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Tooth impaction, increased muscle activity, and histologic changes in the bone of 
the temporomandibular joint, have been reported following attempts to increase the 
vertical dimension of occlusion. The purpose of this research was to study the 
elects of increases in the vertical dimension of occlusion on bone density at five 
levels of the mandible in the adult rhesus monkey, and to assess dentoalveolar 
changes by lateral cephalometric radiographs and mounted diagnostic casts. 
Mandibular cobalt chromium splints measuring 3 mm in height at the first molar, 
providing oven occlusal contact to the maxillary anterior and posterior teeth, were 
cemented in place on two monkeys. Five similar monkeys without splints were used 
as controls. Computed tomograms were completed to evaluate bone density 
bilaterally at five levels of the mandible after 3 months of splint wear. Pretreat- 
ment and posttreatment lateral cephalometric radiographs and mounted diagnostic 
casts were completed to assess tooth impaction. Periodontal ligament (PDL) 
thickening and mobility of molars and premolars were evaluated before splint 
placement and after splint removal. There was no statistically significant difference 
in the bone density levels of the animals with splints compared with the controls. 
Minimal dentoalveolar changes were observed. (J PROSTHET DENT 1992;67:701-7.) 

lterations in the vertical dimension of occlusion 
have often been suspected of changing the neuromuscular 
response and biomechanical relationship of the mandible. 
Although increases in the vertical dimension of occlusion 
have been advocated as a therapeutic measure to relieve 
symptoms from temporomandibular joint (TMJ) disorders 
in humans, the same procedure has been implicated in 
causing tooth impaction,le3 in increasing muscle tender- 
r~ess,~ and in bringing about TMJ changes.ls4 Findings on 
the effects of increasing the vertical dimension of occlusion 
on bone remodeling and toot~h impaction have been incon- 
sistent. 

The dangers of increasing the vertical dimension of oc- 
clusion have been documented in human clinical studies, in 
animal studies, and in patient reports. Christensen5 placed 
cast restorations over the mandibular molars in 20 male 
dental students for a period of 3 to 7 days and found an in- 
crease in muscle soreness, joint tenderness, and in reports 
of grinding or clenching teeth.5 Studies on rhesus monkeys 
by Breitnerl and Gianelly et aL4 demonstrated resorption 
in the TMJ when the vertical dimension of occlusion was 
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increased with metal splints. Clinical reports have consis- 
tently warned of the dangers of increasing the vertical di- 
mensions of occlusion.6, 7 

More recent clinical studies by Carlsson et al.* and later 
animal studies by Ramfjord and Blankenship” have re- 
ported contrasting findings to those of previous au- 
thors.ls4, 5 Carlsson et a1.8 studied six dentate individuals 
who had splints covering the posterior teeth and canines for 
7 days and reported many fewer symptoms tban reported 
in the Christensen study.5 Ramfjord and Blankensh$ 
evaluated five adult rhesus monkeys over a 36-month pe- 
riod fitted with splints designed to increase the vertical di- 
mension of occlusion 7 mm at the incisal edge. They found 
progressive closure and impaction of teeth, but no histo- 
logic changes in the TMJ. 

Newer techniques may be useful in resolving inconsis- 
tencies in the literature on tooth impaction and remodel- 
ing of the TMJ. New software programs compatible with 
computed tomography (CT) for use in quantitative bone 
density assessment have recently become available,g per- 
mitting quantitative assessment of bone density amd bone 
contour changes seen in CT scans. 

Experimental quantification of skeletal and dentoalveo- 
lar adaptations to increases in the vertical dimension of 

occlusion is lacking in t,he adult rhesus monkey. Previous 
studies have shown that impaction of teeth and TMJ 
changes occur, but these findings have been challenged. 
The purpose of this investigation was to study the effects 
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le I, Number of monkeys and age at each time 
point 

Animal 
No. 

