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Abstract

The extraction of teeth as part of orthodontic treatment has always been contentious and indeed emotional. It has varied
over time between 0.2% Angle 1902 to 80% Tweed 1966 back to 1.5% Greenfield 2010. In a narrative review the paper
outlines early reports of extraction and non-extraction techniques. It also highlights the advantages and disadvantages of
both methods. The origins of functional jaw orthopaedics are discussed along with prefunctional upper arch expansion
as an alternative to extraction of premolars and retraction of anterior segments. The relationship of the airway to skeletal
pattern and functional jaw orthopaedics is outlined. Evidence is provided to show the relationship between sleep apnoea and

oropharyngeal dimension and how it relates to orthodontic treatment.
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Introduction

The extraction of teeth has been a common feature of
orthodontic treatment since the earliest days of the specialty.
However there has been surprising little research performed
into the actual numbers of teeth extracted for orthodontic
purposes. Extraction frequency is defined as the number of
patients having permanent teeth extracted as a percentage of
the total treatment sample.

In their classic article on the subject Peck, et al. [1]
reported extraction frequencies taken from 12 studies over
a 66 year period, that varied between 6.5 % to 83.5 %. They
also recognised that the decision to extract teeth as part of
orthodontic treatment was both contentious and emotive. To
quote “ For years the question of extracting permanent teeth
as part of corrective orthodontics has provoked professional
controversy and debate, often of religious intensity”.

The Great Extraction Debate, The Origin of Functional Jaw Orthopaedics and Implications for Airway

As early as 1743 Robert Bunon [2] stated that “it is better
to have fewer teeth than to have the usual number in a badly
arranged fashion”. Conversely Pierre Joackim Lefoulon [3]
in 1841 expressed the view that “extracting is not healing
but destroying”. Walter Harris Coffin [4] in 1881 concluded
that “extraction of possible sound teeth may of course be
necessary though these (cases) are somewhat less numerous
than usually imagined and a possible alternative (expansion)
in many instances affords satisfactory results”.

The question of extraction in orthodontia was the title
and subject of a famous and prolonged debate in the pages
of the Dental Cosmos 1912 to 1913 primarily between Calvin
Case and Martin Dewey a student of Edward Hartley Angle.
Case strongly criticised the non-extraction dogma of Angle as
it did not take into account the effect of incisor protrusion
on facial aesthetics. Case [5] concluded that “when the whole
question of extraction in orthodontia is summed up and the
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full truth is grasped, it seems a most senseless thing for men
to fight over, when the truth is so self-evident; and then to
quibble and cast untruthful slurs-among men whose main
object in life should be for the development of truth, true
principles, and true methods of practice for the advancement
of their profession, and the relief of suffering humanity!”

However relapse not aesthetics was the major reason
why Tweed [6] and Begg [7] abandoned the non-extraction
treatment they had been taught by Angle.

A number of institutional based studies have shown that
the extraction rate can vary considerably over time largely
attributed to changes in clinical philosophy. Proffit [8] found
the extraction rate increased from 30 % in 1953 to a peak
of 76 % in 1968 before falling again to 28 % in 1993. This
was largely due to a surge in four first premolar extractions
being 10 % in 1953, rising to 50 % in 1968 and dropping
slowly back to 10 % in 1993. Peck [9] showed that reported
extraction rates changed dramatically over the past 110
years as follows: Angle 1902 0.2 %, Case 1913 6.5 %, Friel
1931 8 %, Proffit 1953 30 %, Proffit 1963 70 %, Tweed 1966
80 %, Peck 1979 42 %, Proffit 1993 28 %, Damon 2000 < 5
%, Greenfield 2010 < 1.5 %.

These studies are not directly comparable because
they represent differences in clinical philosophy and
case mix. However the differences are very large and vary
dramatically over time. They demonstrate that there is no
universally accepted philosophy when it comes to deciding
to extract teeth as part of orthodontic treatment. All reported
extraction rates are by their very nature retrospective and
not amenable to randomised control trial methodology.

