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I ncreases in the vertical dimension of the face occur during normal 
growth, but they can also result from orthodontic intervention. Both transient 
and permanent alterations in bite opening have been documented as a result of 
various clinical procedures, such as the use of cervical headgear,‘, z intermaxillary 
elastics,?, 3 and maxillary bite plates.“, 5 Thompson and Brodie,F among others, 
have noted muscular alterations and hare stated that when the vertical dimen- 
sion is increased beyond the physiologic limits of the masticatory and facial MUS- 
culaturc, the resting length of these muscles is restored through the resorption 
of underlying bone and the depression of the dcntition. 

Most experimental studies of bite opening have focused on the effect of bite- 
opening appliances on the dentoalveolar region.7-1” Very few studies have con- 
sidered adaptations elsewhere in the craniofacial complex. One such study that has 
is that of Sergl and Farmandl’ who: in a cephalometric study on young rabbits, 
reported that after placement of a unilateral bite splint, compensatory growth 
occurred to such an extent that the occlusion on the side opposite the splint was 
restored within the Y-week experimental period. The adaptations produced were 
not limited to the dentoalrcolar region, since cranial asymmetries were evident 
in these animals. 

In a hist,ologic study in the rhesus monkey, Gianelly and associates12 studied 
the effect, of artificially produced occlusal trauma on the structure of the tempo- 
romandibular joint region. A maxillary posterior bite splint was con&ructed 
bilaterally, so that occlusal contact was possible only in the molar region. It was 
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reported that traumatic changes in the temporomandibular joint occurred, in- 
cluding both a flattening of the mandibular condyle and resorption in the glenoid 
fossa and along the posterior aspect of the articular eminence.lz In a series of 
other primate studies, Breitncr’+ls investigated changes in the craniofacial region 
after the placement of a bite splint, which was equilibrated so that no occlusal 
disharmony was produced. He noted the occurrence of adaptations in the dento- 
alveolar region, including the depression of posterior teeth, the extrusion of an- 
terior teeth, and in one instance an alteration in ocelusal relations; changes in 
the temporomandibular joint, in the gonial region, and along the lower border 
of the mandible were also noted. 

These experimental studies suggest that increases in vertical dimension result 
in adaptations which are not limited to the dcntoalveolar region but, rather, 
occur throughout the craniofacial complex. However, the exact qualitative nature 
of these changes, particularly in the maxillary region, has not been fully docu- 
mented. Nor is it known at presant to what degree the expression of these 
adaptations in the craniofacial region is quantitatively related to the amount of 
vertical opening. The purpose of the present study was to document craniofacial 
adaptations resulting from five diecrent step-wise increases in the vertical di- 
mension of the growing face. 

Materials and methods 

Five male rhesus monkeys (Macaca mulatta) were used in this study. Each 
animal had a fully erupted deciduous dentition and erupting or erupted first 
permanent molars. With stages of dentitional development used as a basis for 
estimating agc,lG these animals were considered to be 18 to 29 months of age at 
the beginning of the study. 

Each monkey was prepared for serial cephalometric analysis before the onset 
of the experiment. Tantalum implantsI were placed in various regions of the 
craniofacial complex. Four to six implants were placed bilaterally in the mandi- 
ble, and five implants were placed bilaterally in the maxilla. Three implants were 
placed in the midline of the frontal bone, and four to six pins were placed in the 
cranial base via an intraoral approach. 18-20 These implants made it possible to 
monitor growth changes within each craniofacial region and between regions. 

Serial cephalometric radiographs were taken (using Kodak Type M industrial 
film) in a primate head holder that was specially designed for longitudinal 
studies on monkeys. In order to obtain a better visualization of the temporoman- 
dibular joint, two films were taken at each interval, one with the animal’s mouth 
closed and one with the mouth open. Each film was then enlarged three times to 
allow for a more precise tracing of the structures of the craniofacial region. 