Age at start 
of experiment 

(mo) 
Months CT scan 

with splint* (mo) 

Controls 
1 131 1 
2 94 - 1 
3 94 - 1 
4 63 - 1 
5 73 - 1 

Flat splint 
i 137 8 3 
2 130 8 3 

CT, Computed tomography. 
*Control animals did not receive a splint. 

of a 3 mm increase in the vertical dimension of occlusion 
in the adult Rhesus monkey. 

METHOD 

Seven adult rhesus monkeys 63 to 137 months in age 
(Table I) were purchased from the Primate Center at the 
University of California at Davis and were maintained at 
the approved Animal Care Facilities of the University of 
California at San Francisco (UCSF). The protocol for this 
experimental study was approved by the UCSF Committee 
for Animal Research and both protocol and facilities met 
the standards established by the Department of Agricul- 
ture. 

iagnostic casts 

Diagnostic casts ‘were made of the maxillary and man- 
dibular dental arches and two wax interocclusal registra- 
tions were used to articulate the casts on a semiadjustable 
articulator. The midline relationship was recorded as even 
or as deviated to the right or left, and the amount of 
occlusal wear of the maxillary molars was recorded as: no 
observable facets (0), observable facets (+), or severe fac- 
ets where most of a cusp had been removed by wear (++). 
At completion of the experiment and following removal of 
the splints, new diagnostic casts were mounted on the ar- 
ticulator and comparisons of midline deviations and tooth 
wear were recorded. 

The periodontal ligament (PDL) was evaluated as thick- 
ened or not thickened on the maxillary and mandibular 
molars and premolars using lateral cephalometric radio- 
graphs completed before splint placement and after splint 
removal. Glickman and WeisslO demonstrated that exces- 
sive occlusal stresses result in a wider PDL than observed 
in control dogs. Mobility of maxillary and mandibular mo- 
lars and premolars was evaluated before splint placement 
and after splint removal. Mobility of teeth was recorded as 
0 = no detectable mobility clinically, 1 mm indicating a 1 

Fig. 1. Two animals were fitted with a flat mandibular 
splint, elevated 3 mm at the level of the first molar, which 
provided a flat articulating surface to the maxillary denti- 
tion. 

mm movement in a buccal and lingual direction, and as 2 
or 3 mm movement. 

Splints 

Two animals were fitted with a flat mandibular splint, 
elevated 3 mm at the level of the first molar, which provided 
a flat articulating surface to the maxillary dentition (Fig. 1). 
Five additional animals of similar age served as controls. 

Splints made of cast chrome-cobalt alloy were designed 
to cover the mandibular dentition except for the mandib- 
ular canines, and included the buccal and lingual surfaces 
of the molars and incisors for added retention (Fig. 1). Af- 
ter the animals were anesthetized with ketamine HCl (10 
to 15 mg/kg intramuscularly) and placed on a heating pad, 
the splint was adjusted to ensure simultaneous contact of 
anterior and posterior teeth. The mandibular teeth were 
cleaned, etched, and the splint was bonded with an 
autopolymerizing resin (Panavia, J. Morita USA Inc., Tus- 
tin, Calif.). 

Cephalometric analysis 

Before any recordings, metallic pins made of tantalum 
were inserted into the anterior and posterior regions of the 
mandible and maxillae to serve as fixed reference markers, 
as described by Bjork.ll Lateral and frontal cephalometric 
radiographs were made before splint placement and after 
splint removal, as described by Nielsen et al.12 The films 
were traced on mat acetate, digitized, and analyzed using 
software that allowed quantitative measurements as well as 
superimposition of successive films (Cephmaster, Ann Ar- 
bor, Mich.). Changes in dentoalveolar and skeletal parsm- 
eters were quantified by angular cephalometric measure- 
ments of the variables listed (Table II). Pretreatment and 
posttreatment comparisons of potential morphologic 

702 MAY 1992 VOLUME 67 NUMBER 5 



INCREASED VERTICAL DIMENSION OF OCCLUSION 

Fig. 2. Reference lines on the lateral cephalometric head film (see Table III). 