Extraction of teeth as part of orthodontic treatment has
always been both highly variable and highly contentious and
opinion based rather than evidence based.

The presentpaper seeks to discover whenin the literature
these two alternatives were first reported for the treatment
of Class II division 1 malocclusion and the indications and
contraindications for each alternative form of treatment.

The Extraction versus Non-Extraction approach for the
treatment of Class Il division 1 malocclusion.

Historical references represent uncontrolled case
descriptions and do not constitute evidence of efficiency
by contemporary standards. They represent as far as can
be ascertained the first appearance in the literature of
the methods and concepts of the two main approaches to
orthodontic treatment.

Chupein [10] was one of the earliest references to the
extraction of maxillary first premolar teeth for the treatment
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of Class II division 1 malocclusion although the first person
to propose this may well be lost in the mists of time. This
landmark paper was published in Catching’s Compendium
of Practical Dentistry 1894, Entitled “Protrusion of upper
teeth regulated”. He used a gold cap cemented onto the upper
central incisors with two small distal hooks. German silver
bands with buccal hooks were cemented on the upper first
molars. Elastic bands were stretched from the hooks on the
central incisor cap to the molar bands on both sides after
extraction of the upper first premolars (Figure 1). Etchings
of before and after models (Figures 2 & 3) together with a
profile views (Figures 4 & 5) of the patient show a successful
result.

Figure 1: Appliance for retracting the anterior segments
after upper first premolar extractions: Chupein 1894.

Figure 2: Lateral view models before treatment.

Figure 3: Lateral view models after treatment.
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was simply a rubber plate fitting the roof of the mouth and
over the bicuspids and first molars where it was made thick
and with depressions to receive the cusps of the lower teeth.
But these depressions, instead of being directly over the
cusps, were slightly in front, so as to throw the lower jaw
forward when closed, by the action, as it were, of a series of
inclined planes”. The upper plate was alternated with a lower
one of similar design and the treatment was completed
in four months. Hamilton speculated on the mechanism of
action. “This advance of the lower jaw comes, I think, from
preventing the condyle going to its place; but there is a
change going on at the angle of the jaw which will ultimately
allow a perfect articulation”. No illustration of the appliance
itself was given.

Figure 4: Etchings of profile before treatment.

Figure 5: Etchings of profile after treatment.

In the same volume of Catching’s Compendium Cutter
[11] published an article entitled “Drawing the lower jaw
forward”. This article had no illustrations but a similar paper
was read before the American Academy of Dental Science
with illustrations [12] (Figure 6). This involved upper arch
midline expansion with a jack screw in a vulcanite plate.
This was followed by an early design of functional appliance.
One was thickened in the molar and premolar regions with
depressions to carry the mandible forwards on occlusion.
This was followed with an appliance thickened behind the
upper incisors to maintain the forward mandibular posture.

Hamilton originally described the functional appliances
used by Cutter in the American Academy of Dental Science
January 1892 [13] and Catchings Compendium June 1892
[14] (Figure 7). An uncrowded Class I division 1 case without Figure 6: Early functional appliance result: Cutter 1894.
pre-functional expansion was described. “The method used
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Figure 7: Early functional appliance result: Hamilton 1892.
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Robert Duncan McBride [15] in 1904 commented that
“Orthodontiaisnolongerinarealm of chaos. The true practice
of orthodontia has little to do with dentistry proper”. More
important “Orthodontia and facial art can not be separated”.
He used inter-maxillary (Baker) anchorage to achieve antero
posterior (Class II) correction without extractions and noted
improved profiles.

Dolomore WH [16] noted in his paper on Inferior
Retrusion in 1923 that “As a student [ was taught to regard
as superior protrusion and about which much has been
written are not so at all but are cases of inferior retrusion.
The treatment by retraction of the upper front teeth may
have been relatively successful and the facial effect of the
present abnormal occlusion is masked by the patient having
an unusually flat face”.

