
THE I~ATUKE OF THE PAKTIAI, mmTu~~ POUNMTION : 
SUGGESTIONS FOK ITS PRESERVATION 

T kLIS paper may well begin by quoting a layman’s definition of a partial den- 
ture, a layman with personal experience and charming wit, who said : “A 

partial denture is a device for losing one’s teeth slowly, painfully, and expensively.” 
Such remarks are suggestive of some measure of dissatisfaction with some 

partial dentures-a dissatisfaction based on their lack of comfort, their cost, and 
their lasting qualities. Let us inquire into the nature of the partial denture founda- 
tion with a view to finding ways and means of constructing dentures that are 
simple in design, function comfortably. and help to preserve the structures of the 
supporting tissues. 

\Ve have a dual task to perform in a nlouth which requires a partial denture, 
(1 ) to support the remaining teeth and (2) to supply- substitutes for the miss- 
ing teeth. 

Our quest is for inforniation calculated to aid in the preservation of oral 
health and the provision of means for maintaining adequate oral function. Jn 
coping with this problem, it may be helpful in the beginning to realize that a 
mouth needing a bilateral partial denture is in a state of mutilation, that certain 
buttresses erected by nature to oppose muscle force have been irretrievahly lost. 
Structure has been altered, and we may, in conformity with Cope’s theory of 
kinetogenosis, expect certain changes in ulotion and function. 

Seen in this light, our task is not to try to maintain function, in scope, degree, 
and direction, as it had been prior to the mutilation, but rather to preserve what 
remains of the oral mechanism. Our problem becomes essentially one of engineer- 
ing, more specificall>- of structural engineering. The basic question is this : 
Given this foundation and these means -of employing it, what design of partial 
denture will best preserve the abutment teeth and the edentulous ridges? 

What occlusal pattern, what retainers, what stabilizers, what connectors, 
compatible with esthetics and adequate function, would best preserve the in- 
tegrity of the periodontal membrane with its enveloping alveolar bone and the 
mucoperiosteuni with its underlying bone ? 

To state it in other words, our design strategy should strive to maintain 
the normal width and rigidity of the periodontal membrane and the muco- 

periosteum, for it is 1)~ means of these two essentially connective tissue mem- 
branes that muscular force is transmitted as pressure upon alveolar and basal 
INXW. If force can be transmitted tn 1)one with minimum displacement of the 
-- 
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periodontal membrane and the mucoperiosteum, then the load upon alveolar and 
basal bone will be predominantly compressive. In dealing with the preservation 
of osseous tissue, it is well to keep in mind that bone in itself is passive ; it reacts 
but does not act. Deposition and resorption are accomplished by the associated 
connective tissue.’ 

The nature of the foundation in complete and partial dentures has not had 
sufficient mechanical and mathematical analysis. Biologic and psychologic factors 
have confused our thinking. The fact that these appliances utilize a psychosomatic 
foundation has made it difficult to isolate and formulate principles. It would 
be helpful to have outsiders consider our field, men without our prejudices and, 
I might add, without our dental common sense, men equipped with mathematical 
and mechanical techniques of analysis. 

Such an approach has been made by Synge,” a mathematician of Toronto, 
working with Box, the periodontist. He has given the subject matter of the 
mobility of teeth mathematical analysis. ’ Using the rigidity of rubber (230 
pounds per square inch) as the rigidity of the periodontal membrane, Synge has 
calculated that for a conically shaped root it would take an axial load of 1,300 
pounds and a transverse load of 21 pounds to effect a displacement of l/1000 
inch. 

From these figures we can conclude that a transverse force of one pound 
would cause the same amount of displacement that an axial force of 61 pounds 
would cause. In later experiments utilizing the periodontal membrane of the 
incisor teeth of young calves and lambs, this differential in favor of axial loading 
was reduced from 61 to 17.4 pounds. 

