Estimated and true hinge axis: a
comparison of condylar displacements
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ounting dental casts on an articulator has
Mbeen recommended as an important di-
agnostic toolin routine clinical orthodon-
tic practice.'** Mounted casts enable the clinician to
simulate the mandibular position in centric relation
and they allow a certain degree of simulation of
mandibular movements and occlusal contacts with-
out the influence of the patient’s neuromuscular
input.** The injtial detection of large centric slides
that mounted casts may facilitate has been helpful
indefendinglitigation involving temporomandibu-
lar joint dysfunction.® (The term "centric slide" is
used throughout this study for its brevity and uni-
versal acceptance. Preferred terms include "slide
from centric relation to maximum intercuspation”
or "slide to maximum intercuspation.)
Treating orthodontic cases to centric relation may

increase the efficiency of the patient’s masticatory
neuromuscular system compared to treating to
maximumintercuspation.' Inaddition, cases treated
to centric relation may be more stable® and are
possibly less likely to develop temporomandibular
dysfunction than cases treated without regard for
this mandibular relationship.*

Although a centric slide occurs at the level of the
occlusion, the condyles may be distracted and/or
deflected when the mandible moves from centric
relation to maximum intercuspation. With the use
of new instruments such as the Mandibular Posi-
tion Indicator (MPI), movement of the condyles is
believed to be converted numerically into three
different planes of space.

If the putative condylar distractions and deflec-
tions are large, lateral cephalograms taken in maxi-
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Abstract

The purposes of the investigation were: i) to compare the condylar displacements from centric slides for 74 sets of casts
mounted with an estimated versus a true hinge axis; i) to determine the error in hinge axes location on the recording of condylar
displacements from centric slides; and iii} to define the reproducibility of the Mandibular Position Indicator (MPI), a method
of measuring condylar (in vitro) displacements from centric relation position.

The findings revealed that routine use of the true hinge axis to obtain MP! readings for analysis of diagnostic casts is not
warranted. The mean standard error of MPI double readings attributed to both hinge axes location was 0.4 mm for each
component in the sagittal plane. Of the 0.4 mm of mean standard error, 0.2 mm was contributed by the lack of reproducibility
of the MPL. The centric relation bite registration technique outlined in this study always captured a superior articulator position
of the condylar mechanism. The condylar distractions and deflections from centric relation to maximum intercuspation were
primarily in an inferior direction with a smaller posterior component.
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mum intercuspation are “converted”, by using the
MPI values, to centric relation cephalograms from
which a treatment plan is devised. If the goals of
orthodontic treatment are to place teeth in harmony
with condylar guidance, then most often a case
mounted in centric relation may call for a different
orthodontic treatment plan than the same case di-
agnosed from maximum intercuspation.

To mount study casts on an articulator, the loca-
tion of the kinematic hinge axis must be deter-
mined. Lucia’ defines the hinge axis as “an
imaginary line connecting the center of rotation of
one condyle to the center of rotation of the other
condyle”. The kinematic hinge axis of the mandible
is determined when the mandible is in centric rela-
tion.%*

A face-bow oriented to the hinge axis transfers the
position of the maxillary cast to the articulator in
practically the same relationship as in the patient.
The mandibular cast can then be mounted to the
fixed maxillary cast with a centric relation bite
registration. When the kinematic hinge axis has not
been exactly duplicated, inaccuracies can be pro-
duced when the teeth are allowed to contact be-
cause the arc of closure is not the same."

The procedure for the precise location of the kine-
matic hinge axis (true hinge axis) has been de-
scribed previously.”""? A clutch and assembly
which has two adjustablz pins near the condyle are
secured to the mandibular teeth. The patient is
manipulated to open and close in the terminal
hinge arc of closure. As long as the motion of the
mandible (observed in the sagittal plane) is in a
circle (the condyles do not translate), the pins can be
adjusted horizontally and vertically until they only
rotate. These points define the hinge axis’"" and if
recorded properly, also locate the kinematic axis.