Norman Kingsley and the Sloping Anterior Bite Plane:
“Jumping the bite.”
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Norman William Kingsley (1829-1913) was known as
“the father of orthodontia” (Figure 8). He wrote “A treatise
on oral deformities as a branch of mechanical surgery”. [17]
Although it was 541 pages in length only 3 % pages were
devoted to the subject of bite planes.

Figure 8: Norman William Kingsley the farther of
orthodontics.

o J

First the lower inclined bite plane was described and
illustrated (Figure 9). This was constructed in vulcanite and
fitted in the lower arch. It impinged on any retroclined teeth
in the upper arch on occlusion. As a result a force was applied
to move them forwards over the bite in the traditional way
described by previous workers. “The inclined plane was one
of the first mechanical forces adopted for regulating teeth,
and was much recommended in earlier text-books”.

Figure 9: Lower inclined plane appliance.

Copyright© Trenouth M]J.


https://medwinpublishers.com/OAJDS/

Kingsley’s genius was to flip the lower inclined bite plane
upside down to the upper arch and change its function. The
appliance consisted of a vulcanite base plate tied in situ with
molar ligatures (Figure 10). There was an anterior bite plane
with a steep forward facing slope which caused the mandible
to posture forwards. In addition, a gold bar was placed
labially to the upper incisors. Elastic ligatures ran over the
gold bar and then through the holes in the vulcanite base
plate to a gold hook on the palate. When activated they helped
to reduce the incisor prominence. He was the first person to
introduce the concept of functional orthopaedics to correct a
class Il malocclusion by “jumping the bite”. “The object was
not to protrude the lower teeth, but to change or jump the
bite in the case of an excessively retreating lower jaw. The
objection urged against the use of an incline , because the
time required against the use of an incline, because the time
required had tendency to alter the articulation of the teeth,
was in this case an argument in its favour, and an advantage,
because a new articulation was desired and the incline, as
adapted, offered no opposition to the antagonism of the teeth.
The principle of the inclined plane is always operating in the
mouth, and may often be taken advantage of beneficially,
while at other times it will tax our ingenuity to the utmost to
overcome its powerful influence”.

Figure 10: Upper inclined plane appliance for “jumping
the bite.”

Rodrigues Ottolengi [18] stated in 1907 that “Dr
Kingsley long ago announced the doctrine of “jumping the
bite” but Dr. Angle has pointed out that in cases treated
after the full complement of teeth has erupted while of
course the bite may be jumped, the mandible will not always
remain in forward pose. Clearly an age factor is involved and
Ottolengui recommended “releasing the mandible from its
imprisionment as early as possible”.

To quote Bogue [19] “its peculiarity consists in this, that
whilst nearly every other regulating operation aims simply
at altering the position of the teeth in relation to the jaw
which carries them, this operation alters the relation existing
between the jaws themselves”.
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“The operation is called for in cases where the upper
incisors project, where the lowers bite far behind them, and
where, besides these conditions, the bicuspids and molars
inter-articulate abnormally, the lowers closing too far back,
by the whole width of a tooth, the chin being consequently
very retreating, and the whole facial expression weak and
foolish”.

“What has to be done here, if possible, independently of
some retraction of the upper incisors, is an alteration in the
position of the lower jaw, so that the chin may be brought
forwards”.

“Having drawn back some prominent upper incisors in
a case with a markedly retreating chin, and desiring to keep
them in position, | attached a retaining wire to gold caps
made to fit the second upper bicuspids. In order to prevent
the bicuspids themselves being braught forward, instead of
the incisors being held back, I furnished the caps with tiny
inclined planes directed downwards and backwards for the
lower bicuspids to bite against. In a weeks time it was noted
that the lower jaw had come right forward by the width of a
tooth, and the retreating chin offended ones eye no longer”.