Table II. Morpholalgic measurements on the lateral cephalometric films 

Sagittal Vertical 

Skeletal 
1 Maxillary prognathism (s-n-pr) 
2 Mandibular prognathism (s-n-pg) 
3 Sagittal jaw relationship (pr-mpg) 

Dentoalveolar 

Skeletal 

8 Maxillary in&nation (NSL-NL) 
9 Vertical jaw relationship (P&-ML) 

10 Mandibular inclination (NSL-ML) 

4 Maxillary incisor inclination (NSL-ILs) 
5 Maxillary incisor inclination (NL-ILs) 
6 Mandibular incisor inclination (ML-ILi) 
7 Interincisal angle (ILs-ILi) 

s, Sella; rz, nasion; pr, prosthion; pg, pogonion; NSL, nasion-selfa line; NL, nasal line; ILs, upper incisor line; ML, mandibular line; I.&i, lower incisor line, 

changes were evaluated using a paired t test. The error of 
the method had been determined from a previous studyI 
and was found to be + 0.48 degrees for angular measure- 
ments and I 0.15 mm for linear measurements. Comput- 
er-generated superimlpositions were made on the cranial 
base, maxillary implant line, and mandibular implant line 
(Figs. 2 and 3). The cranial base superimpositions were 
used to demonstrate general facial changes and rotational 
growth changes of the jaws, while superimposition on the 
maxillary implant line was used to assess dentoalveolar 
changes in the maxillae. Superimpositions on the mandib- 
ular implant lines allowed the determination of dentoalve- 
alar changes in the mandible (Table III). The midlines of 
the maxillary and mandibular dental arches were refer- 
enced to their respective skeletal midlines using anatomic 
midlines established on the frontal cephalometric films. 

Computed tomography 

The potential changes in the density of the bone caused 
by an increase in the vertical dimension of occlusion of the 
mandible were assessed using computed tomography. Af- 
ter 3 months of wearing the splint, each animal was scanned 

by a modified GE CT 9800 scanner (GE Ndedicaj Systems, 
Milwaukee, Wise.) using 140 kV and 210 mA. Contiguous 
1.5 mm thick axial scans were made from the lower border 
of the mandible to the midorbital region and 3 mm scans 
were made from the posterior border to the insertion site 
of the temporal muscle. Comparisons were made between 
the right and left sides, and between the experimental 
and control animals using techniques described by Miller 
et a1.g 

A CT number is related to the volume of a region and 
represents the amount of x-ray deflection and refraction. 
The number can be related to the amount of cortical bone, 
trabecular bone, and other tissue within the voxel. A voxel 
is the three-dimensional region for reception of the radia- 
tion that determines the CT number. While CT numbers 
have been related to density, in this study the CT number 
was used to compare relative density differences. 

Data were collected using software capable of sampling 
small surfaces of bone at different horizontal levels of the 
craniofacial skeleton. The region of interest (ROI) analysis 
of small samples included the inferior part of the mandi- 
ble, condyle, coronoid, process, neck of condyle, and zygo- 
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ig. 3. Reference points on the lateral cephalometric 
head film. 

matic arch to determine a quantitative recording of bone 
density (Fig. 4). The density samples at five horizontal 
slices were completed and analyzed using an unpaired t test 
with a Bonferroni correction.i3 Because of the small sam- 
ple size, the most stringent statistical analysis at the 0.01 
confidence level was chosen. 

ControI animals 

Analysis of lateral cephalometric radiographs performed 
by superimposition of the films made before and after the 
experiment confirmed that the dentition and craniofacial 
skeleton remained stable in all adult control animals (Ta- 
ble III). The analysis of the CT scan confirmed the 
symmetry of the density of the bone in analysis samples 
from the lower mandible, condyle, coronoid process, neck 
of condyle, and zygomatic arch (Table IV). 

