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Measurement of the influence of the degree of applied force on the resulting retruded border
position of the mandible established that the position varied significantly in all three dimen-
sions according to variation in the amount of force. On the basis of the analysis of the t-test
(sampling error of 8%), it can be concluded that increasing the manipulative force on the
mandible in the general male population will result in a significant three-dimensional increase
in the distance from centric occlusion to centric relation. The measurement data document the
variability of the retruded centric relation position according to the different amounts of
applied retrusive force. The data question the choice of the retruded border position on the
basis of its clinical repetitiveness.
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he maxillomandibular relation-
I ship between centric occlusion and
centric relation has been a contro-
versial subject. The Glossary of Prosthodontic
Terms defines centric relation as “the most
retruded physiological relation of the
mandible to the maxilla when the condyles
are in the most posterior unstrained posi-
tion in the glenoid fossae from which lat-
eral movement can be made, at any degree
of jaw separation. Centric occlusion is de-
fined as the existing position of maximum
intercuspation. The rationale for position-
ing intercuspation of the dentition (centric
occlusion) at the retruded border position
of the mandible has been the widespread
reliance on the repetitiveness®>* with
which the position can be registered.
Because of the many variables inherent
in current registration techniques, precise
quantitative data are needed to assess the
" reality of repetitiveness. One of several
questions that arises is whether and to
what degree variations in the amount of
manipulated force affect the repetitive-
ness of centric relation. Procedures advo-
cated for the accomplishment of mandibu-
lar retrusion are commonly described in
quantitatively vague empirical terms such
as “jiggling” the mandible, “light centric
relation closure,” and “firmly seat the
condyles in their most posterior positions
in the glenoid fossae.” The specific ques-
tion, “how much force, expressed in
pounds, is applied to retrude the mandi-
ble?,” is not quantitatively answered by

such descriptions.

Several studies have been conducted to
determine the relationship between cen-
tric occlusion and centric relation and var-
ious methods were used to measure the
three-dimensional distance between cen-
tric relation and centric occlusion. The
check bite method,??-¢ graphic method,"®
and electronic method!%*3 have been used
in these studies.

Few studies have analyzed the effect of
quantitative manipulation force on the po-
sition of centric relation. Frederick and
others!* studied the applied force neces-
sary to retrude the mandible to the centric
relation position. No studies have been

conducted that lead to measurements of-

three-dimensional movements of the
mandible as a function of a specific
applied force.

This report is limited specifically to the
occurrence of three-dimensional quantita-
tive changes in centric relation positioning
of the mandible in response to various de-
grees of applied manipulative force.
Other possible variables, such as the effect
of existing muscle tension and the indi-
vidual subject’s muscle resistance to the
application of external pressure, are rec-
ognized butare not within the scope of this
report.

Methods and materials

For the purpose of this study, a gnatho-
retrusive positioner (Fig 1) was designed to pro-
vide measurement of the amount of force being
applied to retrude the subject’s mandible. The
device consists of a molded cup that comforta-
bly fits the chin, a spring-loaded rod and sleeve,
a poundage indicator, and pistol grip. The

Fig 1 = Application of gnatho-
retrusive positioner.
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force applied by the operator acts on the spring
that is calibrated to 5, 10, and 15 Ib of pressure.

The data presented in this report were de-
rived from 16 asymptomatic males ranging in
age from 20 to 47 years. The subjects were
volunteers, selected randomly from the general
population, who had no TM] pain, no muscle
pain, and no joint noise symptoms and, thus,
were categorized as asymptomatic. The subjects
did not have an awareness of the study’s intent.
[An equal number of female subjects initially
were included in this study; however, these sub-
jects had considerable discomfort when the ap-

applied, respectively, using the same proce-
dure. Every subject was subjected to 5-, 10-, and
15-1b forces in the same order. The tracings,
magnified to a gain of 12 times, were recorded
and stored on the Kinesiograph screen and
photographed to obtain a permanent record
(Fig 2).

A study of the repeatability of centric rela-
tion, as a result of the application of gnatho-
retrusive force on the same subject by the same
operator, was conducted on three male subjects,
randomly selected from the study population.
The operator consecutively applied 5-, 10-, and

Fig 2, left and right = Two cases showing the effect of force on the position of centric occlusion.