Pre-Functional Upper Arch Expansion

Dolomore [16] in his paper on inferior retrusion in 1923
states “when the mandible bites forward it is apparent that
the upper arch is too narrow to allow normal occlusion of the
molars in this position”. Therefore it is necessary to expand
the upper arch. He recommends the Badcock screw.

Figure 11: Upper expansion appliance with midline screw.

Weinberger [20] in a historical review of Kingley’s work
in 1926 stated “Treatment involves widening the upper
arch so that the lower teeth could not articulate, compelling
a new articulation in an advanced position, flattening the
v shaped arch”. An upper removable vulcanite plate with a
jack screw was used to achieve this (Figuure 11). This was
followed by “jumping the bite” with the upper inclined plane
appliance (Figure 10). “The plan which I formed to correct
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this deformity was the result of my own judgment and partly
to humour the strong desire of the mother that it should be
done if possible without extracting any teeth”. Etchings show
before and after treatment (Figure 12). A similar approach
has been adopted by all later functional appliance systems as
demonstrated by the paper on the early origins of Functional
Jaw Orthopaedics by Trenouth [21] in 2024.

Figure 12: Models before and after treatment: Kingsley
1880.

J

In a case published by Dr. Bogue in the Dental Cosmos
May 1887 [22]. “The bite was jumped simply expansion
of the upper arch in the canine region” (Figures 13 & 14).
The occlusion changed from Class II to Class I relationship
(Figures 15 & 16).

-

Figure 13: Models before treatment: Bogue 1887.
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Figure 14: Models after expansion: Bogue 1887.

Figure 15: Occlusion before treatment: Bogue 1887.

Figure 16: Occlusion after treatment: Bogue 1887.

Airway and Functional Jaw Orthopaedics

Pierre Robin (1867-1950) first trained as a pharmacist
then a dentist and finally became a Doctor of Medicine. He
served as a maxilla-facial surgeon in the first World War
[23]. He described a condition he named “glossoptosis”
which involved backward movement of the tongue and
mandible caused by narrowing of the maxilla. This led to
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enlarged adenoids, mouth breathing, airway obstruction,
being pidgeon chested, failure to thrive and being backward
at school.

The article by Robin in 1902 which is often quoted is in
fact two separate papers published in the same volume of
the journal. The first described maxillary expansion using
an upper removable vulcanite appliance with an expansion
screw [24]. The second describes the monoblock to correct
Class II jaw relationships [25]. The long term effect was to
treat mandibular hypoplasia and glossoptosis by enlarging
the airway.

Further Ottolengui [18] states Adenoids compel mouth
breathing and mouth breathing produces irregularity.
Drooping of the mandible takes the tongue away from its
normal place against the vault allowing lateral pressure from
the cheeks to narrow the upper arch. This leads to deficient
development of the mandible. ie Class II malocclusion.

Oropharyngeal Airway and Skeletal Pattern

Oropharyngeal airway size has been shown to be related
to skeletal pattern being greater in Class III than Class Il and
intermediate in Class I [26]. Also Class I and Class II subjects
with vertical growth patterns have significantly narrower
upper pharyngeal airways [27]. Class II malocclusion is
known to be associated with oral breathing especially
where there is mandibular retrusion and increased lower
face height [28]. There has been shown to be a reduction in
oropharyngeal airway size after headgear treatment [29-32].
More important a reduction in oropharyngeal airway size
has been shown to take place after extraction of premolars
and incisor retraction [33-38].

