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Abstract
Purpose: This patient study was designed to measure the validity of both the hori-
zontal and Camper’s planes, which are used as benchmarks to reestablish the sagittal
orientation of the occlusal plane angles in dental rehabilitation.
Materials and Methods: Profile digital photographs were made of the first 100 con-
senting dentate patients as they closed on an occlusal plane analyzer while maintaining
natural head posture. Using a digital screen protractor, three angles were measured:
the occlusal plane angle relative to the horizontal plane, and the angle between the
occlusal plane and Camper’s plane from both the superior and inferior borders of the
tragus of the ear.
Results: The angle between the occlusal plane and the horizontal reference plane for
the 100 patients ranged from –8.72° to +18.08° (mean +3.25°); the angle between
the occlusal plane and Camper’s plane, from the superior border of the tragus to the
ala of the nose demonstrated a range from –8.49° to +15.16° (mean +3.03°); and
the angle between Camper’s plane, from the inferior border of the tragus to the ala of
the nose and the occlusal plane demonstrated a range from –15.57° to +9.15° (mean
–4.09°).
Conclusions: Occlusal plane angles measured in this patient population with natural
dentitions demonstrated a relatively small mean deviation from both the horizontal
plane and Camper’s plane when using the superior border of the tragus as the distal ref-
erence point, but the range was quite broad and could result in unacceptable occlusal
plane angles in many patients undergoing dental rehabilitation. Clinical Implications:
Both Camper’s plane and the horizontal reference plane may be acceptable initial ref-
erence planes for oral rehabilitation, but additional anatomic and esthetic parameters
are required for verification of an esthetically pleasing occlusal plane angle.

The perception of the smile line or smile arc is primarily de-
termined by the sagittal orientation of the occlusal plane, and
a consonant smile line has been validated as an objective treat-
ment goal in oral rehabilitation.1 Altering the sagittal angle of
the occlusal plane, therefore, is the primary means for improved
congruency of the smile line. Frush and Fisher,2 in their classic
dissertation on denture tooth arrangement, defined the smile line
as a curve whose path follows the incisal edges of the central in-
cisors up and back to the incisal edges of the lateral incisors and,
thence, to the tips of the cuspids, and this line should be in har-
mony with the upper border of the lower lip. A consonant smile
line is one in which the maxillary occlusal plane is in line with
the upper border of the lower lip, and a nonconsonant smile line
is one in which these two lines diverge. Chiche3 ranks the smile
line as the first and most important of six elements of the smile.

Orientation of the sagittal angle of the occlusal plane is criti-
cal for optimal smile esthetics. Using the smile line as a decisive
guide to occlusal plane orientation, the plane can be altered to
obtain relative parallelism between the rehabilitated teeth and
lower lip. Regarding dentate patients, Sarver and Ackerman4

indicate that in addition to orthodontics or odontoplasty and ve-
neers, surgical alteration of the occlusal plane may sometimes
be required to improve the smile arc. For edentulous patients,
correct occlusal plane orientation should be similar to the oc-
clusal plane of the lost natural teeth.5 Karkazis and Polyzois6

revealed, for example, that the final anteroposterior inclination
of the artificial occlusal plane in complete dentures was almost
the same as the inclination of the natural occlusal plane. Once
established, the occlusal plane becomes the major reference
to which maxillary denture teeth are arranged.7 According to
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Figure 1 Patients were instructed to stand in natural head posture,
and four planes were digitally drawn on each sagittal image; horizontal
reference plane (red line), occlusal plane (black line), Camper’s plane
from the superior border of the tragus (dark blue line), and Camper’s
plane from the inferior border of the tragus (light blue line)

Figure 2 All four lines were connected anteriorly to a common converg-
ing point, and a digital caliper measured three angles: (1) the occlusal
plane to the horizontal plane, (2) the angle between the occlusal plane
and Camper’s plane from both the superior border of the tragus, and
(3) the angle between the occlusal plane and Camper’s plane from the
inferior borders of the tragus of the ear

Fradeani,8 when the final prosthetic rehabilitation has been cre-
ated, it is well integrated when (1) the occlusal plane is correctly
correlated with the interpupillary and commissural lines and (2)
the incisal curve is in harmony with the lower lip.