Flat splint animals 

Few dentoalveolar changes were seen in the two animals 
that had flat splints for an &month period. The maxillary 
and mandibular dental midline remained coincident with 
the facial midlines over the duration of the experimental 
period. Little or no wear of the maxillary teeth was 
observed. Comparison of the presplint and postsplint 
cephalometrie radiographs showed no signs of intrusion or 
extrusion of the teeth. Analysis comparing pretreatment to 
posttreatment morphologic measurements demonstrated 
no statistically significant changes. Thickening of the PDL 
of the maxillary or mandibular molars or premolars was not 
observed on the presplint or postsplint cephalometric ra- 
diographs. Mobility of maxillary and mandibular molars or 
premolars was not observed by clinical evaluation after 
splint removal. Determinations of the density at the five 
bone levels were completed after 3 months of splint use, 
and ipsilateral comparisons were made between the flat 

splint and control animals. No significant differences were 
found in the density levels as determined by CT scan at the 
level of the lower mandible, condyle, coronoid process, neck 
of condyle, or zygomatic arch (Table IV). 

Vertical dimension of occlusion is maintained by a com- 
bination of eruptive forces and forces applied against the 
occlusal surfaces of the teeth during chewing, bruxism, in- 
cisal clenching, and swallowing.l*, l5 Low level forces may 
also be applied by the soft tissues during rest or sleep.14-i6 
When a splint is placed interocclusally and the equilibrium 
is disrupted, compensation can occur in both the dentoal- 
veolar area and the cranioskeleton. Many variables, in- 
cluding age,17 amount of vertical opening,18 and occlusal 
stabilitys may influence the adaptive response. Our study 
indicated that if the vertical dimension of occlusion was 
opened minimally with even anterior and posterior contact 
of the opposing teeth, the dentoalveolar and cranioskeletal 
changes were minor. 

Numerous investigators1g-22 have shown that increasing 
the vertical dimension of occlusion with one or two teeth 
has resulted in mobility of the involved teeth, widening of 
the periodontal ligament, and intrusion of the involved 
teeth. However, when splints cover posterior teeth, includ- 
ing molars and premolars, the literature is divided. Ram- 
fjord 2 increased the vertical dimension of occlusion in five 
adult rhesus monkeys for 36 months with splints covering 
the molars and premolars, and found that the posterior 
teeth affected by the increased vertical dimension were 
progressively intruded into the alveolar process. Their 
findings were supported by clinical studies5 and reports of 
treatment on patients. 6, 23 Our findings differ from the 
findings in Ramfjord and Blankenship’s study2 in that the 
dentition in our study remained stable, and impaction of 
teeth did not occur. The important difference from our 
study was that Ramfjord and Blankenship increased the 
vertical dimension with occlusal splints covering the mo- 
lars and premolars, while we covered the anterior teeth as 
well. Their findings seem to be consistent with other 
studies in which the entire dentition was not covered. Our 
findings tend to support the concept that, moderate in- 
creases in the vertical dimension, while maintaining QC- 
clusal stability, will not lead to tooth impaction, PDL 
changes, or increases in mobility. 

Previous studies evaluating bony changes in the TMJ 
have shown confiicting results. Ramfjord and Blanken- 
ship,2 with five adult monkeys that had splints designed to 
increase the vertical dimension of occlusion 7 mm at the 
incisors, determined that histologic evaluations of the TMJ 
were within normal limits. Gianelly et al.* increased the 
vertical dimension of occlusion 3 mm at the level ofthe first 
molar for 90 days on two adult rhesus monkeys and noted 
extensive resorption of cancellous and cortical bone of the 
ascending ramus, the neck of the condyle, and the artieu- 

lating surface of the eondyle. Gianelly et al.* noted that oc- 
clusal contact was only on the distal molars, a fact that may 
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Fig. 4. Schematic demonstration of the sites of small area analysis in five selected regions. 
A, A lateral scout view of the primate in which each of the sites for bilateral analysis are 
noted. B, CT slice of lower mandible with small circle outlining area analyzed. C, CT siice 
showing sample analysis of condyle and coronoid process. D, CT slice and sample from the 
neck of the condyle. E, CT slice where samples of the zygomatic arch were completed. 