In order to determine a baseline for normal growth in the five experimental 
animals, prior to the start of the experiment each animal underwent a control 
period ranging from 12 to 20 weeks (Table I). Data from twenty-seven un- 
treated monkeys at the same stage of dentitional development were used for 
comparison.1s-20 

The experimental period lasted for 12 weeks in two animals and for 20 weeks 
in three animals (Table I). An increase in the vertical dimension of the face was 
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Fig. 1. The cast-gold bite splint used in this study. A, 3 mm.; B, 15 mm. 

Tuble I. Experimental design 

Animal 

Bite Control 
opening period 

(mm. i (weeks1 

Experimental 
period 

/weeks) 

Posttreatment 
period 

(weeks1 

A 2 12 20 - 
B 3 12 12 - 
C 5 12 12 - 
D 10 12 20 20 
E 15 20 20 20 

produced by opening the bite 2, 3, 5, 10, or 15 mm. (measuring from the incisal 
edges of the anterior teeth) by means of a cast-gold overlay which extended pos- 
teriorly from the maxillary canine teeth to the first molars (Fig. 1). The appli- 
ances were equilibrated in the mouth to allow for maximal occlusal contact of the 
posterior teeth. 

Cephalometric radiographs were taken at the beginning of the control period, 
at the beginning of the experimental period, and at the end of the experimental 
period after the appliances had been removed (Table I). The animals in which 
the bite had been opened 10 or 15 mm. were followed for an additional 20-week 
observation period to permit the analysis of posttreatment changes. 

Results 

The animals generally continued to eat and drink normally and showed a con- 
sistent weight gain after placement of the appliances. Those animals in which the 
bite was opened 10 or 15 mm. experienced some difficulty in chewing during the 
first few days, but they quickly learned to use the buccal musculature for manipu- 
lation of the bolus. No special diet was needed. 

At the end of the experimental period the appliances were removed from all 
animals. Those animals in which the bite had been opened 2 to 5 mm. showed no 
measurable alteration in occlusion (Fig. 2, A). The animal whose bite had been 
opened 10 mm. demonstrated a slight lateral open-bite and an end-on molar re- 
lationship (Fig. 2, B). The animal in which the bite had been opened 15 mm. den- 
onstrated a lateral open-bite and a tendency toward an end-on molar relation- 
ship (Fig. 2, C) . 
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Fig. 2. Intraoral photographs of the occlusal relationships at the end of the experimental 
period. A, Animal with 2 mm. bite opening; B, animal with 10 mm. bite opening; C, ani- 
mal with 15 mm. bite opening. 

Analysis of mandibular adaptations 

The findings in this study are most easily described by dividing the experi- 
mental animals into two groups: those animals having a bite opening of 2 to 5 
mm. and those animals having a bite opening of 10 or 15 mm. Mandibular adap- 
tations were monitored by superimposing the mandibular implants in serial 
cephalograms. 

During the control period the mandibular growth of these animals was 
typical of animals at this stage of dentitional development. Growth at the con- 
dyle occurred in an upward and backward direction and the ramus was relocated 
posteriorly (Figs. 3 and 4). The dentition migrated in a forward and upward 
direction. 

During the experimental period the following adaptations were observed : 
Vertical opening of 2 to 5 W)L Few experimentally induced changes occurred 

in the mandibles of this group. The amount and direction of condylar growth 
were unaltered in the animals whose bites were opened 2 and 3 mm., as was in- 
dicated by a comparison between the control and experimental periods (Fig. 3). 
In the animal with a bite opening of 5 mm. the amount of vertical growth at the 
head of the condyle was decreased during the experimental period. This reduc- 
tion in vertical growth resulted in a more posterior orientation in the direction 
of growth of the mandibular condyle. However, in all three animals in this group 
the condylar-ramus-occlusal (CRO) angle (Fig. 3) closed during both the con- 



