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Abstract

The purpose of the research was to highlight early orthodontic appliances described in the literature and illustrate how
they evolved over time to produce the functional orthopaedic appliances currently in use. Functional appliances derive their
motive force from the masticatory muscles rather than active components such as screws and springs. The main findings
showed that there were two essential components Firs upper arch expansion and alignment, Second anteroposterior skeletal
correction. The article also demonstrates how extraction and alignment treatment diverged from non-extraction functional

jaw orthopaedics. This subject has not previously been dealt with from this point of view.

Keywords: Early Orthodontic Appliances; Functional Orthopaedic Appliance; Evolution of Design Over Time; Skeletal Cor-
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Introduction

The purpose of the study was to show how the present
generation of functional orthopaedic appliances have
been influenced by the designs of the past. The author
has completed an exhaustive survey of the literature to
demonstrate this from Hunter J [1] to the present date. It is
significant that the later designs of appliance have become
more efficient at meeting their clinical objectives.

The Inclined Plane Appliance

Inclined plane appliances were amongst the earliest
known. A continuous evolution can be traced from the time
of Hunter ] [1] described a silver splint in the lower arch to
correct anterior crossbite. “The best of these means is an
instrument of silver, with a socket or groove shaped to the
fore teeth of the lower jaw to receive them, so as to become
fast to them, and sloped off as it rises to its upper edge, so
as to rise behind the fore teeth in the upper jaw in such a
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manner, that, upon shutting the mouth, the teeth of the upper
jaw may catch the anterior part of the slanting surface, and
be pushed forward with the power of the inclined plane. The
patient, who wears such an instrument, must frequently shut
his mouth with this view.” This was a truly myofunctional
appliance harnessing muscle force to align the teeth. No
illustration was provided to show its precise design.

Sigmond ] [2] refers to the use of gold plates or shields
to correct irregularities of the teeth, but no clinical detail is
given in what was intended as a domestic manual for the use
of patients. Impressions of both jaws were taken and models
cast. Daily and frequent inspection was necessary to regulate
or alter the gold plate.

Catalan L] [3] developed the inclined plane to push
lingually positioned maxillary teeth forwards over the
bite. Philippe ] [4] did this but it was not until 1826 that it
was published as a pamphlet entitled “The device suitable
for correcting the deformity that involves the lower jaw
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overlapping in front of the top jaw.”

Imrie W [5] describes a technique where a wax
impression was taken, modeled to an inclined plane
resembling a wedge and then embedded in plaster, leaving
a small opening at the top. The wax was boiled out and the
mould filled with molten tin. On removal of the plaster mould
the tin block corresponded precisely to the wax impression
and was fitted to the lower teeth where it was self-retaining.

Delabarre CF [6,7] Figure 1 on the illustration and
Schange JMA [8] Figure 2 on the illustration describe and
illustrate Catalan’s appliance before going on to develop their
own modifications of his design. Both authors independently
show the same illustration. A flatarch bar is fitted to the labial
surfaces of the lower arch with extension plate’s lingual to
the upper incisors to move them forwards as necessary and
rests on the most distal molar for stability.

Figure 1: Catalan appliance after Delabarre CE.
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Figure 2: Catalan appliance after Schange JMA.

Delabarre mentions that “M Duval (1758-1854) speaks
of a guttered plate, that has been in use for 20 years but he
has not given us any description or design of it.” According to
Delabarre it was probably a small inclined die placed on the
deviated tooth. Catalan invented an instrument based on the
same principles [6-8]. Delabarre considered Catalan’s design
to be too traumatic and illustrated one of his own Figure 1.
“In the application of a small metallic grate fashioned in the
form of two inferior molars of one side; which, by preventing
the closing of the mouth, suspends the contact of the teeth.”

“With a fillet of silk or thread, I bind the teeth in such a
way; thatin avery shorttime, I succeed inleading the deviated
tooth or teeth within the circle, of which they should form a
part.” Thus Delabarre was using a lighter externally applied
force rather than one generated by the masticatory muscles
via the occlusion. This was the same principle as used by Fox
J [9] and Bell T [10].