Table III. Morphologic measurements in experimental and control monkeys 

Flat splint 

Measurement 

Sagittal 
Skeletal 

Pretreatment Posttreatment Controls 

Mean SD Mean SD Ml?Cin SD 

S-n-p 
s-n-pg 
pr-n-pg 

Deatoalveolar 

NSL-ILS 
NL-ILs 
ML-ILi 
ILs-ILi 

Vertical 
Skeletal 

NSL-NL 
NL-ML 
NSL-ML 

104.5 5.0 105.5 13.4 101.0 4.0 

80.5 7.8 81.5 9.2 81.0 6.0 

24.0 5.6 24.0 4.2 20.3 2.1 

69.0 2.8 71.0 1.4 65.0 4.6 

143.0 12.0 142.0 12.0 145.0 1.5 
132.0 9.2 131.0 4.2 126.0 17.0 

84.0 14.0 84.0 11.0 88.0 14.0 

25.0 11.0 23.0 11.0 26.0 2.3 

5.5 2.8 3.6 4.9 3.8 1.6 

27.0 2.1 26.0 5.6 27.0 6.7 

Anguiar measurements are listed in degrees and linear measurements are listed in millimeters. 
A paired t test comparing pretreatment and posttreatment measurements showed no significant difference. 
Abbreviations as in Table II. 
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Table XV. Bone density in selected mandibular regions 

Region 
Control Flat splint 
(n = 5) (n = 2) 

Lower mandible 

Condyle 
(anterior) 

Coronoid 

Neck of condyle 

Zygomatic arch 

rt 1069 1098 
1t 1123 1060 
rt 642 1051 
1t 723 992 
rt 1097 1161 
1t 1028 1196 
rt 649 936 
1t 662 834 
rt 1146 1254 
It 1133 1210 

CT numbers represent bone density at five different levels of the mandible. 
No statistically significant differences were seen in comparing animals with 
flat splints with control animals. 
rt, Right; It, left. 

have contributed to the severity of their histologic findings. 
Although our data indicated a trend toward higher bone 
density of the anterior condyle of the experimental ani- 
mals, the finding was not statistically significant at the 
p = 0.01 level. There are two possible explanations for the 
finding: (1) the small sample size and (2) previous studies9 
using the same computer software as ours have shown the 
anatomic variability in bone density of the anterior aspect 
of the condyle. 

Data also indicated a trend toward greater density in the 
neck of the condyle bilaterally for the experimental ani- 
mals, but this was not significant at the 0.01 level. The 
adaptive nature of the subcondylar region has been well 
documented.3> 4, 24, 25 Hiniker and Ramfjord evaluated 
anterior displacement of the mandible and reported that 
most of the adaptive changes occurred in the dentoalveo- 
lar region, although some resorption and repair on the an- 
terior aspect of the neck of the condyle was seen. Blanken- 
ship and Ramfjord induced lateral shifts in adult rhesus 
monkeys and saw numerous osteoblasts and reversal lines 
in the bone, indicating rapid rebuilding of the entire trabe- 
cular system of the neck of the condyle. Using strain 
gauges, Ilylander 25 has shown that the subcondylar region 
is under both compression and tension. The subcondylar 
region may therefore be more susceptible to altered load- 
ing and remodeling. Future studies with increased numbers 
of animals will hopefully determine the timing and extent 
of cranioskeletal compensation to an increased vertical di- 
mension of occlusion. 

Transferring results from animal experimentation to 
clinical applications in humans must be done with caution. 
The skeletal relationship in the rhesus monkey is a close 
model to humans.26, 27 However, the maxillae in the mon- 
key are more anterior than the maxillae in humans. The 
longer fulcrum arm created by the anterior position of the 

dentition may influence the adaptive response to an 
increased vertical dimension Therefore, comparisons to 
humans need to be done carefully. 

In humans, the vertical dimension of occlusion is estab- 
lished with an evaluation of the effect on speech. Although 
the results of our study show no impaction of the dentition 
with moderate increases in the vertical dimension, the ef- 
fects of an increased vertical dimension of occlusion on hu- 
man speech need to be considered. 