The routine location and use of the true hinge axis
has been questioned for over 60 years.”** Recent
technology has not simplified the procedure. Con-
temporary equipment is expensive and similar in
design to the original devices. As a result, the
routine use of the hinge axis remains uncommon
today.

Other methods for simply estimating the “area” of
the hinge axis have been proposed.”® These include
using a point about 13 mm anterior to the tragus of
the ear on a line from the tragus to the outer canthus
of the eye.'® More recent equipment employs an ear
face-bow which has adjustable components to re-
late the maxillary teeth to an estimated hinge axis in
proximity to theexternal auditory meatus. Teteruck
and Lundeen’ modified a commercially available
ear face-bow and found that it increased the accu-
racy of estimating the location of the hinge axis.

When casts are mounted on an adjustable
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articulator, upon removal of the centric relation
record, the articulator closely simulates the hinge
axis border arc of the mandible and the initial
centricrelation contact. The mandibular cast is then
deflected to the maximum intercuspation position,
revealing the centric slide.” If diagnostic casts are
mounted with an estimated hinge axis that greatly
differs from the true hinge axis, there will be differ-

.ences in the centricslides recorded at thelevel of the

occlusion. Todate, no one has estimated what these
differences might be in condylar distractions and
deflections.

The present study had three purposes. One was to
determine, using the SAM articulator system,
whether condylar distractions and deflections are
different for casts mounted with an estimated hinge
axis versus those using a so-called true hinge axis.
The second purpose was to determine the amount
of error in hinge axes location on the recording of
condylar distractions and deflections. The third
purpose was to define the reproducibility of the
MPI instrumentation.

Materials and methods

Thirty-nine (39) undergraduate dental students at
the University of Western Ontario volunteered for
the study. Two sets of maxillary and mandibular
impressions were taken using an irreversible hy-
drocolloid material in non perforated rimlock trays.
A maximum intercuspation (MI) bite registration
was taken with one thickness of pink dental wax (10
Xwax, Moyco Industries Inc., Philadelphia, Penn.).
Participants were instructed to bite completely
through the warm water-softened wax into their
maximum intercuspation position. A centric rela-
tion (CR) bite registration was taken by first warm-
ing a wafer of blue wax (Bite registration wax,
DeLar Corp., Lake Oswego, Ore.) in a heated water
bath (60 degrees C) and folding it in two. A strip of
the two-thickness wax the width of maxillary
intercanine distance, was folded over the incisor
region to offer anterior resistance and to ensure a
“bracing” position of the condyles.”

The centric relation bite was cut to the shape of the
maxilla with scissors to allow very little horizontal
overlap that the cheeks could distort. The posterior
part of the wax (two thicknesses) was heated to be
very soft. The anterior portion (6 thicknesses) re-
mained very rigid after heating and was carried
back far enough lingually to capture the mandibu-
lar incisors in the most retruded position of the
mandible for those participants with large overjets.
The differentially heated CR wax bite was placed
against the maxillary teeth. The participants were
instructed to retrude their mandibles as far back as
possible with their mouths closed but not touching



the wax. After practicing prior to placing the wax
in the mouth, the participants were instructed to
close into the anterior portion of the wax once the
mandible had been retruded. The lower lip was
retracted to observe gingival blanching while clos-
ing into the very stiff anterior portion. The subjects
were instructed to close until the cusp tips just
indented the still soft part of the posterior portion of
the wax. The participants held this position until
the wax hardened sufficiently to allow removal
without distortion. The above method is a “hands
off” technique that allows the subject’'s own muscu-
lature to “seat the condyles”.

The four impressions were immediately poured
intypeIV high-strength dental stone (Vel-Mix, Kerr
Manufacturing Co., Romulus, Mich.). and sepa-
rated after initial set. The casts were inspected for
detail and any unwanted artifacts were removed.
The casts were trimmed for ease of mounting. The
centric relation bite registration was carefully
trimmed with a scalpel blade so that only indenta-
tions for the cusp tips remained.

