THE JOURN

A craniometry-based predictive model to determine occlusal =

!
J

L OF PROSTHETIC DENTISTRY

_O

CLINICAL
®

vertical dimension

Claudio Morata, DDS,? Andrea Pizarro, DDS,” Hector Gonzalez, DDS,¢ and

The occlusal vertical dimension
(OVD) is the distance between 2
selected points—usually on the
chin and the tip of the nose—
with the teeth in maximum
intercuspation."  Determining
the correct OVD is important
when restoring dentitions in
which loss or change of poste-
rior dental support has occurred.
In such situations, restoring
the OVD is essential given its
effect on esthetics, neuro-
musculature, and biomechan-
ical behavior.?> Moreno-Hay
and Okeson® pointed out that
scientific evidence that alter-
ations in OVD cause temporo-
mandibular disorders in the
long term is  lacking.
However, they suggested that
any changes in the OVD should
be minimal.®

Different techniques to
determine OVD have been
described, including mandib-
ular physiologic rest position,”
esthetics,® phonetics,” and
deglutition.'® These tech-
niques rely on the clinical
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ABSTRACT

Statement of problem. Craniometry is a method of determining the occlusal vertical dimension
(OVD); the current prediction models do not consider factors such as facial type and sex or
normalizing the OVD by using 1 main variable.

Purpose. The purpose of this clinical study was to determine whether sex, facial type, and age can
influence the creation of a predictive model by using the right or left eye-to-ear distance to
determine the OVD in dentate and edentate individuals.

Material and methods. Healthy individuals (N=385) (238 women, 147 men) aged between 18 and 50
years were classified according to sex, age, and facial type. A single operator recorded all distances in
millimeters between the anatomic landmarks proposed by Knebleman (nose-to-chin and right and
left eye-to-ear distances) by using a computer numerical control (CNC) machined aluminum
anatomic gauge. Measurements were converted into z-scores to determine abnormal values
(3 standard deviations criteria). The Pearson correlation coefficient was calculated for each facial
type and for the entire sample between nose-to-chin and the right and left eye-to-ear distances.
Multiple regression analysis was performed to establish the dependence of the measured variables
on the OVD and the development of a further predictive model (a=.05).

Results. According to the z-scores of the measured distances, 4 participants were discarded, leaving
a final sample of 381 participants (237 women, 144 men; 115 leptoprosopic, 164 mesoprosopic, 102
euryprosopic). The left eye-to-ear distance showed a better correlation with the nose-to-chin
distance (leptoprosopic r=0.54, mesoprosopic r=0.60, euryprosopic r=0.55, total sample=0.56)
than the right eye-to-ear distance (leptoprosopic r=0.48, mesoprosopic r=0.56, euryprosopic
r=0.54, total sample=0.51). Multiple regression analysis revealed that age was not a predictive
variable (P=.57), that OVD depended on sex (P<.001) and facial type (P<.01), and that women
had shorter OVD than men, as well as more euryprosopic faces than leptoprosopic faces. Using
these relationships, the following equation to determine OVD was constructed as a model:
OVD=42.17+(0.46xleft  eye-to-ear  distance)+sex (women=-3.38, men=0)+facial type
(leptoprosopic=0, mesoprosopic=—1.19, euryprosopic=—2.19).

Conclusions. OVD depends on facial type and sex, both of which are craniometric variables. This
study proposed a baseline method of determining OVD by using the left eye-to-ear distance as
an initial reference that involves a straightforward mathematical calculation. (J Prosthet Dent
2020;123:611-7)
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Clinical Implications

Determining OVD by sex and facial type is possible
by using a straightforward mathematical equation
with the left eye-to-ear distance. OVD in women is
shorter than in men and in euryprosopic faces.
There is a maximum difference of 5.5 mm for the
same eye-to-ear distance but with different
combinations of sex and face type. Therefore, the
craniometric model for determining the OVD should
be a valid, objective, and specific baseline method,
requiring relatively little clinical time.

criteria of the clinician and the cooperation of the patient,
which leads to variability."'

More objective techniques have been described based
on craniometrics,'>'® cephalometric studies,'*'” facial
proportions,'®'? and preextraction methods.?*** As
these techniques are based on the analysis of morpho-
logic relationships, which can be observed and quanti-
fied, their variability should be lower.