Hakan, et al. [39] found the minimal cross-sectional
area of the oropharynx correlated with Go-Gn (r=0.39) to
a greater extent than SNB (r=0.22). Similar results were
found by Trenouth, et al. [26] OPA with Go-Me (r=0.5) SNB
(r=0.2), and Trenouth, et al. [40] OPA with Go-Me (r=0.3).
The increase in the oropharyngeal airway was mainly related
to lengthing of the mandible (Go-Gn/Me) rather than its
position relative to the cranial base (SNB). The hyoid bone
tends to follow the mandible as the airway increases. A
significant correlation has been found between jaw relation
hyoid position and width of the pharyngeal cavity by Allhaija,
et al. [41]. Jenna, et al. [42] showed that the axial inclination
of the hyoid bone closely followed that of the mandible in
three groups of patients based on high, low and average
Frankfort mandibular plane angle. Similar results were
found by Ghodke, et al. [43].

Timms, et al. [44] found that increased maxillary
mandibular planes angle and facial lengthening and
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narrowing were associated with increased nasal airway
resistance.

Obstructive Sleep
Oropharyngeal Dimension

Apnoea and

Patients with obstructive sleep apnoea have been shown
to have reduced dimensions of the oropharyngeal airway
[45-55]. Ghodke, et al. [43] found that sagittal distances,
cross-sectional area and volume measurements of the
oropharyngeal airway all had negative correlation with the
apnoea-hyponea index and positive correlation with sleep
efficiency and mean oxygen saturation. Obstructive sleep
apnoea syndrome is characterised by signs and symptoms
related to arterial oxygen desaturation with cessation of
breathing resulting in arousal and sleep fragmentation
caused by pharyngeal obstruction during sleep. Obstructive
sleep apnoea can result in serious morbidity and mortality
mainly as a result of cardiovascular disease and road traffic
accidents [56-66]. Children with obstructive sleep apnoea
are more prone to having poor learning skills, behavioural
problems, attention deficit hyperactivity disorder and
depression [67-71].

The site of airway obstruction during episodes of apnoea
is usually located in the oropharyngeal region involving the
soft palate, dorsum of the tongue and posterior pharyngeal
wall. The most constricted area of the airway has an inverse
relation to the resistance to air flow. Poiseulle’s law [72]
demonstrates that even a modest decrease in radius of the
airway will result in a disproportionate increase in airway
resistance (halving the radius results in a 16 times increase
in resistance, because resistance is inversely proportional to
the fourth power of the radius.

Class II correction using functional appliances has been
found not only to enlarge the oropharyngeal airway but
to improve nocturnal breathing. Schulz, et al. [73] found
Maxillary expansion followed by Herbst appliance treatment
decreased the number of respiratory effort -related arousals
and respiratory disturbance index.

Systematic reviews have shown that functional jaw
orthopaedics has a positive influence on the airway [74,75].

Mahony, et al. [76] 2025 tested for obstructive sleep
apnoea obstructive sleep apnoea in 100 adults (50 OSA &
50 Controls). They found a correlation between obstructive
sleep apnoea and intermolar distance and also palatal height.

Mahony, et al. [77] 2025 studied 3671 children aged
between 7 and 9 years of age on there first orthodontic
consultation. Of those who had an apnoea/hyponea index
>11, 87.3 % had a long facial pattern, Class II facial profile,
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maxillomandibular retrusion. Class III and Class I cases all
had lower AHI scores.

Discussion and Conclusion

Class II division 1 malocclusion is the most common
condition the orthodontist has to deal with. It is in part
both a dentoalveolar and skeletal deformity. It is therefore
important to treat both components when established
methods are available to achieve these ends. The alternative
is compromise dentoalveolar correction only, which involves
premolar extractions converting a Class II division 1
malocclusion into a Class Il division 2 malocclusion leaving a
residual skeletal disproportion. This can alter the profile and
flatten the face. There is also evidence that such an approach
will reduce the airway and increase the susceptibility to
sleep disordered breathing and sleep apnoea. The alternative
involves upper arch expansion to achieve dentoalveolar
alignment followed by functional jaw orthopaedics to correct
the skeletal disproportion. This latter approach reduces the
need for extractions, improves the profile and enhances
the airway. It should be the treatment of choice where it is
clinically feasible.
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