in the mandible, completely eliminating OSA
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recommended total joint replacement. She didn’t want to undergo surgery, but con-
tinued the treatment plan hoping for some miracle. In the midst of our reopening the 
extraction spaces only in the maxillary arch, she started to sleep better. Without 
consulting us, she decided to have another sleep test done and found that she was 
completely free of OSA. A portion of the sleep report signed by the MD sleep phy-
sician was as follows:

“(Patient name) had mild obstructive sleep apnea-hypopnea syndrome with an REM domi-
nant component. Her sleep apnea has completely resolved with orthodontic therapy—
despite the 10+ pounds of interim body weight gain. It is quite remarkable how much 
improvement she has had in her apnea severity despite the presence of a large tongue and 
crowded oropharynx.”

Having completely eliminated her OSA problem, the patient wanted to terminate 
the treatment even though she had a poor bite relationship. We were able to con-
vince her to allow us to open some space in the lower arch to reduce her overjet. 
After a very short time, she terminated the treatment. The door was left open for her 
to do orthognathic surgery in the future if she changed her mind.

The significance of this case is that by merely opening a 7 mm. space in each 
upper buccal segment for placement of an implant, her tongue gained enough space 
to be positioned upward and forward so that she was declared free of OSA by her 
sleep physician. She had undergone no myofunctional therapy which might have 
had an additional benefit in helping her have proper rest position of the tongue to the 
palate. Her tongue had spontaneously found enough space in the palate to move 
upward and forward to eliminate her OSA. It is clear that we simply do not know 
where the threshold exists for OSA.

13.17  Class II Camouflage Treatment

Camouflage treatment of Class II cases has long been a part of traditional orthodon-
tic treatment. Such treatment involves retracting the upper anterior teeth after the 
removal of the upper first bicuspid teeth. More recently TADs have been used to 
retract the maxillary anterior teeth, and extraction of the first bicuspid teeth is 
avoided. This approach takes an already deficient maxilla and makes it more defi-
cient. It damages the face and decreases the airway. In no way can it still be justified.

Figure 13.29a–c is the case of a 40-year-old female who merely wanted her teeth 
straightened. She sought the services of a local orthodontist in her area who recog-
nized that she had a Class II malocclusion with little or no lower crowding. He did 
not offer her the option of surgery to advance the mandible. Instead he offered her 
the camouflage treatment of removing her upper right and left first bicuspid teeth to 
allow him to retract her six anterior teeth and reduce the overjet. The goal was no 
overjet with proper cuspid and incisal guidance long advocated by the profession.

During the treatment she began to experience severe symptoms. She had trouble 
breathing and sleeping. She developed a severe pain pattern in the muscles of her 
face and around her TMJs. She would awaken in the night in a sweat with panic 
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Fig. 13.29 (a–c) A 40-year-old female patient had maxillary right and left first bicuspid teeth 
extracted and her overjet completely eliminated by retraction when she presented for a second 
opinion. She had developed severe pain in the TMJs, an inability to breathe, and OSA. Patient 
reported, “I thought I was going to die”. (b) Shows the result of approximately 3 months of upper 
sagittal appliance wear to re-advance the six maxillary anterior teeth and produce a slight overjet. 
The pain, breathing, and OSA problems were eliminated. (c) Shows her ready to have braces 
removed having received approval from an implant surgeon and restorative dentist

attacks thinking that she was going to die. She brought this problem to the attention 
of her orthodontist, but he said the problem was unrelated to what he was doing and 
she would get used to it. She consulted with pain specialists in a large city near her 
home and was told there was no physical problem that could be identified. Deep 
inside she suspected that the retraction of her front teeth was causing the sleep and 
pain problem. She convinced her orthodontist to remove the upper arch wire which 
was continuing to retract her teeth. He reluctantly did so because she insisted. 
Within 2 h she found her pain pattern subsiding, but the sleep problem persisted.

She presented to us in a panic mode thinking that she was going to die. We found 
all of the muscles of her face and neck to be extremely tender to palpation. There 
was no clicking in her joints, but her maxillary anterior teeth had been retracted so 
much that they were hitting traumatically with the lower incisors and causing distal 
pressure into the TMJs. Her clenching pattern was an unconscious effort to push the 
anterior teeth forward and free her mandible from being trapped by the maxillary 
anterior teeth. We did not promise reduction or elimination of even one symptom, 
but did promise to do our best. A maxillary sagittal appliance was used to reopen her 
extraction spaces. She wore it and activated it as instructed. The spaces opened as 
predicted. She returned to our office in 4 months with the extraction spaces more 
than halfway reopened. Her symptom pattern had been completely eliminated. The 
pain was gone and she was sleeping like she did before her retractive treatment. The 
final gallery shows the completed treatment but with braces still in place.