0.5mm /div.

plication of force to the mandible was increased
beyond 5 Ib. Consequently, this group was elim-
inated from this study. This lesser toleration of
increased pressure suggests that there could be
a genetic difference between the genders that
might cause the greater incidence of musculo-
skeletal disturbance of the head and neck (TM])
in females,]

Movement of the mandible from centric oc-
clusion to centric relation was electronically
tracked and recorded on the Model K5AR
Mandibular Kinesiograph (MKG).!! Calibrated
against test instrumentation,'? the worst mea-
surement error value resulting from the in-
strumentation for the dimensional parameters
of this investigation was less than 5% of mea-
sured value.

To investigate precisely the biophysical and
physiological aspects of mandibular movement
and its relationship to the centric relation posi-
tion, a computer data collection system was de-
veloped. All related information for this study
was categorized and stored.

The centric occlusion-center relation data
were collected in the following manner. Be-
cause a previous investigation'® established that
mastication and deglutition occur at the posi-
tion of centric occlusion, the subject was asked
to tap lightly several times into occlusion of the
posterior teeth to ensure closure into a stable
centric occlusion. The operator then applied
the positioner to the chin. The subject was in-
structed to keep the teeth lightly together as the
mandible was being retruded with 5 Ib of
applied force. The operator avoided any intro-
duction of laterally directed force while retrud-
ing the mandible. With rest intervals of 5 min-
utes, subsequent forces of 10 and the 151b were
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15-1b retrusive forces in three trials with 10-
minute intervals between the trials. Centric re-
lation positions corresponding to the three
trials were recorded on the Kinesiograph and
photographed. Variations from the average
centric relation position determined by the
three trials for the anteroposterior, vertical, and
lateral directions were calculated. The
maximum variation from the mean of trials in
any direction was 22% for subject no. 1,24% for
subject no. 2, and 11% for subject no. 3. The
minimum variation was 4% for subject no. 1,5%
for subject no. 2, and 1% for subject no. 3. The
typical variation was 11% for subject no. 1, 10%

for subject no. 2, and 4% for subject no. 3. The
typical error resulting from experimental var-
iabilities for the three subjects was approxi-
mately 8% of the measured data.

A study of the variability of centric relation
attributable to operator difference was con-
ducted on five of the 16 subjects by two differ-
ent operators. The maximum variability be-
tween operators in the vertical, anteroposterior,
and lateral component of the centric relation
distance from centric occlusion was 9% of the
distance with typical variability of 6%. There-
fore, the maximum clinical error in the mea-
surement of centric relation position, because
of the variability of operators, did not exceed
9%. The maximum total measurement error
resulting from clinical error (9%) and in-
strumentation error (5%) was less than 14%.
The typical measurement error, however, was
less than 10%.

A high resolution digitizer was used as part of
the computer system to digitize the data that
were then stored in the computer’s memory.
Thus, all parameters associated with the tracing
were entered into the data bank for future re-
call and analysis. The results of the analysis
were plotted.

Results

Presentation of data

Representative (typical) tracings for two typical
subjects are shown in Figure 2. Table 1 presents
the change in the position of centric relation in
the vertical, anteroposterior, and lateral direc-
tion when subjected to 5, 10, and 15 Ib, respec-
tively, of gnathoretrusive force. The statistical
parameters associated with the results of Table
1 are shown in Table 2. Standard deviation/
mean that correlates to the randomness of cen-
tric relation and centric occlusion retrusive dis-
tance values in each direction is also tabulated in
Table 2. Figures 3 and 4 represent the bar
graph plots of the statistical data from Table 2.
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Table 1 m The distance from the centric occlusion to the centric relation in millimet-
ers as a function of force in pounds.

Anteroposterior direction Vertical direction Lateral direction
Suhiees (Ib) (Ib) (Ib)
no. 5 10 15 5 10 15 5 10 15
1 0.55 0.73 0.91 0.72 092 1.42 0.19 031 0.15
2 0.97 1.75 1.96 0.51 0.87 0.96 0.20 0.19 0.29
3 0.35 0.57 0.65 024 043 0.56 0.30 0.45 0.56
4 0.52 0.63 0.65 0.65 0.73 0.73 0.20 033 0.33
5 0.71 0.80 0.88 046 052 0.63 0.91 1.05 1.19
6 0.29 0.47 0.67 045 0.75 1.06 0.04 0.08 0.13
7 0.67 0.93 1.03 1.38 186 2.06 0.09 0.09 0.09
8 1.34 1.52 1.72 0.73 082 0.88 0.21 0.19 0.19
9 0.64 0.85 0.92 022 030 0.33 0.00 0.02 0.04
10 0.51 0.82 1.07 0.19 046 0.66 0.06 0.14 0.21
11 0.80 1.02 1.06 045 045 0.41 0.07 0.22 0.30
12 0.74 1.06 1.68 032 042 0.74 0.03 0.11 0.31
13 1.09 1.55 1.94 1.37 175 2.04 0.16 020 0.17
14 0.12 0.34 0.45 0.05 0.11 0.12 0.06 0.12 0.11
15 1.94 2.18 2.27 140 1.30 0.96 0.11 0.17 0.15
16 0.16 0.64 0.69 0.07 0.62 0.81 0.03 0.26 025
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Table 2 = The statistical summary of the results.