Schange JMA [8] published the first book entirely devoted
to orthodontics in 1842. He emphasized that his design
was neither that of Catalan nor that of Delabarre. Figure 2
(Figure 10 on the illustration) He had a lower labial arch
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bar that was away from the teeth to allow them to be drawn
forwards with ligatures. At the same time he had molar rests
for stability and retention. In addition he had a lingual arch
bar from which plates extended lingual to the upper incisors
to move them forwards using the inclined plane effect. Thus
he utilized both masticatory muscle function and applied
traction by ligatures.

Robertson W [11] believed that anterior crossbite
resulted in protrusion of the lower face. “In order to rectify
this deformity, a plate is adapted to the lower range of teeth,
and so constructed as to produce pressure upon the irregular
ones by which contrivance the rest of the teeth are prevented
from coming in contact with each other, and the whole
pressure of the mouth shutting is thrown upon the irregular
teeth, which act against the inclined surface of the plate, and
by degrees are moved forwards into their proper situations”

(Figure 3).
Figure 4: Mortimer WH inclined plane appliance.
Robinson ] [13] used a gold plate accurately fitted to the
lower teeth. To the upper margin a gold flange was soldered,
(Figure 5). “Every closure of the mouth must exert a constant
and steady pressure upon the irregular teeth, until the
deformity is counteracted by bringing them over those in the
lower jaw.”
Figure 3: Robertson W Inclined Plane Appliance.
Mortimer WH [12] described “a gold band to go inside all
the under teeth and joined to a plate that will cover the large
grinders on each side” (Figure 4). “In the centre, an inclined
gold plane should come over the under teeth, so that every
time the mouth closes, the upper teeth may strike against it,
and be pushed outwards.” Figure 5: Robinson ] inclined plane appliance.
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Salter SJA [14] states that “a very powerful method
of bringing forward upper teeth in an underhung bite is
by placing upon the lower incisor teeth a plate from the
upper edge of which a process passes obliquely upwards
and backwards, so that when the patient closes his mouth
the upper teeth rest on the sloping surface and are pushed
forwards” (Figure 6).

Figure 6: Salter S]A inclined plane appliance.

Norman Kingsley and the Sloping Anterior Bite
Plane

Kingsley NW [15] “A treatise on oral deformities as a
branch of mechanical surgery.” Although it was 541 pages in
length only 3 % pages were devoted to the subject of bite
planes.

First the lower inclined bite plane was described
and illustrated (Figure 7) (on the illustration). This was
constructed in vulcanite and fitted in the lower arch. It
impinged on any retroclined upper teeth to move those
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 7: Kingsley NW lower inclined plane appliance.
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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 8) (on the illustration). 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.

Figure 8: Kingsley NW upper sloping anterior bite plane.

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 againstthe use ofanincline, because
the time required had a 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.”

The Extraction Versus Non-Extraction Approach
to Class Il Division 1 Treatment

Chupein TF [16] is one of the earliest references to the
extraction of maxillary first premolar teeth for the treatment
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
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of Practical Dentistry 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 (Figures 9-11).
Etchings of before and after models together with a profile
view of the patient show a successful result.

-

Figure 9(A): Chupein TF profile view before treatment.

Figure 9(B): Chupein TF profile view after treatment.
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Figure 10: Chupein TF appliance design.

Figures 11(A): Chupein TF dental models before treatment

Figures 11(B): Chupein TF dental models after treatment.

Cutter HE [17] published an article entitled “Drawing
the lower jaw forward” in the same volume of Catching’s
Compendium. This article had no illustrations but a similar
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paper was read before the American Academy of Dental
Science with illustrations [18] (Figure 12). This involved first
upper arch expansion with a jack screw and 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.

Figure 12: Cutter HE dental models before, after and
during treatment.

Hamilton originally described the functional appliances
used by Cutter in the American Academy of Dental Science
January 1892 [19] and Catchings Compendium June 1892
[20] (Figure 13). An uncrowded Class II division 1 case
without pre-functional expansion was described. “The
method used was simply a rubber plate fitting the roof of
the mouth and over the bicuspids and first molars, where it
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Open Access Journal of Dental Sciences

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 13: Hamilton HF dental models before and after
treatment.