Fig. 3. Mandibular adaptations in the animal whose bite was opened 3 mm. This animal 
underwent a 12-week control period, followed by a 12-week experimental period. Note 

that the amount and direction of condylar growth were similar for the control and 

experimental periods. Note also that the angle formed by a line along the posterior 

border of the ramus and the posterior border of the condyle and through the occlusal 

plane (condylar-ramus-occlusal or CR0 angle) closes during both the control and experi- 

mental periods. Also, note the lack of vertical development in buccal segments and the 

compensatory drifting of the dentition observed during the experimental period. Super- 

imposition is on the mandibular implants. (Figs. 3 to 8, the solid line represents the begin- 

ning of the control period, the dashed and dotted line represents the beginning of the 

experimental period, and the dashed line represents the end of the experimental period. 

The teeth are indicated as follows: A, central incisor; C, cuspid; E, second deciduous molar; 
and 6, first permanent molar.) 

Fig. 4. Mandibular adaptations in the animal whose bite was opened 15 mm. 

This animal underwent a 20-week control period, followed by a 20-week experimental 
period. The most signiticant finding in this animal was the amount of resorption at the 

gonial angle during the experimental period. Condylar growth and bone deposition and 

resorption in other regions were relatively unaffected by the experiment. Note the in- 
hibition of eruption of the buccal segments and the compensatory migration of the anterior 

teeth. Superimposition is on the mandibular implants. 
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Fig. 5. Maxillary adaptations in the animal with the 3 mm. bite opening. Note the inhibi- 
tion of eruption of the buccal segments and the slight compensatory migration of the 
anterior teeth during the experimental period. The first molar completed its eruption 
into occlusion during the control period. Superimposition is on the maxillary implants. 

Fig. 6. Maxillary adaptations in the animal with the 15 mm. bite opening. The downward 
and forward migration of the buccal segments was not inhibited in this animal. Compen- 
satory tooth migration, particularly of the central incisors, was evident during the experi- 
mental period. The permanent central incisors erupted during the control period. Super- 
imposition is on the maxillary implants. 

trol and experimental periods, indicating that no increase in the rate of pos- 
terior growth occurred at the head of the condyle relative to the other parts of 
the mandible. Normal bone deposition was observed along the lower border of 
the mandible and in t,he symphyseal region in both the control and experimental 
periods. In addition, there was no change in the rate of either bone deposition 
along the posterior border of the ramus or bone resorption along the anterior 
border of the ramus. 

The effect of the appliance on the mandibular dentition was primarily re- 
stricted to a reduction in the amount of vertical migration of the buccal segments 
(Fig. 3). In addition, limited compensatory changes were observed in the canine 
and incisor region as a result of the placement of the appliance. These adapta- 
tions usually resulted in a slight forward migration of the lower canines and a 
slight upward migration of the lower incisors. 

Vertical opening of 10 and 15 mm. Condylar growth in the two animals in 
this group was not altered during the experimental period. No significant in- 
creases or decreases in either the amount or the direction of condylar growth 
were noted, although the CR0 angle remained constant rather than decreasing 
during the experimental period (Fig. 4). The most significant skeletal adaptation 
in the mandible occurred in the remodeling of the gonial region. The gonial 
region normally has an irregular remodeling pattern; however, in the animal with 
the 15 mm. bite opening, bone resorption occurred to a much greater extent than 
is usually observed during normal growth. 

An inhibition of eruption of the buccal segments occurred during the ex- 
perimental period in this group (Fig. 4). However, it should be noted that, even 



Fig. 7. Displacement of the maxillary complex in the animal whose bite was opened 3 

mm. Note the downward and forward movement of the maxillary and premaxillary 
implants during the control period. During the experimental period the premaxillary im- 

plant was displaced forward and upward while the maxillary implant was displaced only 

in a forward direction. The movement of the implants during the control and experimental 

periods is indicated by the change in direction of the arrows. Note also the upward and 

forward displacement of the palatal outline during the experimental period. Super- 

imposition is on the implants in the cranial base and upon the outline of the endo- 

cranial surface of the orbital roof. 
Fig. 8. The displacement of the maxillary complex in the animal whose bite was opened 

15 mm. This animal underwent a 20.week control period and a 20.week experimental 
period. Note the downward and forward movement of the maxillary and premaxillary 

implants during the control period. During the experimental period the maxillary com- 

plex was displaced forward and upward, as indicated by the movement of the implants. 