Some may argue that this is a single example of one case and does not occur to 
all that often. The fact is that it is not an uncommon occurrence with this treatment 
approach. Unfortunately, both the orthodontic profession and the public are largely 
unaware of a connection between retraction and symptom patterns. With the Internet 
many more patients are realizing the connection and that treatment to resolve the 
problem may be available. Some orthodontists are beginning to understand this con-
nection and no longer feel comfortable doing this retractive treatment. Ideally this 
process would happen much faster so fewer will suffer.
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13.18  Surgical Correction of OSA with Double-Jaw 
Advancement Surgery

When more conservative measures are ineffective, the ultimate correction for OSA is 
surgery. When the word “surgery” is used in most sleep clinic settings, it refers to 
uvulopalatopharyngoplasty [42, 43], which does not enjoy a great track record of suc-
cess and isn’t without serious negative consequences. Other surgical procedures to the 
nasal or pharyngeal airway itself can be considered, but none have a great chance of 
success. Such procedures as straightening a deviated septum, reducing turbinates, 
removing nasal polyps, etc. can improve the nasal airway. Whereas they may benefit 
the nasal airway, they do nothing to open the airway in the soft palate or base of the 
tongue areas where occlusion of the airway in OSA is often the critical issue.

The greatest chance of success in eliminating OSA surgically comes from sur-
gery to advance both the maxilla and the mandible. It must be done with careful 
preparation for the outcome to be ideal. Orthodontic preparation of the arches is of 
paramount importance. Orthodontics should be part of the treatment in every case. 
The lower arch must be developed laterally in all cases so that the maxillary arch 
can be expanded to maximum dimension. Mew indicates that an intermolar width of 
42 mm between the maxillary molars is necessary for the tongue to be permanently 
postured to the palate at rest [8]. Getting the patient to adopt such proper rest oral 
posture is critical for optimizing success in treating OSA. Figure 13.30 shows a 
55-year-old male who had undergone double-jaw advancement surgery without 
orthodontics in an effort to resolve his OSA. His intermolar width was about 30 mm. 
A PSG done months after the surgery showed that he still suffered from OSA. Had 
the patient undergone orthodontics to widen the mandibular arch and ultimately 
have the maxillary arch surgically expanded to the expanded lower arch, the OSA 
might well have been eliminated.

Fig. 13.30 Patient had 
undergone double-jaw 
surgery to advance maxilla 
and mandible to eliminate 
OSA without any 
orthodontic preparation. 
OSA persisted. Had 
orthodontics been done 
pre-surgically to expand 
the mandibular arch, the 
maxilla could have been 
expanded surgically, 
improving the likelihood of 
eliminating OSA
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Fig. 13.31 (a and b) A 62-year-old male patient presented with severe fatigue and OSA. Pre- 
surgical orthodontics broadened the lower arch, allowing the maxilla to be expanded at the time 
of surgery. Both jaws were advanced massively with a counterclockwise rotation of the occlu-
sal plane to maximally advance the genioglossus muscle. The improvement in the airway elimi-
nated his OSA and caused the sleep physician to remark, “You have an airway like a wind 
tunnel!”

Surgery to advance the mandible almost always needs to be done with a counter-
clockwise rotation of the occlusal plane. Such a rotation brings the mandible for-
ward maximally with the projection of the bony chin optimized. Because the 
genioglossus muscle is attached to the lingual aspect of the mandible at the bony 
chin, the tongue advancement is optimized when surgery is done in this fashion. 
Most surgeons doing mandibular advancement surgery today are not doing this. 
Figure 13.31a, b shows a 62-year-old male who had pre-surgical orthodontics to 
broaden the lower arch and underwent surgery to expand the maxilla to the widened 
mandibular arch and advance both jaws with a counterclockwise rotation. After 
years of suffering fatigue from untreated OSA, having both jaws advanced surgi-
cally has allowed him to go on to lead a normal life with renewed interest in skiing 
and other outdoor sports. The airway improvement produced with proper advance-
ment of both jaws is dramatic. His sleep physician performed a PSG to confirm that 
he no longer suffers from OSA and commented that “You have an airway like a 
wind tunnel.”