To reduce instrumentation variables, only one
SAM2 articulator (Great Lakes Orthodontics Ltd.,
Tonawanda, NY) was used for the entire study. All
casts weremounted on thearticulator using fast-set
mounting stone. One maxillary cast was mounted
on the SAM2 articulator using the ear face-bow
transfer provided tolocate the estimated hinge axis.
Manufacturers’ recommendations for all clinical
and laboratory procedures were followed.'®

The second maxillary cast was mounted on the
SAM2 articulator by a face-bow transfer after locat-
ing the so-called truehinge axis with the Axiograph
(Great Lakes Orthodontics Ltd., Tonawanda, NY).
The procedure described by the manufacturer was
closely followed."” The terminal hinge position was
located with the subject in a supine position. The
operator gently guided the subject’s mandible in
the terminal hinge arc of closure. Once the “true”
hinge axis was located, the skin was marked with
the subject sitting upright, head out of the head rest
and facial musculature clinically relaxed.

Mandibular casts weremounted on thearticulator,
one to the “true” axis cast and the other to the
estimated axis cast, using the same centric relation
bite registration from each subject.

Centricslides were assessed in the sagittal planeat
the articulator condyles for each mounting proce-
dure using a MPI (mandibular position indicator)
(Great Lakes Orthodontics Ltd., Tonawanda, NY).
This device can measure the three-dimensional
change in the position of the articulator condyles
between centric relation and maximum
intercuspation.

This study was concerned only with the horizon-
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tal (i.e. anteroposterior) and vertical changes in the
sagittal plane at each articulator condyle. The
horizontal and vertical changes correspond to the
Ax and Az changes respectively on the adhesive
grids affixed to the sliding blocks on the MPI. The
procedure described by the manufacturer® and by
Slavicek! was followed except for one modifica-
tion. In order to further stabilize the maximum
intercuspation position and prevent damage to the
stone casts, the MI wax record was interposed
between the mounted models before the grids were
marked with articulating paper.

The MPI procedure was performed twice for each
subject: once for casts mounted with the true hinge
axis and the other for the estimated hinge axis casts
using the same maximum intercuspation record.
Four numbers thus describe the articulator condy-
lar distractions and displacements for the MPI pro-
cedures: a horizontal change (antero-posterior) or
Ax at the left and right condylar mechanism; and a
vertical change or Az at the left and right condylar
mechanism. All MPI values were recorded in
multiples of 0.5 mm.

The “true” hinge axis (THA) mean MPI values

were compared to their estimated hinge axis (EHA)
counterparts, e.g.Axleft THA versus Axleft EHA by
way of a paired t-test. Correlation coefficients were
calculated for the counterparts. Statistical signifi-
cance was set at the 5% level.
Error study 1. The effect of reproducibility of hinge
axes location on the recording of sagittal centric
slides was determined by relocating the "true" and
estimated hinge axes on 10 randomly chosen sub-
jects 3monthsafter theinitial experiment. Thesame
maxillary and mandibular casts were used. The
same centricrelation and maximum intercuspation
bite registrations were used for each subject to
remount the mandibular casts and repeat the MPI
readings. The MPI values derived from the two
determinations of the estimated and true hinge axes
were compared by correlation coefficientsand stan-
dard errors of double measurement within each
hinge axis. The standard error of double measure-
ment was calculated according to the formula?":

e g

where ey is the sum of the squared differences
between the two mountings, and n is the number of
subjects.