Note also the superior and forward repositioning of the palatal outline and the forward 
movement of the buccal segments during the experimental period. Superimposition is 

on the implants in the cranial base and on the outline of the endocranial surface of the 
orbital roof. 
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with a 15 mm. bite opening, no intrusion of the lower buccal segments was ob- 
served. Compensatory tooth migration in the anterior region was also noted. This 
resulted in a vertical migration of the teeth in the canine and incisor regions. 

Analysis of maxillary adaptations 

The amount of localized bone deposition and resorption and the movement of 
the maxillary dentition relative to the maxilla were monitored by superimposing 
tracings on implants within the maxillary region. During the control period, the 
five experimental animals exhibited patterns of growth which were typical of 
juvenile monkeys (Figs. 5 and 6). Minimal downward and forward migration of 
the buccal segments occurred. A slightly greater downward and forward movc- 
ment of the canine and incisor regions was evident. Deposition of new bone oc- 
curred to a greater extent in the anterior portion of the maxilla, particularly 
in the region adjacent to the roots of the upper incisor teeth. 

During the experimental period the following adaptations were observed : 
Vertical operlillg of 2-5 mm. Since the appliances were cemented on the 

canines, deciduous molars, and first permanent molars (a process which effectively 
splinted these teeth together as a single unit), it was expected that little move- 
ment would be evident in these structures. In the three animals in this group, the 
buccal segments remained stable without any appreciable downward or forward 
movement (Fig. 5). However, compensatory tooth movement was observed in the 
anterior region, where an increase in the vertical migration of the upper incisors 
was observed, apparently as a result of the open-bite created by the appliance. 
The areas of normal bone deposition in the anterior region of the maxillary com- 
plex were unaffected. 

Vertical openi,lg of 20 nerd 15 mm. Downward and forward migration of 

the buccal segments was observed in these t\vo animals (Fig. 6). There was no 
intrusion of the posterior teeth. The amount of compensatory tooth migration in 
the anterior region was also increased. The upper incisors migrated inferiorly, 
again in an apparent attempt to close the open-bite. This anterior migration was 
accompanied by localized bone remodelin, w of the adjacent alveolar areas (Fig. 
61. 

Analysis of maxillary displacement 

In order to monitor the amount and direction of the displacement of the 
maxillary complex relative to cranial structures, tracings were superimposed 
on implants in the cranial base, in the frontal bone, and on the outline of the 
inferior portion of the endocranial surface of the orbital roof. During the control 
period, the five experimental animals demonstrated normal patterns of midfacial 
development. The maxillary complex grew in a downward and forward direction, 
as indicated by the movements of the premaxillary and maxillary implants (Pigs. 
‘7 and 8). The movements of these implants also indicated the slight counter- 
clockwise rotation of the maxillary complex that occurred during normal growth. 

During the experimental period, the following adaptations were observed : 
Verticnl ope&g of 2 to 5 mm. In contrast to the previously described findings 

within the mandible and maxilla, significant adaptations were observed in the 



displacement of the maxillary complex in this group of animals. Downward 
migration of the maxillary complex was reduced during the experimental period, 
and the expression of this growth was more anterior in direction. There was an 
upward and forward displacement of the premaxillary implant in all of the ani- 
mals, which accentuated the counterclockwise rotation observed during the con- 
trol period. The normal downward displacement of the palate was also reversed 
during the experimental (Fig. 7). 

The normal downward and forward movement of the maxillary deiititiOn rela- 
tive to the cranial structures was also altered. The downward migration was in- 
hibited while the maxillary dentition moved more anteriorly (Fig. 7). The ante- 
rior teeth were displaced in a slightly upward (Erection. 