Although investigations have revealed significant variability
in Camper’s plane, orthodontists, restorative dentists, and
prosthodontists still regularly use this determinant, and many
facebow assemblies are predicated on these measurements.9

Popularized by Snow in 1907 as a standard to establish the
occlusal plane in complete denture treatment, Camper’s plane
connects the auditory meatus to the ala of the nose.10 The Fox
plane, or occlusal plane analyzer, has been used as an intraoral
device to orient the occlusal plane to Camper’s plane since
1924.11 Camper’s plane and the Frankfort plane are still the
most commonly used reference planes taught in dental schools
in the United States and Canada.12

Present research suggests that natural head posture (NHP)
may demonstrate less variability, at least as a third point of
reference, than either Camper’s or the Frankfort plane.13 Es-
tablished in the 1950s, the concept of NHP was used primarily
to improve the accuracy of lateral cephalometric alignment in
orthodontic treatment,14,15 and is still used as an alternative to
Camper’s plane or the Frankfort plane for sagittal orientation.16

In this position, the patient is instructed to stand upright, hands
to the side in a relaxed posture, and looking straight ahead at an
image at eye level.17 In prosthodontic therapy, Pound,18 in 1951,
described a similar method in which the patient remains erect
and the plane of orientation set parallel to the floor to establish
denture esthetics. Data from several authors have indicated that
NHP is more reliable for cephalometric and prosthodontic posi-
tioning than are traditionally used landmarks such as Camper’s
plane.19-22

The objective of this digital photographic study was to de-
termine the reliability of two benchmarks of occlusal plane
orientation, Camper’s plane and the horizontal reference plane.
The results of this study could aid in more accurate orientation
of an occlusal plane angle (OPA) for optimal smile esthetics in
prosthodontic rehabilitation.

Materials and Methods

Beginning October 12, 2012, the first 100 consenting dentate
patients, with a minimum of 12 teeth and maximum of two
full-coverage restorations in each arch, no edentulous spaces,
and a minimum age of 16 years, in the private prosthodontic
practice of the author were enrolled in this digital photographic
study. Patients ranged from 16 to 84 years of age with a mean
age of 53 years. Fifty-six patients were women, and 44 were
men. Fifty-three patients had a positive history of orthodontic
treatment sometime in their lives, and 47 had no history of
orthodontic treatment. Ethnicity comprised 97 Caucasians, one
African American, and two Hispanic patients. This study was
performed in a private practice, with no institutional ethical
panel. This was a noninvasive study, and all patients gave signed
consent to participate. Analyzed data were de-identified so that
patients would maintain anonymity in the final analysis.

High-resolution digital photographs were made using a
Nikon D90 camera body and Nikon AF-S Micro Nikkor
105 mm lens (Nikon Inc., Melville, NY). A carpenter’s level
was used to scribe a series of three horizontal reference lines, ap-
proximately at head level, on a background screen fixed against
the wall of the photographic room within the author’s dental of-
fice. Patients were instructed to stand in front of the background
screen in NHP: upright posture with hands to their sides and
looking straight ahead at eye level. Any hair preventing full
exposure of the patients’ ears was pulled back to allow visu-
alization of soft-tissue landmarks, and patients were asked to
remove any high-heeled shoes. Facial profile digital images of
each patient were then made with the camera positioned per-
pendicular to the sagittal plane of the right side of the head.
Patients were then instructed to maintain the same head pos-
ture, and an occlusal plane analyzer (Ivoclar Vivadent, Amherst,
NY) was then positioned in each patient’s mouth. The patients
were then instructed to close gently to secure the analyzer in
place, and the photographs were then repeated.23 Each patient
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was examined to confirm that the analyzer contacted anterior
teeth and molars in all cases and that the occlusal plane and
analyzer were essentially coincident. In these 100 patients, no
open bites that would preclude anterior contact with the ana-
lyzer were detected. Photographs were repeated at least twice,
and if a discrepancy was noted between the two measurements,
they were repeated until consistency was achieved.

The digital images were downloaded to a computer hard
drive, and each image was oriented by aligning the software’s
digital leveling line with the leveling lines on the photographic
background. Other methods of ensuring level images include
use of a bubble gauge24 or a plumb line,19,23 but the digital
leveling method described above was simple and accurate, and
required no additional equipment. Four lines were digitally
incorporated into the profile images of each patient. A red
line, parallel to the level lines of the photographic background,
denoted the true or gravitational horizontal reference plane.
A black line followed the lateral border of the occlusal plane
analyzer to establish the sagittal OPA in relation to the true
horizontal reference plane. Camper’s plane was measured from
both the superior (dark blue line) and inferior (light blue line)
border of the tragus of the ear to the ala of the nose (Fig 1).
The tips of these four lines were then digitally “dragged” to
a common point at the anterior extent of the image of the
occlusal plane analyzer. A digital screen protractor capable
of measurements to a hundredth of a degree (Screen Protractor
v.4.0, Iconico, New York, NY) was used to measure three angles
to the nearest tenth of a degree; the occlusal plane in relation to
the true horizontal reference plane, and the angle between the
occlusal plane and Camper’s plane from both the superior and
inferior borders of the tragus of the ear (Fig 2). Data were then
compiled in a Microsoft Excel 2010 spreadsheet. For analysis
purposes, positive angles were those that rotated clockwise
from the anterior convergent point of the lines on the right
side of the head, and negative angles were those that rotated
counterclockwise.