Knebelman® described a craniometric method and
proposed a proportional relationship between the dis-
tance from the anterior wall of the external auditory
meatus to the medial aspect of the lateral wall of the
right orbit (eye-to-ear distance) and the distance from
the lower surface of the anterior nasal spine to the most
anterior and inferior point of the mandible with the
teeth in occlusion (nose-to-chin distance). The patent*”
indicated that such relationship is adjusted to a factor
dependent on cranial size, for each millimeter incre-
ment of the eye-to-ear measurement (made between 60
and 80 mm), a deduction of 0.1 mm is made, starting
with =5 mm when the eye-to-ear measurement is 60
mm to a low of —3.0 mm when the eye-to-ear mea-
surement is 80 mm. The technique has been described
as a straightforward, inexpensive, and noninvasive
method that can be used for determining OVD.'***
However, the predictability of the method varies
depending on sex, side of the face measured, and
ethnicity.'>** In addition, Manns et al*® reported that,
given the possible differences in muscular pattern dis-
played by different biotypes, facial biotype should be
considered when the OVD is restored.

The Knebelman method of predicting OVD takes only
1 variable into account. The purpose of this clinical study
was to determine whether the variables of sex, facial type,
and age can influence the determination of the OVD by
using the right or left eye-to-ear distance as an indicator
to predict the OVD in dentate and edentate individuals.
The research hypothesis of this clinical study was
that a correlation would be found between OVD and the

THE JOURNAL OF PROSTHETIC DENTISTRY

eye-to-ear distance, depending on the variables of sex,
age, and facial type.

MATERIAL AND METHODS

Participants aged between 18 and 50 years were volun-
tarily recruited from patients and employees of the IN-
DISA Clinic (Santiago, Chile) to participate in this clinical
study between May 2016 and August 2016; 238 women
(average age +standard deviation 32.5 +£7.52 years) and
147 men (average age 32.1 +7.54 years). This study was
approved by the ethics committee (East Metropolitan
Healthcare Service). All participants gave their informed
written consent to take part in this research in accordance
with the Declaration of Helsinki.

The participants were enrolled by a single researcher
(C.M.) by using a questionnaire and visual inspection to
ensure the following inclusion and exclusion criteria were
fulfilled. The inclusion criteria are as follows: healthy,
fully, or partially dentate (with no more than 2 missing
teeth, apart from third molars) adults with stable
maximum intercuspal position and bilateral posterior
support and without any temporomandibular skel-
etomuscular symptoms. The exclusion criteria are as
follows: developmental maxillofacial anomalies; tooth
wear with dentin exposure; facial features precluding
correctly locating anatomic landmarks and making ac-
curate measurements; dense beards; parafunction;
ongoing or past orthodontic treatment; acute ear condi-
tions; skeletal class III malocclusion; and edentulism.

After the participants had been selected, they were
classified according to sex, age, and facial type, and their
craniometric measurements were recorded. This was
performed by the same single researcher (C.M.). The
overall morphological facial index*® (FI) was used to
determine the facial type. The FI was calculated by using
the following formula: FI=100x(FH/FW), where facial
height (FH) is the distance between the glabella (the
point situated on the midline between the supraorbital
arches) and the gnathion (the most antero-inferior point
of the mandibular symphysis) and facial width (FW) is
the bizygomatic distance (zygion to zygion).

Digital calipers (Ubermann) were used to measure all
distances. The participants were seated on a chair with
their backs upright against the back of the chair, with
their heads unsupported and looking straight ahead and
with the plane of Camper parallel to the floor. The
operator sat on a rolling stool at the same height as each
participant and recorded all measurements to calculate
the FI. Having calculated the FI, participants were
divided into euryprosopic (FI<97), mesoprosopic (FI 97-
104), and leptoprosopic (FI>104). Their facial type, sex,
and age were recorded on a spreadsheet (Excel; Micro-
soft Corp).
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Figure 1. Calipers used to record eye-to-ear distance A, Lateral view. B,
Front view showing part of calipers used to record nose-to-chin distance.