Vertical ope&q of 20 and 15 VWL. The two animals in this group experienced 
alterations in maxillary displacement similar to those observed in the other three 
animals in the study, but the expression of these changes was more dramatic in 
the animals in which the bite had been opened to a greater extent. The amount of 
anterior maxillary displacement was two to t,hree times as great as that occurring 
during the control period (Fig. S) In addition, the normal downward displace- 
ment of the maxillary complex was reversed, that is, there appeared to be an up- 
ward displacement of the nasomaxillary complex. This was especially evident in 
the anterior portion of the maxillary complex, where the premaxillary implant 
had been displaced superiorly. 

An increase in the amount of the forward movement of the upper buccal seg- 
ments was also evident in these animals (Fig. 8). The amount of forward dis- 
placement was so great in the animal whose bite was opened 10 mm. that, upon 
appliance removal, an end-to-end relationship of the maxillary and mandibular 
tlcntitions resulted (Fig. 2). 

Posttreatment adaptations 

The appliances were removed from the animals with 10 and 15 mm. bitt 
openings at t,he end of the experimental period. These monkeys were then fol- 
lowed for a 20-week observation period, during which time no type of retention 
device was used. 

Nandibulnr udaptatiows. The changes that occurred in the mandible during 
the posttreatment period wcrc primarily dentoalveolar in nature. Because of the 
lateral open-bite created by the appliance, the lower buccal segments were es- 
truded during the 20-meek posttreatment period (Fig. 9). Compensatory tooth 
movement also occurred in the anterior region. 

Skeletal growth in the mandible was relatively unaffected. There was no 
change in either the amount or the direction of growth a.t the mandibular con- 
dyle. However, there was a reversal of the resorptive pattern that occurred in the 
gonial region during the experimental period. This may have been due to the 
re-establishment of the vertical dimension after appliance removal. 

3~adlnry cdapfafious. As in the mandible, the principal adaptations in the 
maxillary region were dentoalvcolar in nature. As bite closure took place dur- 
ing the posttreatment period, there was a slight extrusion of the buccal segments, 
as well as an upward tipping of the central incisors. 

Xcrzillnry displacewent. The normal downward and forward displacement, 
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Fig. 9. Mandibular adaptations during the experimental and posttreatment periods in the 

animal with the 15 mm. bite opening. The resorption of bone in the gonial region was 

reversed during the posttreatment period. An upward and forward movement of the 

buccal segments occurred during the posttreatment period, presumably in response to 

the lateral open-bite created by the appliance during the experimental period. (In Figs. 

9 and 10, the dotted and dashed line represents the beginning of the experimental 

period, the dashed line represents the end of the 20-week experimental period, and the 

dotted lines represents the end of the 20-week posttreatment period.) 

Fig. 10. Maxillary displacement of the animal with the 15 mm. bite opening during the 
experimental and posttreatment periods. The maxillary complex was displaced downward 

and forward during the posttreatment period, in a direction which approximated that ob- 

served during the control period. The palatal outline moved downward and forward, 

as did the teeth in the buccal segment. Compensatory adaptations were also observed in 

the anterior teeth. Superimposition is on the implants in the cranial base and on the out- 

line of the endocranial surface of the orbital roof. 

of the maxilla relative to the cranial base and cranial floor structures resumed 
during the posttreatment period (Fig. 10). The amount of forward migration of 
the maxillary and premaxillary implants was similar to that observed during the 
control period; the amount of downward migration of these implants was greater 
than during the control period, presumably in response to the relative upward 



Fig. 11. Intraoral photograph of the occlusal relationship of the animal with the 10 mm. 
bite opening 20 weeks after appliance removal. 

displacement of these implants during the experimental period. The upward 
displacement. of the palate observed during the cxperimcnbal period was also re- 
versed during the posttreatment phase. 