Error study 2. The reproducibility of the measure-
ments made by the MPI instrument was deter-
mined by having the same operator perform the
MPI procedure twice for the same set of mounted
casts. Therefore, in contrast to error study 1, no
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Table 1 Table Il
Mean articulator condylar displacements and stan- Mean differences and standard deviations of MPI
dard deviations (in parentheses). Values are for the component values between casts mounted with
four components with the two hinge axes mounting estimated (EHA) and “true” (THA) hinge axes (in
(in mm, n=37) mm, n=37). Statistical analysis by paired t-test.
Hinge Axis Component Mean Difference S.D.
Component Estimated True
EHA AzR - THA AzR 0.09 +0.92
AzR +1.24 (0.98) +1.15 (0.91) EHA AzL - THA AzL 014 +0.85
AzL +1.13 (1.01) +1.27 (0.93) ' -
EHA AxR - THA AxR 32" 0.84
AXR -0.32 (1.07) -0.65 (0.86) E:A iZXL CTHA ML g 27** j—g :8
AxL +0.31 (0.79) -0.16 (0.74) | -
* p<0.05
Key: **p<0.01
Az = vertical change R=right Key:
Ax = horizontal change L=left Ag y= vertical change R = right
Ax = horizontal change L = left
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difference existed in the location of the hinge axes.
The standard error of double measurement was
calculated using the same formula above.

Results

Of the 39 subjects who volunteered for the study,
two were excluded from the statistical calculations.
In both cases, difficulty was encountered in trying
to locate the terminal hirge axis with the axiograph.
One subject displayed a loud reciprocal click upon
jaw manipulation and the other had significant
muscular resistance to jaw manipulation.

The nature of articulator condylar
displacements

Close inspection of the raw data of MPI values
reveals that the MI (maximum intercuspation) po-
sition of the articulator condyle as expected and by
definition was always inferior to the CR (centric
relation) position. Therefore, in this study, the so-
called condylar displacements from CR to MI were
in an anterior-inferior, posterior-inferior or straight
inferior direction for both hinge axes.

Table I lists the mean values of the articulator
condylar displacements divided into components
and hinge axes. For the vertical component, both
the estimated and “true” hinge axes have condylar
displacements slightly greater than Imm. The hori-
zontal changes are smaller and slightly different
between the hinge axes. It should be noted that
large variances are associated with all of the compo-
nent mean values.

Estimated versus “true” hinge axis: comparison
of articulator condylar displacements

Comparative statistics between the estimated and
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“true” hinge axes mountings for the four compo-
nents are summarized in Tables II and III. Table II
lists the mean differences between the estimated
versus “true” hinge axis for each component. Very
little difference exists for the vertical changes be-
tween the hinge axes. However, both sides show
larger and significant differences between the esti-
mated and “true” hinge axes for the horizontal
components.

Table Ill lists the linear correlation coefficients for
the four components between the estimated and
“true” hinge axes. Three of four are highly signifi-
cant with a moderate to good relationship between
MPI values derived from estimated and “true”
hinge axes mountings. However, the correlation for
the horizontal component on the left side is only
fair. None of the r values are higher than 0.64.
The effect of reproducibility of hinge axes
location on the recording of articulator condylar
displacement

Table IV lists the linear correlation coefficients
between MPI values derived from the initial
mounted casts and the error study casts. The
magnitude of the coefficients in Tables IIl and IV
were compared. Smaller coefficients in Table I
indicates that the discrepancies of MPI values be-
tween casts mounted with the estimated versus the
“true” hinge axis cannot be explained by measure-
ment error alone. This suggests that while the two
sets of values are statistically related, they are not
interchangeable.

In general, all the correlation coefficients in Table
IV are very good toexcellent, indicating that record-
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Table lli Table IV
Linear correlation coefficients (r) of MPI readings Error study 1
between casts mounted with estimated and true Linear correlation coefficients (r) describing the effect
hinge axes (n=37). of reproducibility of hinge axes location on MPI read-
ings. Values related component articulator condylar
displacements between two separate mountings (ini-
Component r tial casts and error study casts, n=10).
AzR B3 Hinge Axis
AzL B2*** Component Estimated True
AxR B64*** 2R 92 %
AxL 34 i ' '
AzL .84 .64
:*9<0~05 AxR .89 .86
p<0.001 AxL 82 92
Key:
Az = vertical change R = right Key:
Ax = horizontal change L = left Az = vertical change R = right
Ax = horizontal change L = left

ing articulator condylar displacements with the
MPI device using both the estimated and true hinge
axes seems to be highly reproducible.