Coffin, Headridge and the Origins of Upper Arch
Expansion

Coffin CR around 1860 inserted a rigid vulcanite plate
with Hickory wood sticks embedded to correct imbricated
incisors. When exposed to saliva the wood expanded to
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apply a force. The incisors resisted successive increments of
force with little progress. However, a sudden correction was
achieved when the plate accidently fractured in the midline
and the incisors spread due to the inadvertent expansion.
The Coffin plate was made of vulcanite, split into two halves
capping over the buccal segments and joined with a W -
shaped spring formed from piano wire (Figure 14). Details
of the design and construction of this appliance are given by
Trenouth MJ [21]. It was not until 1881 that the technique was
reported by his son Coffin WH [22] at the 7th International
Medical Congress in 1881.

~

Figure 14: Coffin 5 looped W midline spring.

J

However this publication stimulated correspondence in
the journals, first from Headridge P [23,24] of 1, Lime Grove,
Oxford Road, Manchester. To quote: “I must confess [ was
simply stupefied to find that the author of the paper claims
unblushingly the invention of the expansion plate for his
father, and all through the paper and subsequent discussion
the plate is spoken of as Dr. Coffins Expansion Plate. Now I
simply wish to state that Dr. Coffin has just as much to do
with the invention of that plate as the man in the moon and
no more. The invention in its entirety is wholly and absolutely
mine, which I can abundantly prove, and in common justice it
should be known , both now and here after, not as Dr Coffin’s
but as Peter Headridge’s Expansion Plate, a claim supported
by Williams ] [25,26] of Hollinwood House, Fallowfield,
Manchester” Details of the succeeding correspondence are
given in detail by Trenouth MJ [21].

In response Coffin WH wrote [27,28] “My father
in common with others used expansion plates before
Mr. Headridge entered the profession; that gentleman,
however, (for many years my father’s assistant) about 1868,
suggesting the employment of tempered steel springs in
connection with them.” In 1869, Headridge took out a patient
for: “Improvements in Dentistry for Expanding the Upper
and Lower Maxillary, claiming, broadly, as new and never
before used, first, dividing the base or plates into sections:
second, giving these elasticity &c, by springs or other elastic
substances. The patient was dated 10 April, No 1101 and was
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procurable for sixpence.

The final letter and therefore say in the controversy was
submitted by Coffin WH himself [29]. It was prefaced by the
editorial comment that “we do not hold ourselves responsible
for the opinions expressed by our correspondents” and
ended by the statement that “we cannot insert any more
letters on this subject.-Ed.”

To quote: “Sir, - | observe with pain and regret that my old
friend Mr. Headridge of Manchester, isled by his extraordinary
misconception of the origin of expansion plates into some
remarkable and utterly unfounded statements, which prefer
a serious charge of dishonesty, unfairness and inaccuracy
against myself and son.”

Jackson’s Modification of the Coffin Appliance

Jackson VH [30] modified the Coffin appliance in two
ways. First he eliminated the molar bite blocks and used
clasps on the molars and premolars to reduce the bulk of the
appliance. Secondly he inverted the spring from a W to an
M-shape, reducing the number of loops from 5 to 3. He also
thickened the diameter of the wire from 0.86 mm to 1.1mm
(Figure 15). This became the predominant design for future
appliances. In particular it was incorporated into the early
Andresen appliance and is still used today in the modern
Bionator.

Figure 15: Jackson VH 3 looped M midline spring.

Pierre Robin and the Monoblock

Robin P [31] 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 He described a
condition he named “glossoptosis” which involved backward
movement of the tongue and mandible caused by narrowing
of the maxilla (Figure 16). This led to enlarged adenoids,
mouth breathing, airway obstruction, and being backward
at school. The article by Robin P [32] which is often quoted
is in fact two separate papers published in the same volume
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of the journal. The first [32] described maxillary expansion
using an upper removable vulcanite plate with an midline
expansion screw (Figure 17). The second [33] describes the
monoblock to correct Class Il jaw relationships (Figure 18).
The monoblock could not be worn for eating so it was worn in

Open Access Journal of Dental Sciences

conjunction with the mastication appliance which prevented
the mandible from moving backwards when eating (Figure
19). The long term effect was to treat mandibular hypoplasia
and glossoptosis by enlarging the airway.