It was found that 90.5 pounds of axial load and 5.2 pounds of transverse 
load resulted in the same amount of displacement, l/1000 inch. 

Except for the writings of Dyment,” Gable,’ and the author: there has been 
little mention of Synge’s new theory to account for the tightness of teeth in 
health and the mobility of teeth when the periodontal membrane is congested. 
According to Synge, the increase in displacement of an incompressible mem- 
brane placed between two rigid bodies is directly proportional to the cube of the 
increase in thickness or cube of the decrease in rigidity. This theory better 
explains what we have observed clinically than does the fiber theory advanced 
by some dental investigators. 

The new theory holds that when an axial force is applied to a tooth, the 
enveloping bone is subjected essentially to compression, not tension, as the fiber 
school maintains. This appears the more reasonable viewpoint on account of the 
high water content of the periodontal membrane. The laws of hq-drostatics tell 
us that any substance, no matter how fluid when enclosed in a rigid container, 
takes on the same rigidity as that container. Thus the periodontal membrane, 
provided it is completely contained, would under these circumstances become 
as rigid as bone. It is probably safe to say that the muscles of mastication can- 
not deliver enough force in an axial direction to a tooth to displace it appreciably, 
and in the absence of displacement, the periodontal membrane assumes the rigidity 



of its containers, bone on one hand and tooth on the other. L’nder these cir- 
cumstances, the pressure upon periodontal membrane and alveolar bone must he 
essentially compressive. 

When stress is transverse to the long axis, mixed pressures arise, tension. 
shear, and compression. The reason for this is that a tooth manifests far less 
inertia to transverse loads than to axial loads. Many perplexing and puzzling 
problems in restorative dentistry have been cleared up in concept for me by the 
application of Synge’s law ; namely, the increase in displacement of an incom- 
pressible membrane placed between two rigid bodies is directly proportional 
to the cube of the increase in thickness or cube of the decrease in rigidity. 

I \~as in a cluandar!- trying to understand how an abutment tooth got so 
loose when its periodontal membrane became congested and how it became firm 
again when the inflammation cleared up, =\ny congestion of the periodontal 
membrane would tend to increase its thickness and decrease its rigidity. As- 
suming that a unit of force would displace the periodontal membrane l/1000 
of an inch, the same force following a twofold increase in thickness would dis- 
place a tooth eight times as much, or S,/lOOO of an inch. :\ssuming again that 
the same periodontal membrane became twice as thick and half as rigid, its dis- 
placement by the same force would be twenty-seven times as much, or 27/1000 
of an inch. 

‘This consideration, when coupled with the following, becomtxs impressive : 
namely, that 90 pounds crf axial load will result in no greater displacement of the 
periodontal membrane than 5 pounds of transverse load. Thus, the inertia of 
the periodontal membrane to an axial load is seventeen times as great as it is to a 
transverse load. 

Under these circumstances, it ivoulitl appear that one is improvident and 
careless (when e.xtensive partial denture procedures are planned ) not to reduce 
the main source of the transverse stress component in nlastication, namely occlusal 
and in&al incline planes. 

\Vhile bone has the capacity of counteracting all types of stress, a little re- 
flection given to its composition will make obvious the fact that osseous tissue 
is more counteractive in compression than it is in tension or shear. It is com- 
posetl of approximately 33 per cent (Jr@rliC matrix, which confers toughness, 
and 07 per cent inorganic salts, which impart hardness. The crushing strength 
of bone is greater than its tearing strength. This is especially true of cancellated 
or spongy bone. .ihecJhr hme Call physidogid\ counteract more pounds 
of pressure when it falls as compression than as tension or shear. Osseous stress 
counteraction is through the medirlm of its adjacent connective tissue, the periodontal 
membrane around the natural tooth, the lnucctl~eriosteuill underneath the artificial 
tooth. Comlective tissue is practically incompressible, init a transverse or hori- 
zontal force will easily displace it. .41r axial or vertical force in the presence of 
confining lateral ~~a115 will not appreciably displace the periodontal membrane 
or the mucoperiosteunl.” 