The results of determining the effect of error in
hinge axes location on the recording of sagittal
articulator condylar displacements measured with
the MPI are found in Table V. The variability is
listed for all components for both the estimated and
true hinge axes. The range of standard error for the
component displacements is from 0.30 - 0.66 mm.
The mean standard error for the estimated axis was
+0.36 mm per component, while for the true hinge,
the mean standard error was +0.49 mm. The mean
standard error for both axes and all components
was +0.4 mm per component. For each component,
the standard error is slightly larger for the “true”
hinge MPI readings. However, differences in the
standard errors for the estimated and “true” hinge
axes fell short of statistical significance.
Instrument error

Part of the error involved in the reproducibility of
hinge axes location consists of instrument error of
the MPL. Table VI lists these standard errors for all
components forboth theestimated and “true” hinge
axes. As expected, the values are comparable be-
tween the hinge axes. The mean standard error for
all the components for both the estimated and true
hinge axes was +0.2 mm per component.

Discussion
The nature of articulator condylar
displacements

For every centric slide recorded, the position of
the articulator condyle at maximum intercuspation

as expected and by definition was always inferior to
its position at centric relation. It would seem that
the method described for taking the centric relation
bite registration promotes capturing a more supe-
rior position of the condyle. This emphasis on
capturing a superior position would be in agree-
ment with Roth?and Dawson.'*Studies by Hoffman
et al.,” Rosner,” and Rosner and Goldberg* found
from 9% to about 50% of the slides featured the
condylemoresuperiorinmaximumintercuspation.
The difference appears to be in the method of
recording centric relation which, in the previous
studies,”* was done by chin guidance in the
retruded arc of closure.

In this study, the replicability of the centric rela-
tion position is not a factor as the same interocclusal
records were used for comparing the slides be-
tween the estimated and “true” hinge axes
mountings and for the error study. In clinical
practice, however, the replicability of the CR posi-
tion will influence the MPI readings of the CR-MI
“condylar” displacement. Investigators have al-
luded to a wide variation in centric relation posi-
tions.?*

The magnitude of articulator condylar displace-
ments, both vertically and horizontally, was often
dissimilar for the right and left sides. For this to
happen a rotation of the condyle must have oc-
curred. The MPI is sensitive only to vertical and
horizontal articulator condyle movements in the
sagittal plane and transverse movements in the
frontal plane. To learn more about what occurs
during condylar distractions and deflections, more
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Table V
Error study 1
Standard errors of double measurement* describing
theeffect of reproducibility of hinge axes locationon
MPI readings. Values reflect differences in compo-
nent articulator condylar displacements between
two separate mountings (initial casts and error study

Table VI
Error study 2
MPI! instrument error. Standard errors of double
measurement* for two separate MPI readings on the
same set of mounted casts (in mm, n=10).

casts, in mm, n=10). . Hinge Axeg;
Component Estimated True
Hinge Axes
Component Estimated True AzR 25 25
AZL 16 22
AZR .30 .4‘: AXR .19 .19
AZL .43 .66' AXL .19 .2
AxR .30 46
AxL .39 A0
Key:
Key: zd? = vertical ch =i
. ’fdz Az = vertical change R = right *S.E. =y Az = vertical change R = right
SE.= n Ax = horizontal change L. = left 2n Ax = horizontal change L= left
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sophisticated equipmentis needed in order tostudy
the rotations and transverse movement of the con-
dyles in a three dimensional model.