Orthognathic surgery to advance both jaws can be a very successful approach to 
treat OSA sufferers if it is planned properly, prepared for properly orthodontically, 
and executed properly by a surgeon who understands how to advance the jaws for 
optimal esthetics and airway. Patients who finally are free of OSA often awake in 
recovery and say, “I can breathe!” like they had never taken a breath before in their 
life. Many also indicate dramatically improved brain function when they are finally 
sleeping normally.
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13.19  Palliative Solutions

Managing patient’s airway problems with oral appliances can be very helpful 
and is now becoming a focus of many dentists. Unfortunately, such treatment is 
more of a “Band-Aid” solution. It is not a permanent “fix” of the problem. 
Dental sleep appliance (DSA) which postures the mandible forward can open 
the airway enough to reduce the AHI in many mild or moderate OSA sufferers. 
Unfortunately, over time, all have a headgear effect of retracting the maxilla and 
ultimately will become less effective. Figure 13.32 shows an OSA sufferer who 
had a normal occlusion before wearing a DSA for many years. The headgear 
effect of that appliance produced the end-to-end incisor relationship and open 
bite. Patients need to be warned of such bite changes and reduced effectiveness 
over time.

Continuous positive airway pressure (CPAP) is the gold standard of OSA treat-
ment. CPAP is the treatment of choice in cases of mild to severe OSA when a 
DSA is not effective. Sadly, CPAP does not enjoy a high rate of compliance long 
term. It can also have a headgear effect of driving the maxilla distally. Figure 13.33a 
shows a male prior to his wearing a CPAP for about 10 years. He began with a 
perfect Class I occlusion, but the headgear effect retracted the maxilla to the illus-
trated bite relationship in Fig. 13.33b. The CPAP became largely ineffective after 
this occurred. Maxillomandibular advancement surgery was the only solution to 
his problem.

Fig. 13.32 This patient 
wore DSA for OSA for 
several years, causing the 
maxilla to be retracted with 
a “headgear effect” and 
producing an open bite. 
The appliance became less 
effective in reducing 
the OSA
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Fig. 13.33 (a) A 47-year-old male with normal bite relationship prior to CPAP treatment. (b) 
After approximately 10 years of CPAP therapy, an anterior crossbite was produced, and CPAP was 
no longer effective. Maxillo-mandibular advancement surgery was recommended to treat his OSA

13.20  Alternatives to Palliative Treatment

There will always be a place for palliative treatment of OSA.  Many healthcare 
issues do not have “solutions,” and the best option is some form of palliative treat-
ment. However, the prevention of the problem is the option that really makes sense. 
Myofunctional therapy to teach children to have their tongue to the palate, teeth 
touching lightly, and lips together breathing through the nose would ideally become 
the standard and would eliminate many of the orthodontic and breathing issues chil-
dren present with today. Optimizing forward facial development as early as possible 
in growing children has been shown to improve the airway short term [33]. Surely 
optimizing the forward facial development and keeping that development will have 
long-term benefits. This is a great subject for future research.

13.21  Dentistry: The Gateway to the Airway

Dentists have been given a gift and responsibility to manage the airway. Most are 
completely unaware that the decisions made regarding treatment for malocclusions 
can have a positive or negative effect on the airway. We need to become aware of this 
critical role we have been given and shoulder the responsibility of addressing these 
problems in a way that reflects the life-and-death importance of optimizing airways.

As with any problem, it is obvious that the earlier the treatment is done, the 
easier it is and the better the outcome. Nevertheless, the profession needs to be 
ready to effectively help patients of any age with treatment modalities which are 
predictable and have a high chance of success in resolving the problems related to 
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airway inadequacy. Exciting times lie ahead for the profession, but dramatic changes 
must be made. Retraction in any form must end. This requires a complete change in 
the orthodontic profession because many (if not most) treatment plans are retractive 
in nature. A complete discussion of these treatment plan changes is in an article by 
Hang and Gelb [44]. Orthodontic research to find better ways to help patients 
develop their faces forward must replace research on how to straighten teeth more 
efficiently and effectively to the “gold standard” Class I occlusion without regard to 
the position of the jaws in the face or to the airway. Orthodontists must embrace the 
goal of optimizing airway for all if the profession is to escape the often-cited image 
of being “oral cosmetology” and take its rightful place in the healthcare profession.
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