Anteroposterior direction

Vertical direction Lateral direction

(Ib) (Ib) (Ib)
Measurements 5 10 15 5 10 15 5 10 15/
Mean (mm) 0.71 0.99 1.16 0.58 0.77 0.90 0IL7ES0125880:28
SD (mm) 0.45 0.49 0.55 043 048 0.53 021 023 0.26
SD/mean 0.63 0.50 0.47 0.76 0.62 0.58 126 095 0.94

Table 3 and Table 4 respectively display the
correlation coefficients r and the ¢ ratios.

To determine whether the variation in ma-
nipulative forces of 5, 10, and 15 Ib resulted in a
significant change in the position of centric rela-
tion, a correlation analysis and a standard ¢-test
were performed on the experimental data listed
in Table 1.

Correlation analysis

For the correlation analysis, the correlation
coefficients or r between pairs of measurement
data resulting from the application of 5 versus
10 Ib, 5 versus 15 Ib, and 10 versus 15 Ib were
calculated in the anteroposterior, vertical, and
lateral directions. The correlation coefficients
of r listed in Table 3 indicate a strong positive
correlation between pairs of measurements
with any variation of force in all directions
(anteroposterior, vertical, and lateral). At df
(degrees of freedom) of 15 df = N — 1 = 15),
the nine coefficients listed in Table 3 are signifi-
cant at the 1% level of significance. There was a
strong tendency in this experiment for subjects
who had a large displacement to centric rela-
tion, as a result of the application of a 5-1b ma-
nipulative force, to have a larger increase in the
displacement to centric relation as the manipu-
lative force was increased. Additionally, the sub-
jects with a small displacement to centric rela-
tion as a result of the application of a 5-1b ma-
nipulative force had a smaller increase in the
displacement to centric relation as the manipu-
lative force was subsequently increased to 10
and 15 Ib.

Analysis of t-test

The{ ratios between pairs of measurement data
resulting from the application of 5 versus 10 Ib,
5 versus 15 1b, and 10 versus 15 lb were calcu-
lated and are displayed in Table 4. It can be
concluded that the differential treatment of the
subjects (increasing the manipulative force)
produced significant differences in the position
of centric relation for at least 92% of the sub-
jects in the experiment. Thus, with a sampling
error of 8%, it would be expected that the gen-
eral male population will have a significant
change in the three-dimensional components of
their centric relation when subjected to increas-
ing manipulative forces. Large standard
deviation/mean values in Table 2 point to the
extreme randomness of the centric occlusion-
centric relation displacement obtained from
subject to subject under controlled experi-
mental conditions. This is consistent with previ-
ous findings.'®

Anteroposterior direction

All subjects showed significant changes in their
centric relation position as applied force was
increased from 5 to 10 and 15 Ib, respectively.
The mean value of the centric occlusion to cen-
tric relation distance that resulted from the 5-1b
force increased by 39% and 62%, respectively,
as the 10- and 15-lb forces were subsequently
applied. Thet ratios attributed to the increase in
the anteroposterior exceeded the 1% level of
significance.

Vertical direction

All subjects showed significant vertical change

Anteroposterior direction

1.16 mm

Vertical direction
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Lateral direction

The increase in the gnathoretrusive force did
not result in as great a magnitude of change in
the lateral direction of the centric relation posi-
tion. However, the relative lateral changes were
significant. There was a 48% and a 69% in-
crease, respectively, in the mean value of centric
occlusion-centric relation distance as 10- and
15-1b forces were applied. The ¢ ratios attrib-
uted to the foregoing increase in the lateral
mean values exceeded the 8% level of signifi-
cance.