According to the magnitude of the articulator
condylar displacements recorded, the putative dis-
placement of the condyle from CR to MI was more
vertical than horizontal. The values found in this
study for the vertical component of the condylar
displacement were greater than those reported else-
where. 2

In fact, if the sample consisted of adolescent pa-
tients rather than adults, the condylar displace-
ments might have been much larger than reported
in this study. The horizontal component of the
condylar displacement indicated a posterior dis-
placement from CR to MI. Previous studies all
found the average MI position of the condyle was
anterior to the CR position, from 0.26 - 0.40 mm.?>2
These discrepancies must be understood in the
light of differing concepts of centric relation and the
means for recording it. In this study, the condyle
appeared to be in a more superior position when in
centric relation.

Estimated vs. “true” hinge axis: comparison of
articulator condylar displacements

If the component “condylar” displacements for
the two hinge axes were identical, then the esti-
mated face bow would haverecorded the kinematic
axis points on each subject. This was not found or
expected. However, the comparative analysis of
the “condylar” displacement (Tables II and III) for
casts mounted with the estimated versus the “true”
hinge axis revealed similar but notidentical results.
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There appeared to be a relationship between the
component displacements for the two hinge axes,
although the strength of the relationship differed
for the four components. What the results do show
isthat the estimated face bow of the SAM articulator
system locates an axis fairly close to the kinematic
axis. Also, the estimated axis is related to the
kinematic axis in such a fashion that no statistical
differences were found between condylar distrac-
tion in the vertical plane. However, the horizontal
component, especially on the left side, gave evi-
dence of systematic differences for “condylar” dis-
placements between the two hinge axes. Eveninthe
vertical components, the correlation coefficients
between estimated and “true” hinge axes (Table IIT)
were much smaller than those within the same
hinge axis determined from the error study (Table
VI). As such, the MPI values attained with one
hinge axis recording were not interchangeable with
the values derived from the other hinge axis record-
ing, especially in the horizontal component.
The effect of reproducibility of hinge axis
location on the recording of articulator condylar
displacements

From the magnitude of the correlation coefficients
for MPI values from casts mounted with two hinge
axes determinations (Table IV), it appears that the
recording of condylar displacements with the MPI
is highly reproducible, regardless of the hinge axis
used.

The error in estimated versus “true” hinge axis
location (Tables IV and V) on the recording of
“condylar” displacements was determined. In this



study, there was less variability in locating the same
axis points from the estimated face bow than from
the axiograph.

Location and transfer of the estimated hinge axis
depends only on securing the estimated face-bow
to relatively stable landmarks of the cranium (.e.
the external auditory meati and soft-tissue nasion),
whereas location and transfer of the true hinge axis
includes two steps that are prone to error where the
“true” hinge axis points can differ from the kine-
matic axis points. Firstly, location of the “true” axis
depends on guiding the patient’s jaw into a pure
rotation at the terminal hinge position. Difficulty in
obtaining a pure rotation of the mandible arises if
the patient has any masticatory muscle “trismus or
fatigue”. Secondly, transfer of the “true” hinge axis
involves marking the subject’s skin at the hinge axis
points. Should the skin be deflected through facial
expression or even head positioning when the face-
bow isbeing positioned, the “true” hinge axis points
are erroneously transferred.

Slight difficulty was encountered in recording the
“true” hinge axis on a number of subjects in the
study. In fact, two subjects were not used because of
obvious dysfunction during the clinical procedures.
Although the rest of the subjects appeared free of
dysfunction, the increased variability of the “true”
versus estimated hinge axis recording may have
been due, in part, to muscle splinting in some
patients. Because the sample comprised under-
graduate dental students, muscle splinting was a
problem. If adolescent subjects were used, the
hinge axis would have been easier to locate since
muscles in the younger patients tend to be more
relaxed. In patients with signs and symptoms of
temporomandibular joint dysfunction, a mandibu-
lar repositioning splint is recommended for some
time prior to “true” hinge axis location.”? Suppos-
edly, the splint normalizes the neuromuscular pat-
tern and facilitates manipulation of the mandible in
the retruded arc of closure.*” Although not suf-
fering from obvious TM] dysfunction, the “true”
hinge axis would have been easier to locate and
therefore replicate the kinematic axis in some pa-
tients had they worn a mandibular repositioning
splint for some time prior to the clinical proce-
dures.? Also, in this study the “true” hinge axis was
not checked by split cast verification using different
centric relation wax records of varying thicknesses.
Many of the “true” hinge axis recordings may not
have been identical to the kinematic axes.
Recommendations