Distances between those anatomic landmarks
considered to be predictive in determining the OVD ac-
cording to the craniometric method of Knebelman were
subsequently recorded for all participants: right and left
eye-to-ear distance (the distance between the medial
aspect of the lateral wall of the orbit and the anterior wall
of the external auditory meatus) and OVD (the distance
between the lower surface of the anterior nasal spine and
the most anterior and inferior point of the mandible with
the teeth in occlusion).

The researcher, trained according to the protocol
created by Knebelman, performed and recorded all cra-
niometric measurements by using a computer numerical
control (CNC) machined anodized aluminum anatomic
measuring device calibrated in millimeters with laser-
engraved graduations. The device was designed by using
software (Rhinoceros 3D; Robert McNeel & Associates)
with a scale on the front surface to measure the nose-to-
chin distance and a scale on the lateral surface to mea-
sure the eye-to-ear distance (Fig. 1). For each of the 2

Morata et al

Figure 2. A, Range and location of zero mark of calipers. B, C, Surfaces
that contact anatomic structures when recording eye-to-ear distance (3,
2) and nose-to-chin distance (1, 2).

scales, the zero mark was located on the surface of the
calipers that would contact the corresponding anatomic
landmarks for measuring the eye-to-ear and nose-to-
chin distances in turn (Fig. 2).

Using the protocol of Knebelman,” measurements
were recorded with both participant and operator in the
setting described previously to classify facial type. The tip
of the lower arm of the device was placed onto the
anterior wall of the right external auditory meatus,
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Figure 3. Recording distances. A, Right eye-to-ear distance. B, Left eye-
to-ear distance. C, Nose-to-chin distance.

perpendicular to the sagittal plane of the cranium; the
end of the upper arm of the device was placed against the
medial aspect of the lateral wall of the right orbit
(Fig. 3A). Measurements were made with minimal
pressure to avoid excessive compression of anatomic
structures and discomfort. The fixing screw was tight-
ened, and the reading (in millimeters) on the device for
eye-to-ear distance was recorded. The same procedure
was performed for the left-hand side of the cranium
(Fig. 3B). Subsequently, the participants were asked to
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bring their posterior teeth together without occluding
hard to achieve maximum intercuspation. The nose-to-
chin distance (OVD) was then recorded, with the upper
side of the upper arm of the calipers placed against the
lower surface of the anterior nasal spine. In turn, the
upper side of the lower arm of the device was positioned
on the most anterior and inferior surface of the mandible
(Fig. 3C). The fixing screw was then tightened, and the
reading displayed on the device was recorded in milli-
meters. All measurements were recorded on the
spreadsheet (Excel; Microsoft Corp).

Qualitative variables were described as frequencies and
percentages. Continuous variables were analyzed by using
quartiles, averages, and standard deviations. Distance
measurements were converted into standard scores
(z-scores) with the purpose of identifying measurements
outside a normal range. The distance criteria for this were +3
standard deviations from the arithmetic mean of recorded
distances. This was done for each facial type according to
their FI. The Pearson correlation coefficient was calculated
between the nose-to-chin distance and the right and left
eye-to-ear distances for each facial type and for the entire
sample. Subsequently, a possible dependence between the
nose-to-chin distance and the eye-to-ear distance by sex,
age, and facial type was calculated by using multiple
regression analysis (0i=.05). The data were analyzed by using
statistical software (STATA 14.0; StataCorp LLC).

RESULTS

The overall sample was 385 participants between 18 and
50 years of age: 238 women (average +standard deviation
age 32.5 +£7.52 years) and 147 men (32.1 +£7.54 years).
Face types were classified as 30.9% leptoprosopic (16.1%
women and 14.3% men); 42.9% mesoprosopic (28.8%
women and 14.1% men); and 26.7% euryprosopic
(16.9% women and 9.8% men).