Discussion

It is significant that with variation in the
amount of retrusive force all subjects
showed substantial three-dimensional
change in their centric relation position,
which is a spatial point with coordinates of
anteroposterior, vertical, and lateral com-
ponents. Only in the case of subject no. 4
did the gnathoretrusive forces greater
than 101b not result in a further change in
the position of centric relation. On the

5-1b force

10-1b force

15-1b force

Lateral direction

0.28 mm
0.25 mm

0.17 mm

Fig 3 m Effect of gnathoretrusive force on centric occlusion and centric relation (mean values).

on retrusion from centric occlusion to centric
relation as applied force was increased from 5 to
10 and 15 Ib, respectively. Subject no. 11
showed a 0.45-mm vertical change in centric
occlusion-centric relation distance when 5 Ib of
force was applied. Subsequent application of 10
and 15 Ib did not result in a significant increase
in the 0.45-mm vertical distance. For all other
subjects, however, the mean value of the centric
occlusion to centric relation vertical change that
resulted from the 5-lb force increased by 34%
and 56%, respectively, as the 10- and 15-lb
forces were applied. The ¢ ratios attributed to
the above increases in the vertical mean values
exceeded the 3% level of significance.

basis of the analysis of the ¢-tests, with a
sampling error of 8%, it can be concluded
that increasing the manipulative force on
the mandible will produce a significant in-
crease in the distance of centric occlusion
to centric relation in the male population.
The data establish that the retruded cen-
tric relation position varies significantly in
all three dimensions according to the de-
gree of applied force.

The overall analysis of the results sub-
stantiates the conclusion that the position
of centric relation varies according to the
amount of applied gnathoretrusive force.
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Statistical analysis of the data supports the
notion that by ignoring discomfort and
applying larger amounts of force, the re-
searcher would reach the amount of force
at which restraining ligaments would be
taut and beyond which no more change in
the position would be obtained. The ex-
perimental data from this study indicate
that such force is in excess of 15 Ib for male

Anteroposterior direction

0.55 mm
0.49 mm

o R R

Vertical direction

0.48 mm

that the position varied significantly in all
three dimensions according to variation in
the amount of force. It is apparent that
with respect to the factor of force alone,
ignoring other obvious variables, such as
existing muscle tension, the centric rela-
tion position could only be repetitive for
each individual if the amount of force
were precisely controlled with each appli-

e

5-1b force
10-1b force

15-1b force

0.53 mm
Lateral direction

Fig 4 a Effect of gnathoretrusive force on centric relation and centric occlusion (SD values).
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result of various manipulative forces.

Table 3 m The correlation coefficientr between the measurement data derived as a

Anteroposterior Vertical Lateral
Force direction direction direction
7 (5 versus 10 1b) 0.95 0.92 0.96
7 (5 versus 15 Ib) 0.88 0.78 0.91
7 (10 versus 15 Ib) 0.96 0.92 0.97

of various manipulative forces.

Table 4 = The results of the testbetween the measurement data derived as a result

Anteroposterior Vertical Lateral
Force direction direction direction
& (5 versus 10 Ib) 6.98 4.26 4.74
L (5 versus 15 Ib) 6.69 3.58 3.15
£ (10 versus 15 Ib) 4.16 2.45 1.73

subjects.

The use of a manually directed re-
truded centric relation of the mandible to
the skull is, on the basis of this study, unre-
liable, and in the light of uncontrolled var-
iability probably not reproducible.

Summary

Measurement of the influence of the de-
gree of applied manipulative force on the
resulting retruded border position of the
mandible (centric relation) established
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cation. There is a positive correlation be-
tween the amount of gnathoretrusive
force and the resulting centric relation po-
sition. The positional changes in response
to forced change also varied in quantita-
tive degree between individuals.

The collective data establish that signifi-
cant positional changes occurred in all
three dimensions as the applied force was
increased beyond 5 to 10 and then to 15 1b.
In the anteroposterior direction, the mean
value of the centric occlusion-centric rela-
tion discrepancy increased by 39% and
62%, respectively. In the vertical direc-

tion, the mean value of the centric
occlusion-centric relation discrepancy in-
creased by 34% and 56%, respectively. In
the lateral dimension, the mean value dis-
crepancy was 48% and 69%, respectively.
On the basis of the analysis of the ¢-tests
that contained a sampling error of 8%, it
can be concluded that increasing the ma-
nipulative force on the mandible will in the
general male population result in a signifi-
cant increase in the distance between cen-
tric occlusion and centric relation.

The measurement data document the
variability of the retruded centric relation
position in all three dimensions according
to the different amounts of applied retru-
sive force. The data question the choice of
the retruded border position on the basis
of its repetitiveness.
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