The SAM axiograph, if used on a deprogrammed
patient with split cast verification can repeatably
locate the kinematic axis. In this study, some of the
“true” hinge axis recordings were not identical to
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the kinematic axis due to the increased variability of
the error study and the fact that splints and split cast
validations were not performed. However, in an
exhaustive review of hinge axis by Winstanley,” an
axis located by using clutches (“true” hinge axis)
was always closer to the kinematic center of rota-
tion than any arbitrary (estimated) axis used.

What we are looking at here is the arc of closure of
the mandible on a located axis from an opening the
thickness of the CR wax bite to the first tooth
contact. Closing the mandible the thickness of the
CR wax bite on a different axis will give a different
first tooth contact position (centric relation esti-
mated axis and centric relation “true” axis). Closing
the mandible from the two first tooth contact posi-
tions (determined by the two axes located) to maxi-
mum intercuspation results in two different but
similar condylar distractions and deflections.

Since the condylar displacements in the sagittal
plane were similar with the greatest difference
being only 0.5mm in the horizontal component, it
would appear that the estimated face bow can place
the mandible very close to the “true” hinge axis
placement.

When using MPI values to convert lateral
cephalograms (taken in maximum intercuspation)
to centric relation lateral cephalograms then the
estimated axis is recommended for its practicality.
Also, when looking at mounted orthodontic casts to
assess mandibular position, then use of the esti-
mated axis is recommended. However, for research
purposes, for the study of mandibular movements,
and for the equilibration of casts where the man-
dible will be closing on a different arc, only the
“true” hinge axis is recommended.

Conclusions

From the findings of this study, the following
conclusions can be reached:

1. Condyle displacements determined from MPI
values for casts mounted with an estimated hinge
axis are related to the values obtained using the
“true” hinge axis. Because of its practicality and
reliability, use of the estimated hinge axis is recom-
mended for examining the mandibular position of
mounted orthodontic casts and for using MPI val-
ues with which to convert lateral cephalograms to
centric relation cephalograms.

2. Recording condylar displacements with the
MPI device, using either the estimated or “true”
hinge axis to mount the maxillary cast is highly
reproducible.

3. The effect of reproducibility of hinge axes loca-
tion on the recording of condylar displacements
was determined to be +0.4mm (standard error of
measurement) for each component in the sagittal
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plane. In clinical practice, this figure is probably
slightly larger when the variability of the centric
relation bite is considered. Therefore, orthodontists
should be aware of the existing error and the deci-
sions based on MPI values should take this into
consideration.

4. The variability of the condylar displacements
determined from the estimated hinge axis is less,
although notsignificantlv so, compared to the “true”
hinge axis. The increased variability is due to the
technical errors inherent in recording the true hinge
axis. The sample consisted of adults where splints
and split cast validations were not used.

5. Part of the standard error of measurement due
to the reproducibility of hinge axes location is
composed of instrument error of the MPL It is
precise to +0.2mm for each component in the sagit-
tal plane.

6. Use of centric relation bite technique with a
modified wax record as described in this study
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produced a superior condylar position 100% of the
time. The wax record features a very stiff anterior
portion and a dead soft posterior portion.

7. The mean condylar displacement from centric
relation to maximum intercuspation in 37 dental
students was slightly larger than 1mm in an inferior
direction, with a smaller posterior component.
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