Following displacement, alveolar lwtie counteracts a tnised force. tension, 
shear, and compressioll. Granted the presence of lateral confining ~valls, :I force 
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vertically or axially applied, axial to the tooth, vertical to the ridge, within 
the confines of the stress area of tooth or ridge will fall essentially as compres- 
sion upon alveolar bone.? , 

This describes our general thought; given a mouth needing a bilateral par- 
tial denture, let us now consider what specific steps we can take to reduce mobility 
of the remaining teeth and increase the stability of the artificial teeth. 

We would suggest the following occlusal changes in the remaining natural 
teeth : (1) Reduce cuspal, articular, and incisal inclines. Where the reduction 
cannot be carried to zero, the inclines that remain should be harmonious and of 
equal degree in each sector with no sector possessing a degree of pitch that would 
not allow functional contacts of other sectors. (2) Drastically reduce contact 
areas with the object in mind of exchanging speed of mastication for reduced 
pressure. (3) The occlusal surfaces of any one side should be made a gradient 
so that the canines, premolars, and molars will be in simultaneous contact during 
the working occlusion. 

Destruction or reduction of the cuspal incline will prove helpful in the an- 
noying problem of wedging and sifting the remaining natural teeth. Where 
molars and premolars have lost adjoining members, it is difficult to keep them 
in proximal contact in the presence of plungerlike opposing cusp forms. 

The occlusal changes can be effected in three ways: (1) through selective 
grinding of overlapping cusps and incisal edges, (2) by onlays on the remain- 
ing teeth, and (3) by inlays in the teeth. Usually all three methods are com- 
bined in treating a specific mouth. 

1. Grinding alone is the simplest procedure. Its drawbacks are : (a) the 
teeth are sensitive, (b) the teeth may be. rendered esthetically too short, and 
(c) the normal convexity of the occlusal surface (the occlusal cone) is destroyed. 

2. Onlays in the central sulci of the remaining teeth are an economical and 
satisfactory means of reducing inclines. An increase in the vertical occlusal d- 
mension is thus effected while at the same time the cuspal inclines are rendered 
nonfunctional. Partial dentures carrying onlays on the remaining teeth should 
always precede complete mouth rehabilitation with fixed inlays. Onlays are 
usually provisional, but for the sake of economy or dread of operative procedures, 
they may be worn for prolonged periods. 

3. Inlays in the remaining teeth to build them into a gradient constitute 
probably the ideal procedure. These inlays where they are not joined to other 
inlays to form a fixed splint should carry a box-shaped recess to receive an 
occlusal stabilizer from the partial denture. 

To increase the stability of saddle or artificial teeth, we would suggest the 
following : (1) The form of the teeth should not contain cuspal inclines. (2) 
The arrangement of the teeth should be devoid of articular inclines. (3) The 
placement should be within the ridge crest. (4) The size buccolingually should 
be constricted. (5) The teeth may be reduced in number. Everything should 
be done to retain and stabilize free-end saddles so that they can stand on their 
own foundational feet. Of course, saddles should be joined to the renlainillg 
teeth thru connectors, retainers, and stabilizers, but the presence of natural teeth 
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ought not to be any excuse for setting saddle teeth out of foundational bounds. 
Only a free-end saddle that retains its position and functions on its own should 
be joined to the remaining teeth; when this is done, the stability of both saddles 
and natural abutments is increased through mutual support, the result being that 
the teeth not onIy support the appliance, but in turn are supported by the appli- 
ance. 