REFERENCES 

1. Breitner C. Further investigations of bone changes resulting from 
experimental orthodontic treatment. Am J Orthod Oral Surg 1941; 
27:605-32. 

2. Ramfjord SP, Blankenship JR. Increased occlusal vertical dimension in 
adult monkeys. J PROSTHET DENT 1981;45:74-83. 

3. Blankenship JR, Ramfjord SP. Lateral displacement of the mandible in 
the Rhesus monkeys. J Oral Rehabil 1976;3:83-99. 

4. Gianelly AA, Ruben MP, Risinger R. Effect of experimentally altered 
occlusal vertical dimension on temporomandibular articulation. J 
PROSTHETDENT 1970;24:629-35. 

5. Christensen J. Effect of occlusion-raising procedures on the chewing 
system. Dent Practitioner 1970;20:223-38. 

6. Lammie GA, Storer R, Osborne J. The use of onlays in partial denture 
construction. Br Dent J 1956;100:33-42. 

7. Thompson JR. The rest positionof the mandible and its significance to 
dental science. J Am Dent Assoc 1946;331:151-79. 

8. Carlsson GE, Ingervall B, Gulumser K. Effect of increasing vertical di- 
mension on the masticatory system in subjects with natural teeth. J 
PROSTHET DENT 197%41:284-g. 

9. Miller AJ, Cann CE, Nielsen I, Roda G. Craniomandibular bone den- 
sity in the primate as assessed by computed tomography. Am J Orthod 
1988;93:117-28. 

10. Glickman I, Weiss LA. Role of trauma from occlusion in initiation of 
periodontal pocket formation in experimental animals Periodoat 
1955;26:14-20. 

11. Bjork A. Facial growth in man, studied with the aid ofmetallic implants. 
Acta Odontol Stand 1955;13:9-34. 

12. Nielsen IL, Bravo LA, Miller AJ. Normal maxillary and mandibular 
growth and dentoalveolar development in Mucaca mulatta: a longitu- 
dinal cephalometric study from 2 to 5 years of age. Am J Orthod 1989; 
96405-15. 

13. Glantz SA. Primer of biostatistics. 2nd ed. New York: McGraw Hill 
Book Co, 1987:89. 

14. Profitt WR, Sellers KT. The effect of intermittent forces on eruption of 
the rabbit incisor. J Dent Res 1986;65:118-22. 

15. Profitt W. Equilibrium theory revisited: factors influencing position of 
the teeth. Angle Orthod 1978;48:175-86. 

16. Miller AJ, Vargervik K. Neuromuscular changes during long-term ad- 
aptation of the rhesus monkey to oral respiration. In: McNamara JA Jr, 
ed. Nasorespiratory function and craniofacial growth. Craniofacial 
growth series. Monograph No. 9. Ann Arbor: Center for Hunan Growth 
and Development, University of Michigan, l-26. 

17. Fields HW, Pro&t WR, Vig KWL. Variables affecting measurements of 
vertical occlusion force. J Dent Res 1986;65:135-8. 

18. McNamara JA. An experimental study of increased vertical dimension 
in the growing face. Am J Orthod 1977;71:382-95, 

19. Box HK. Experimental traumatogenic occlusion in sheep. Oral Health 
1935;25:9-15. 

20. Glickman I, Stein RS, Smulon JB. The effect of increased functional 
forces upon the periodontium of splinted and non-splinted teeth. J Pe- 
riodont 1961;32:290-300. 

21. Glickman I, Weiss LA. Role of trauma from occfusion in initiation of 
periodontal pocket formation in experimental animals. J Periodont 
1955;26:14-20. 

22. Waerhaug J, Hansen ER. Periodontal changes incident to prolonged 
occlusal overload in monkeys. Acta Odontol Stand 1966;24:91-105. 