According to the z-scores for distances measured in
this study, 4 participants were discarded from the sample
because their measurements lay outside +3 standard
deviations; all other participants were considered valid.
Although there were 10 outliers in the final data sample,
they were included as they were within the +3 standard
deviations criteria and did not show great differences
overall (Fig. 4). Further, these 10 outliers met the inclu-
sion and exclusion criteria. Thus, the final sample for this
study was 381 participants; 237 women (32.53 +7.52
years), 144 men (32.01 +£7.52 years); 30.2% leptoprosopic
(16.3% women, 13.9% men); 43.0% mesoprosopic
(28.9% women, 14.2% men); 26.8% euryprosopic (17.1%
women, 9.7% men). A descriptive analysis for the nose-
to-chin distances and right and left eye-to-ear mea-
surements for all face types is shown in Table 1.

For all facial types, the left eye-to-ear distance
showed a better correlation with the nose-to-chin
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Figure 4. Z-scores for average distances (mm) according to sex and facial type.

Table 1. Descriptive analysis in millimeters for the right and left eye-to-
ear and nose-to-chin distances according to facial type
p25 p50 p75 Max Mean SD

Facial Type N Min

Leptoprosopic

Nose-to-chin distance 115 61 69 72 75 81 7214 427

Right ear-to-eye distance 115 61 66 68 71 77 6855 3.58

Left eye-to-ear distance 115 60 66 68 71 77 6850 3.55
Mesoprosopic

Nose-to-chin distance 164 62 67 70 73 83 7049 4.28

Right ear-to-eye distance 164 62 66 69 71 79 6871 3.38

Left eye-to-ear distance 164 60 66 68 71 79 6848 344
Euryprosopic

Nose-to-chin distance 102 60 66 70 73 78 69.55 4.30

Right ear-to-eye distance 102 61 66 69 71 80 6874 345

Left eye-to-ear distance 102 61 65 69 71 76 6837 3.0
Total

Nose-to-chin distance 381 60 67 70 73 83 7074 439

Right ear-to-eye distance 381 61 66 69 71 79 6867 345

Left eye-to-ear distance 381 60 66 68 71 79 6845 348

Max, maximum; Min, minimum; SD, standard deviation.

distance (leptoprosopic r=0.54, mesoprosopic r=0.60,
euryprosopic r=0.55, total sample=0.56) than the right
eye-to-ear distance (leptoprosopic r=0.48, mesoprosopic
r=0.56, euryprosopic r=0.54, total sample=0.51), with a
positive correlation between the variables (Table 2).
Multiple regression analysis revealed that the nose-
to-chin distance depended on sex (P<.001) and facial
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type (P<.01); age was dismissed as a predictive variable
as it was not statistically significant (P=.57) (Table 3).
Thus, a model was obtained (Table 4) from which
the following equation was derived: OVD=42.17+(0.46x
left eye-to-ear distance)+sex (women=-3.38, men=0)+
facial type (leptoprosopic=0, mesoprosopic=—1.19,
euryprosopic=—2.19).

DISCUSSION

According to the provided results, the research hypoth-
esis of this clinical study was partially accepted. A positive
correlation was found between OVD and the left eye-ear
distance (r=0.56), and it was dependent on sex (P<.001)
and facial type (P<.01). However, age was not a variable
on which the OVD depended (P=.57).

The results of this clinical study are consistent with
the findings of Chou et al.'* To predict the nose-to-chin
distance, the left eye-to-ear distance should be used by
measuring between the anterior wall of the left external
auditory meatus and the medial aspect of the lateral wall
of the left orbit for all the different facial types (lep-
toprosopic r=0.54, mesoprosopic r=0.60, euryprosopic
r=0.55).

Sex is a factor related with various functional and
anatomic aspects. Compared with women, the crania of
men are larger and heavier, with more prominent muscle
insertions due to greater muscle development, greater

THE JOURNAL OF PROSTHETIC DENTISTRY
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Table 2. Pearson correlation coefficients for the right and left eye-to-ear
distances and nose-to-chin distance according to facial type and for total
sample

Table 3. Multiple regression coefficients for nose-to-chin distance
prediction including all variables