LA us now proceed from the discussion of the occlusal pattern to a con- 
sideration of retainers, stabilizers, connectors, and the use of auxiliary abutments. 
IJet me again emphasize the point that our objective is to discover ways and means 
of preserving the partial denture foundation, 

RETAINERS 

A partial denturr may be retained by five means: (1) by contacting abut- 
nlents below the survey line, evoking the forces of spring tension and statics, 
(2) by contacting two or more paralle? surfaces. evoking frictional force, (3) by 
reproducing minute tissue detail in zaddlrs and connectors, thereby inducing 
the force of adhesion or interfacial surface tension, (4) by beading, sealing, 
and use of relief chambers, therebv evoking the force of atmospheric pressure, 
is ) 1,~ weight (in lower dentures), inducing the force of gravity. 

Spring tension 1)~ the use of resilient clasp arms is the most positive and 
simplest means of securing retentioi~. Yet it is the most dangerous to the wel- 
fare of the abutment periodontal membrane. Clasp arms increase the degree 
and frequency of periodontal displacement. They should be used sparingly, pref- 
erably with a single bearing on each abutment. Other means of securing reten- 
tion should augment the use of clasps, such as contacting two or more parallel 
surfaces and reproducing tissue detail in saddles and connectors. 

\\‘hile all types ~)f clasps are objectionable, the least harmful is the infra- 
lrulge embrasure saddle clasp. 

Sometime ago the idea occurre(l to me that all prevailing clasp designs could 
he placed in one of thaw major groups :’ i 1 ‘I the suprabulge design and (2) the 
infrabulge design. X~lorc scientiiic terms could be coined, yet I doubt that the) 
would lx so drscriptire or comprehensive to the average man. The supra- 
ljulge group imludes all circumferential clasps, such as the vertical, diagonal, and 
horizontal clasps : tlw infrahulge groul> includes the lionwill, Roach, and em- 
brasure saddle designs. 

\Vith the suprahulge design, tlw clasp arnl approaches the plane of under- 
cut from above. traversing the occlusal cone area Of the abutment tooth. TIK! 

infrahulge type approaches the plane of undercut from below, coming up from 
the region of the saddle. Directioli ii; reckoned with the cast in hand and not 
as seen in thr mouth. Tn an excellent article, Stone” has described a hitherto 
unobserved hm- in retention. i-fe has named this force “tripping action” : 
n-hen evoked. it impedes the movement of n clasp to or from its bearing. His 
tests revealed that under certain circumstances an increase in magnitude of force 
of as much as 143 per cent is needed to push the same clasp over the same bulge 
iw to pull it over. 
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This information has an important application relative to the retentive merits 
of suprabulge and infrabulge clasps. The inclination of the clasp arm of a supra- 
bulge retainer is such as to require its being pushed into place and pulled out oi 

position. As a consequence, more force is needed for insertion than removal. 
On the other hand, the inclination of the clasp arm of an infrabulge clasp is such 
that it must be pulled over the bulge of the tooth and pushed off it. It follows 
that infrabulge retainers better resist dislodging vertical forces since more effort 
is required to remove than to insert. 

Besides greater retention for a given undercut plane because of tripping 
action, the infrabulge design is more passive in its relationship to the abutment 
tooth during use of the partial denture. In fact, it would seem that the undercut 
bearing is active principally during insertion and removal. It is entirely passive 
during rest periods. Just how active it is during mastication depends on the 
type of occlusion. When the occlusal pattern is devoid of inclines of form and 
arrangement, its passivity is greatest. I agree with Steffel’” that passivity of 
retainers is a quality greatly to be desired. Our clinical observation supports 
our reasoning; namely, that the periodontal membrane fares best in the absence 
of buccolingual bearings on abutment teeth that face free-end saddles. 

A few words follow about the embrasure saddle clasp, an infrabulge design 
which we have employed in practice for the past twenty years. The development of 
this clasp was an attempt to retain the advantages of the Roach bar design while 
eliminating its undesirable features, such as its outspreading clasp bars and the 
necessity for mucosal relief. The clasp arms of an embrasure saddle design are 
more nearly contiguous with the saddle or pontic tooth and usually occupy the in- 
terproximal embrasures. The proximal surfaces adjoining the saddle are gener- 
ally employed with spring tension clasp arms. 