706 MAY1992 VOLUME67 NUMBER5 



INCREASED VERl’ICAL DIMENSION OF OCCLUSION 

23. Weinberg LA. Vertical dimension: a research and clinical analysis. J 
PROSTHET DENT 1982;47:290-302. 

24. Hiniker JJ, Ramfjord SP. Anterior displacement of the mandible in 
adult Rhesus monkeys. J PROSTHET D~~~1966;16:503-12. 

25. Hylander WL. An experimental analysis of temporomandibular 
joint reaction force in macaques. Am J Phys Anthropol 1979;51: 
433-56. 

26. McNamara JA, Riolo ML, Enlow DH. Growth of the maxillary complex 
in the rhesus monkey O&xxa mulattaj. Am J Phys Anthropol 1976; 
44:15-26. 

27. McNamara JA, Graber LW. Mandibular growth in the rhesus monkey 
(Macaca mulaita). Am J Phys Anthropol 1975;42:15-24. 

Reprint requests to: 
DR.DONALDA.CURTIS 
Box0758 
DEPARTMENTOF RESTORATIVEDENTISTRY 
SANFRANCISCO,CA 94143 

Contributing author 

Ib L. Neilsen, DDS, Clinical Professor, Department 
of Growth and Development, University of California 
School of Dentistry, San Francisco, Calif. 

omparison of the physical properties of 11 soft ~e~t~~~ 

E. R. Dootz, CDT,a A. Koran, DDS,b and R. G. Craig, PhD,C 
Schocl of Dentistry, University of Michigan, 
Am Arbor, Mich. 

Soft denture liners are an important treatment option for patients who have 
chronic soreness associated with their prostheses. The objective of this study is to 
determine the tensile strength, elongation, hardness, tear strength, and tear energy 
of eight plasticized polymers or copolymers, two silicones, and one polyphospha- 
zene iuoroelas:tomer. Tests were made on samples that were stored in a humidor 
for 24 bours before testing. The range of data is as follows: tensile strength, 8 to 85 
kg/em2; percent elongation, 150% to 542%; hardness, 25 to 95 Shore-A units; tear 
energy, 1.43 x lo6 to 40.4 x lo6 ergs/cm2; tear resistance, 2.6 to 26.3 kg/cm. It can 
be concluded that (1) the data obtained can be useful in characterizing the perfor- 
mance of soft denture liners, (2) there is considerable variability in the physical/ 
mechanical properties of soft denture liners, and (3) the required essential 
properties for soft denture liners are as yet not known. (J PROSTHET DENT 

1992;67:707-12.) 

he success of complete or partial dentures de- 
pends on comfort, esthetics, and function. A considerable 
number of denture wearers have chronic soreness.’ The soft 
denture-bearing mucosa is confined between the hard den- 
ture base and the bone, and during normal function dam- 
age can be done to the tissues, resulting in chronic soreness. 
This problem is even more pronounced for those patients 
who have diabetes or other debilitating diseases or for ge- 
riatric patients.2, 3 Soft denture liners provide a cushion for 
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the denture-bearing mucosa, and this provides comfort for 
patients.4 Soft denture liners are also valuable when treat- 
ing patients with (1) ridge atrophy or resorption, (2) bony 
undercuts, (3) bruxing tendencies, (4) congenital or ac- 
quired oral defects requiring obturation, (5) xerostomia, 
and (6) dentures opposing natural dentition2 

At best, currently available products are considered 
temporary expedients since their service expectancy does 
not compare with that of the rigid denture base.3 Failures 
are associated with poor physical and mechanical proper- 
ties5-7 and fouling or color changes of the liners by fungal 
growth, processing variables or cleansing agents.8-13 Gonza- 
lez and Laney14 listed color stability, bond strength, long- 
term resiliency, ease of finishing, abrasion resistance, and 
adequate strength as necessary requirements for soft liners. 

The object of this investigation is to compare the phys- 
ical and mechanical properties of eight plasticized poly- 
mers or copolymers, two silicones, and one polyphospha- 
zene fluoroelastomer. Since many of these products have 
been recently introduced to the dental profession, a com- 
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