Dentoalveolar adaptat,ions that occurred tlnrin g this posttreatmcW period in- 
cluded a downward and forward movement of the huccal segments, a downward 
and slightly forward movement of the canines, ant1 a forward movement of the 
anterior teeth. 111 the animal with the 10 mm. bite opening the amount of forwartl 
movement tluring this periotl maintairretl the end-on molar relationship that was 
observed at the end of the experimental period (Fi g. 17 ). However, the differen- 
tial eruption of teeth allowed for the re-establishment of a Class I molar relation- 
ship in the animal with the 15 mm. bitt opening. 

Discussion 

Results of this st’udp indicate that, when the vertical dimension of the face 
is altered, significant structural adaptations occur throughout bhe craniofacial 
complex. These adaptations are not limited to a single region or area, and the! 
appear to be dependent on the amount of bite opening. The region of the face 
most affected by changes in vertical dimension appears to bc the masillary com- 
plex and its relationship with cranial structures; t.hc sutural system that exists 
between the maxillary complcs and the cranial base and cranial floor appears to 
be the area in which adaptations occur most, readily. Adaptations occurred in the 
displacement of the maxillary complex in all five of the t~xpcrimental animals ob- 
served in this study, even when the amount of bite opening was as little as 2 mm. 

Although the severity of its expression depended on t,he amount of bite open- 
ing, the manner in which this adaptation was expressed is uniform. When t,he 
vertical dimension of the face was increased through the placement of the ap- 
pliance, the downward vector of this displacement was impeded and in some eases 
even reversed, so that an upward displacement of the maxillary complex resulted. 
Moreover! displacement of the maxillary c~omplcx appearrcl to gain an additional 
anterior component, so that by the cad of the experiment the maxilla was in a 
more forward position than it would have been without experimental interven- 



tion. The forward displacement of the maxillary complex resulted in an alteration 
in the occlusal relationship, particularly in the animal with the 10 mm. bite open- 
ing, where an end-to-end molar relationship was produced. In a related experi- 
ment, a similar alteration in occlusal. relationship in one adult monkey was ob- 
served hp Breit1ler.l” 

It, can he assumed that a severe bitt opening, which causes the mandible 
to function in a partially rotated position? produces a change in the vector of 
forces generated by the masticatorp musculature. The opening of the bite pro- 
duces muscular forces which have a more anterior vector and thus may be respon- 
siblc for a more forward displacement of the maxillary coml~lex. It is interesting 
to note that the forward displacement of the maxillary complex was maintained 
in the two animals that were followed for a 20-week posttreatment period. During 
this period, there was a. more normal rate of downward and forward displace- 
ment. However, a greater downward displacement of the maxillary complex oc- 
curred during the posttreatmcnt period, presumably in an attempt to overcome 
the upward displacement that occurred during the experimental period. Although 
the altered molar relationship produced during the experimental period in the 
animal whose bite was opened 15 mm. was reversed during the posttreatment 
phase, this was due to tlentoalvcolar adaptation rather than skeletal changes in 
the maxillary complex. The end-to-end occ.lusal relationship in the animal with 
the 10 mm. bite opening was maintained during the posttreatment period. 

The growth of the mandible was relatively unaffected by the experiment. The 
only significant finding was that a dqrcc of localizrtl boric resorption occurred 
in the area of t,he gonial angle in those animals in which a large hitc opening was 
produced. This resorption along the lower border of the mandible may have been 
a response to the stresses produced by the associated musculaturr, which was 
elongated by the placement of the appliance. Since muscles which havr been 
clongatcd seek to return to their original resting length, it can be postulat,cd 
that muscle shortening could occur, in part, as a result of the migration of the 
mnsclc at, the muscle-bone interface. This migration of muscle may have resulted 
in the occurrence of bone remotlclillg at the genial angle. The findings obtained 
during the posttreatment period, that is, the fact that the pattern of remodeling 
in the genial angle was reversctl a-Fter appliance removal, tm~d to support this 
proposition. 