All this makes for a design that in its compactness and snugness somewhat 
approaches the partial denture made with precision attachments. Within the 
scope of this paper no more can be said about this interesting and serviceable 
clasp design. 

STABILIZERS 

The necessity of making partial dentures removable and at the same time 
functionally fixed creates a circumstance nature never had to confront with 
the natural teeth. The dentist must secure the stability and retention of his 
appliances through tooth and tissue bearing alone. He cannot dig for anchor- 
age, as nature does, into a three-dimensional osseous mass. The confinement 
to the surface of a solid for support, without permission to penetrate, not only 
renders difficult the retention of the supplied teeth, but also the stabilization 
of them in function. 

It may add to clarity at this time to differentiate the role played by stabilizers 
and retainers. The function of a retainer is to resist countersaddlewise vertical 
forces, such as the force of gravity in an upper partial denture and the pull of 
sticky foods. The role of stabilizers, on the other hand, is to resist saddlewise 
vertical forces as well as all horizontal forces. 
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~1 well-adapted saddle or connector ~plnys a dual role. It functions as a 
stabilizer when it resists vertical sadtllewisc forces, and it function5 as a retainer 
when it offers resistance to the pull of gravity and sticky foods. It goes without 
saying that a stabilizer that does not iu a measure retain, or ;t retainer that does 
not in a measure stabilize, is nonexistent. 

However, it is helpful to keep these two fmictions separately in mind, for 
the reason that it is possible for an appliance to possess too much rctentiou while 
theoretically at least an excess of stability is inconceivable. 

One cannot think about this subject without mentioning the name of Bon- 
will” who, as far hack as 1899, recognizetl the daal role played by a clasp uinit, 
namely, to stabilize as well as to retain. 

It was Bonwill who first recorded the use of tooth surfaces as bearings to 
stabilize as well as to retain the partial denture. The so-called occlusal rest was 
the result of this concept. The exposition of the following principle in Bonwill’s 
design is of tremendous clinical value, and to my knowlegde it has gone unrecog- 
nized. Bonwill usually disunited his stabilizers from his spring tension retainers 
and joined them separately to the denture base. His use of semiresilient lugs to 
unite clasp arms to the saddle makes the design infrabulge. The resiliency of the 
uniting lugs made it possible for Bonwill to utilize the more effective mesial and 
distal undercuts. 

A major shortcoming of suprabulge retainers, especially the circumferential 
cast clasp, is that the clasp arms arisr from. and are joined to, the occlusal rest. 
As a consequence, spring tension retainers may interfere with the proper func- 
tioning of the stabilizers, whereas with the infrahulge design one is assured 
of noninterference of clasp arms with fmal seating of occlusal rests. 

This condition is of utmost importance, for, unless thr appliance is fully 
seated with all stabilizers in contact, the resilient retainers during function may 
cause an incessant stream of transverse stresses to fall on the abutment teeth. 

The primary purpose of a bilateral design may be said to lx the following : 
while function is occurring on one side, support is provided ir(om the other side. 
Otherwise two separate unilateral appliances would be sitnpler to plan and less 
cumbersome to construct. Tlms, when a partial denture is designed to be bilateral, 
the us of resilient connectors will do much to defeat the primary purpose. The 
use of thin acrylic resin or thin resilient metal has too often heen instrumental 
in destroying abutment teeth. Schuyler’” has repeatedly emphasized the im- 
portance of rigid connectors if full advantage of bilateral support is to be had. 
:I rigid, metallic framework will do much to render stress distribution bila.teral 
and thus aid in preserving the partial denture foundation. Resilient connectors 
are sometimes employed because of the problem presented by diverging and con- 
verging abutments. The use of a cast surveyor will do ~~lucl~ toward the dis- 
covery of a path of appliance insertion that will enable one to harness with rigid 
connectors suitable Tindercuts of nonparallel abutments. Broad ribbonlike con- 
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nectars are preferable to narrow thick bars, especially when the area covered is 
in more than one plane. A tortuous surface confers more rigidity than a plane 
surface for each given unit of mass and coverage. 