Figure 16: Robin P Glossoptosis.

Figure 17: Robin P upper midline expansion appliance.
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Figure 18: Robin P Monoblock functional appliance.

.

Figure 19: Robin P mastication appliance.

J

The Early Andresen Appliance

Andresen V [34] developed his appliance initially as a
retention device but later found it would work as an active
functional orthopedic mechanism. He extended the sloping
anterior bite plane of Kingsley into the molar regions and
split the base plate, incorporating a “Coffin spring” after
Jackson’s design (Figure 20). Andresen practiced in Norway
but originally came from Denmark. Fixed appliances tended

Trenouth M]J. Early Origins of Functional Jaw Orthopaedics. ] Dental Sci 2024, 9(4): 000409.

to be removed during the Summer holiday period in Norway
as people went away for long periods to make the most of the
good weather. For this reason the Andresen appliance was
used as a retainer. In Class Il cases some activation was put in
to prevent relapse. It was soon discovered that the Andresen
appliance acted as an active mode of Class II correction and
was later modified to produce the “activator” as discussed by
Andresen V, et al. [35].

Copyright© Trenouth M]J.
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Figure 20: Andresen V early activator appliance.

Later Developments

All later functional appliance systems were variations
of the Andresen appliance which have gradually evolved
largely by a process of trial and error. This resulted in
many variations in design, most of which bear the names of
their originators; most notable amongst these are Schwarz
AM [36], Bimler HP [37], Herren P [38], Muller GH [39],
Stockfisch H [40], Frankel R [41], Balters W [42], Harvold EP
[43]. A very comprehensive account of these and many other
developments is given in the book “The masters of functional
orthodontics” by Levrini A, et al. [44]. Two more recent
advances have been the biobloc appliance of Mew | [45-47]
and the twin-block technique of Clark W] [48,49]. Trenouth
M] [50] combined elements of these two techniques. First,
semi-rapid maxillary expansion after Mew JCR [51] and
alignment of the upper arch. Second, correction of the Class
II relationships using a modification of the Twin block
traction technique introduced by Clark W] [48,49]. who used
a 45 degree block incline and relied on extra oral traction
and intermaxillary elastics from the Concord facebow to
produce mechanical forward posturing. A 70 degree incline
on the blocks maintains the mandible in a forward position
even when open in the rest position and induces an artificial
forwards bite of accommodation, as a result of forwards
reflex posturing. This meant the extra oral traction and
intermaxillary elastics on the original Clark appliance could
be dispenced with because they were no longer necessary
for the appliance to function efficiently. This was initially
reported in a paper read at the Consultants Orthodontists
in February 1985. The concept of forward reflex posturing
using 70 degree block incline was published in 1989 [50] a
year after Clarks second paper describing a 45 degree incline
however my 1989 paper was received for publication in May
1987 one year before Clark’s second 45 degree incline paper
which is often misquoted as recommending a 70 degree
incline [52,53]. This approach has recently been evaluated
by a prospective randomized clinical trial [54]. It was found
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that the presence of a Southend clasp on the upper and
lower incisors limited their tipping which enhanced the
skeletal correction. Further analysis of the trial data showed
expansion of the oropharyngeal airway [55,56] in a similar
way to Robin’s monoblock.

Discussion and Conclusion

The origin of functional appliance treatment goes back
a long way in time with elements of many simpler designs
being incorporated in later appliances. Two important facts
have been realized recently with lots of published evidence
to support them. First that functional orthopaedics results
in significant correction of skeletal malocclusion. Second
following on from the skeletal correction is the expansion of
airway volume. This harks back to the work pf Pierre Robin
P [31-33]. This fact is clearly important in reducing the
likelyhood of sleep apnoea.
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