95% Confidence

Nose-to-Chin  Right Eye-to-Ear  Left Eye-to-Ear Variables Coefficient Std Err P Interval
Facial Type Distance Distance Distance Left eye-to-ear distance 0.460 0.0552 <.001 0.3518053 to 0.570172
Leptoprosopic Women -3.403 0.4002 <.001 -4.190263 to -2.616123
Nose-to-chin 1.0000 Age 0.012 0.0221 577 -0.031226 to 0.056028
distance Facial type
Z'iggtn‘ceé’e't"'ear 04809 1.0000 Mesoprosopic 1202 03964 003 -1.982590 to -0.423405
Left eye-to-ear 05400 09389 1.0000 Euryprosopic -2.203 0.4405 <.001 -3.070761 to -1.335978
distance Cons 42.007 39199 <.001 34.29953 to 49.71532
Mesoprosopic Std Err, standard error.
Nose-to-chin 1.0000
distance . . . i
Table 4. Multiple regression coefficients for nose-to-chin distance
Right eye-to-ear 0.5638 1.0000 L . .
dictance prediction excluding age variable
95% Confidence
Left eye-to-ear 0.6053 0.9454 1.0000
distan)ée Variables Coefficient Std Err P Interval
Euryprosopic Left eye-to-ear distance 0.464 0.0551 <.001 0.355707 to 0.572699
Nose-to-chin 1.0000 Women -3.385 0.3986 <.001 -4.169577 to -2.601731
distance Facial type
Right eye-to-ear 0.5464 1.0000 Mesoprosopic -1.197 0.3960 .003 -1.976521 to -0.419194
distance Euryprosopic 22195 04405 <001 -3.061766 to -1.329445
Left eye-to-ear 0.5568 09372 1.0000 Cons 42173 39051 <001 34494470 to 49.8519
distance
Total sample (n=381) Std Err, standard error.
Nose-to-chin 1.0000
distance
Right eye-to-ear 05139 1.0000 experience loss of OVD because of compensatory mecha-
distance nisms, mostly at the expense of the occlusal plane.**?°
Left eye-to-ear 0.5602 0.9405 1.0000

distance

facial heights and facial indices, and anatomic differences
in the region of the external auditory meatus.?” The re-
sults were consistent with the work of Chou et al'* in that
the craniometric method differs depending on sex.
Therefore, statistically significant differences were ex-
pected between sexes (P<.001) when the craniometric
method of predicting OVD was used.

Regarding facial type, the vertical craniofacial
morphology pattern of the patient should be considered
(P<.01), mainly because of growth vectors and muscular
patterns that represent the different facial types.”® The
craniometric method uses the eye-to-ear distance as its
predictive distance, relying on measurements recorded
from the neurocranium, which, unlike the viscer-
ocranium, undergoes rapid growth during the prenatal
period. The latter develops at a later stage and is largely
influenced by functional factors such as breathing,
phonation, mastication, and muscle development.?® The
results of this study concur with these observations, and
this is why facial type must be considered when pre-
dicting the nose-to-chin distance.

Another important aspect arising from this clinical study
is the fact that the OVD is not affected by age (P=.57) despite
a participant age range between 18 and 50 years. Older
people who may experience tooth wear do not necessarily
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Therefore, according to the results from this study
and the supporting evidence of previous morphometric
studies, the variables of sex and facial type must be consid-
ered when the left eye-to-ear distance is used as a predictor
in restoring the OVD. A maximum eye-to-ear difference of
5.5 mm between the combined variables (leptoprosopic men
versus euryprosopic women). According to Abduo and
Lyons,®' 5 mm is the limit for increasing the OVD.

This study proposes a variation of the Knebelman
technique for determining the OVD, by using an equation
with the left eye-to-ear distance, sex, and facial type and
using anatomic calipers. The equation can be solved in
different ways, including with a mobile application or a
spreadsheet with the formula entered. However, the
proposed method relies on soft tissue landmarks, which
could introduce errors if too much pressure is applied
when measuring distances. This problem has been re-
ported in other studies that have used anatomic land-
marks.”'>'%1 The proposed technique should be used as
a baseline because it is straightforward and requires little
time, but it needs to be used together with other methods
to completely determine the OVD.

CONCLUSIONS

Based on the findings of this clinical study, the following
conclusions were drawn:

1. Occlusal vertical dimension depends on facial type
and sex, both of which are craniometric variables.
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2. A baseline method was proposed to determine the
OVD by using the left eye-to-ear distance as an
initial reference and consisting of a straightforward
mathematical calculation.
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