In the case of a bilateral maxillary appliance, it has always appeared to me 
as improvident to fail to utilize the middle third of the hard palate as a bearing 
for support by placing a broad connector across it. This portion of the hard 
palate has much to commend its coverage. It is composed of stable membranous 
bone covered with a thin layer of rigid mucosa. Its surface is advantageously 
tortuous with a large area horizontally inclined. Since the main masticatory stress 
component is vertical, a horizontally inclined base is ideal for stability.” The 
literature on partial denture design contains many references to the undesirability 
of covering the middle third of the palate. The principle reason given for such 
statements is adverse patient reaction to such coverage. My clinical experience 
has been that patients object less to middle third coverage than to coverage of 
the anterior or posterior thirds. In my opinion, adverse patient reaction is due 
to the form rather than the site of coverage. When a bar is used as a connector, 
it is generally thick and somewhat relieved from the palate. This may prove annoy- 
ing to the tongue, whereas a broad, thin, ribbonlike connector in contact with 
the palate may be acceptable. We camlot overemphasize the importance of utiliz- 
ing the support potential of the hard palate wherever possible. Palatal coverage 
will do much to confer a greater degree of permanency to partial dentures. 

AUXI.LIARY ABUTMENTS 

The desire to keep partial dentures simple and uncomplicated in design has 
resulted in an overloading of certain teeth and the unemployment of others. Where 
a natural denture has suffered mutilation to the extent of losing half or more 
of its normal number of abutments, there appears no valid reason why any nearly 
normal remaining tooth should not be employed in the replacement of those miss- 
ing. This can be done by using them as auxiliary abutments by the placement 
of occlusal rests on their stoned-down marginal ridges, Such teeth could be 
designated as auxiliary abutments and such rests as auxiliary rests. 

A tooth buttressed on both sides by adjoining teeth is usually banked with 
more bone and enveloped with denser, less displaceable membrane than a tooth 
facing an edentulous space. Such a tooth is physiologically capable of counter- 
acting considerable stress and should be given that opportunity through its utiliza- 
tion as an auxiliary abutment. 

SUMMARY 

Suggestions for the preservation of the partial denture foundation include 
(1) the reduction of horizontal forces falling on the saddles and the reduction 
of transverse forces falling on the abutments and (2) the all-out use of every avail- 
able tooth and tissue bearing. This two-pronged stress strategy of drastic reduc- 
tion and maximum distribution will go far to minimize further mutilation of an 
already mutilated mouth. 
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CONCLUSION 

Two considerations prompted me to present the subject matter herein, (1) 
its importance, (2) its timeliness. Its importance is based on the fact that 
fdundational considerations are basic and cannot with impunity be ignored. 

In preparing the material for this paper I kept in mind the fact that I would 
be writing principally for practitioners. And the way to write for practitioners 
is to relate your experiences as a practitioner. This I have done, and as a con- 
sequence I may be guilty of having omitted certain facts, slighted other facts, and 
slanted all the presented facts to my own brand of evaluation. To do this is the 
fault and also the virtue of a practitioner. 

I also said this topic is timely, timely because every branch of health service 
is being scrutinized by the socialist-minded politician with a view to spreading the 
service to more people at reduced cost. In my opinion, the dental profession 
will have difculty justifying its present prosthetic monopoly on the basis of 
making replacements alone. 

Mere substitution for lost body parts will not suffice to keep prosthetics ex- 
clusively in professional hands. What will justify such retention is the thought 
we give and the effort we make to save what is left of the oral mechanism. In 
fact, the emphasis should be on conservation by a consideration of biologic and 
psychologic factors. Our objective should be the perpetual preservation of what 
remains rather than the meticulous restoration of what is n&sing. 
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