Most previous experimental studies of alterations in vertical dimension have 
considered the effect of such procedures on tht dcntition and associated dcnto- 
alveolar structures.i-10 These studies have reported various alterations in dento- 
alveolar structures, including a widening of the periodontal membrane, loosening 
of teeth, resorption of alveolar bone, dentin, and ccmentum, and tooth intrusion. 
Although there were obvious dcntoalvcolar atlaptations obscrrcd in the prcscnt 
study, the amount of these adaptations was minimal when compared to the vari- 
ous skeletal adaptations, particularly those in the maxillary complex. The vertical 
migration of the dentition was inhibited by the placement of the appliance ; hom- 
ever, even in the animals in which extreme bite opening was produced, no sig- 
nificant intrusion of the buccal segments was observed. The mcsial migration of 
the upper buccal segments was observed only in those animals in which severe 
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bite openings had been produced, and the extent of dentitional migration in the 
maxilla was not nearly so great as the displacement, of the whole maxillary com- 
plex relative to t,hr cranial base. 

The extrapolation of the findings of this stud?- to clinical treatment in man 
must bc made with caution. There are obvious differences in the growth and con- 

figuration of the (*raniofacial caomplex in the monkq- and in man.l”~ a’ The mon- 
key, for instance, demonstrates a more anterior development of the nasomaxil1ar.v 
complex; the amount of muxzlc development, howcv~, is not as great in the 
juvenile animals used in this study as it is in adolescent and adult monkeys.“’ 

The results of this study indicate that any increase in the vertical dimension 
of the face, even as little as 2 mm., results in an alteration in craniofacial growth. 
Thus, other procedures which cause an opening of the bite (for (Isample, bite 
plate or posterior hit,c splint therapy) probably have their primary effect in the 
maxillary region. This effect is not so obvious in clinical patients as it is in a con- 
trolled experimental study, partially because the amount of relative bite opening 
is not as great as that produced in an tq~crimcntal sit,uation. Also, changes in 
maxillary position are often masked by difficulties in cranial base superimposition 
in which the “best fit” method of superimposition OII cranial base structures is 
used. 

It may be hypothesized that modifications of the bite-opening appliances used 
in this experiment can be used in certain clinical situations. For example, the in- 
creased forward displacement, of the maxillary complex may bc effected by the 
use of posterior bite splints, particularly in a Class III patient with a deficiency 
in the maxillary complex. This redirection of the forces of the muscles of mastica- 
tion may result in a forward displacement of that. region. It may also be postu- 
lated that such bite-opening appliances may bc useful in cases of open-bite in 
which the inhibition of eruption of the posterior teeth and the extrusion of tht 
upper and lower incisors is desired. 

Summary and conclusions 

Five juvenile rhesus monkeys were used in an experiment designed to study 
the structural adaptations in the craniofacial complex that resulted from in- 
creases in vertical dimension. The bite was opened 2, 3, 5, 10, or 15 mm. by 
means of cast bite splints cemented on tht maxillary arch. Adaptations wcrc 
monitored in these animals by means of seria.1 cephalomet,ric radiography with 
metallic implants. 

The results of this study indicate that a,ny change in the vertical dimension of 
the face results in specific structural adaptations throughout the craniofacial 
complex. The most significant adaptation occurred in the maxillary region, in 
which the normal downward displacement of this region was decreased and t,hc 
anterior displacement was increased. Adaptations were less evident in the mandi- 
ble, except in t.hose animals in which a scvcre bit,c openin g was produced; rrsorp- 
tion in the region of the genial angle was evident. Dentitional adaptations were 
of secondary importance. 

This study demonstrates that the maxillary complex is a very plastic structure 

which responds to changes in bite opening and altered muscle length. The clini- 
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cian should be aware of the changes that result from various alterations of vertical 
dimension to make sure that these changes are not antagonistic to his over-all 
treatment goal. He may also take advantage of these changes when designing 
treatment strategies for certain clinical cases. 

The author thanks Ms. M. C. McBride and Ms. Jody Ungerleidrr for their twhnical assist- 
ance on this project. 
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