Statistical methods

Six differences between the angles were calculated for the first
100 research subjects. The distributions of the differences were
examined using histograms and cumulative distribution func-
tions and summary statistics. Mound-shaped distributions sup-
ported the use of inferential procedures.

To estimate the possible effects of demographic and baseline
characteristics on these results, all participants with nonmissing
values were included in univariate analyses using each differ-
ence as the response variable. Gender and previous orthodon-
tics were treated as categorical variables in a simple ANOVA
model. Age was treated as a continuous variable. In addition,
a full-model ANOVA including all subjects was fit to the data,
testing the effect each independent variable had on the out-
come after simultaneously adjusting for the mean effect of the
other two.

A scatterplot matrix was created for all three angular dif-
ferences and the angular difference between Camper’s plane
when using the superior border and inferior border of the tra-
gus (Fig 3). Bivariate confidence ellipses were overlaid on
the scatterplots.25 The confidence region shows the covari-

Table 1 Summary statistics of digital photographic analysis of 100 sub-
jects (reported in angular degrees)

Variable Mean Std Min Max

OPA/Hor 3.25 5.29 −8.72 18.08
ST Camp/OPA 3.03 4.49 −8.49 15.16
IT Camp/OPA −4.09 4.39 −15.57 9.15
Sup/Inf Tragus 7.04 1.58 0.70 10.70
Age 53.08 17.35 17.86 91.48

OPA: occlusal plane angle, Hor: horizontal plane, ST Camp: Camper’s plane

from the superior border of the tragus, IT Camp: Camper’s plane from the

inferior border of the tragus, Sup/Inf Tragus: the angular difference between

Camper’s plane from the superior and inferior borders of the tragus

ance between two variables and provides an estimate that a
point would be included in the region a certain percentage of
time. All tests were conducted at a two-sided alpha level of
0.05.

Results

The results of this digital photographic examination of
100 subjects are summarized in Table 1 and in Figures 4 to 6.

Data from three non-Caucasian participants were included.
The values of outcome measures for these subjects were close
to the estimated value of central tendency for the Caucasian
group in this study and not considered extreme or outlying.
Because of their similarity and due to the small number, these
observations are not overly influential on subsequent analyses.

In the full-model ANOVA, small but statistically significant
effects of age were detected for differences between inferior
and horizontal and the differences between occlusal and infe-
rior. Statistically significant effects were detected for presence
of orthodontics in the differences between occlusal and superior
and differences between occlusal and inferior. Finally, gender
was detected to have a statistically significant effect on the dif-
ferences between occlusal and superior, the differences between
superior and horizontal, and differences between occlusal and
inferior (Table 2).

Discussion

OPAs observed in this predominantly Caucasian population,
measured from both the horizontal and Camper’s planes, were
similar to those reported by most authors, but few patients were
clustered around the mean, and the range was greater than other
examinations, likely due to the larger sample population of
100 patients used in this study. The range of OPAs observed
here in relation to the horizontal plane in natural dentitions
is in close accordance with the range found to be esthetically
acceptable by Batwa et al;26 75 of 100 (75%) were within 0 to
15°, only one positive outlier at 18.3° and negative OPAs found
in 24% of the patients in this study. As with Batwa et al, Parekh
et al27 also found flat smile arcs to be extremely objectionable
by orthodontists and laypersons, and Ker et al28 concluded
that adult participants preferred a consonant smile but accepted
a smile with minimal curvature as well. Because they have
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Figure 3 A scatterplot matrix for all three angular differences and the angular difference between Campers plane when using the superior border
and inferior border of the tragus

Figure 4 Frequency histogram showing the distribution of values for the occlusal plane angle, rounded to the nearest degree, relative to the horizontal
reference plane.

universally been found to be esthetically objectionable, negative
angles should be avoided in oral rehabilitation.

Many authors have shown similar data, yet came to divergent
conclusions regarding the reliability of Camper’s plane in
occlusal plane determination. A possible explanation is that
there is no known standard for reestablishment of an acceptable
range of OPAs. In a photographic examination of 56 dental
students and use of an occlusal plane analyzer as in the present
study, Petricevic et al23 demonstrated a mean variation between

the occlusal plane and Camper’s plane of 3.9°, close to the mean
of 3.03° in the present study when the superior border of the
tragus was used, and they concluded that Camper’s plane is not
a reliable landmark for establishing the occlusal plane because,
as with the present results, the measurements revealed a wide
range of sagittal relationships in the analyzed subjects. Ferrario
et al17 examined 24 adults with Angle Class I occlusions in
NHP. Camper’s plane deviated from the occlusal plane by a
mean of 4.4° and one standard deviation of 3.24°, and contrary

Journal of Prosthodontics 26 (2017) 216–223 C© 2016 by the American College of Prosthodontists 219



Benchmarks for Occlusal Plane Orientation Priest and Wilson

Figure 5 Frequency histogram of 100 subjects showing the distribution of values for the occlusal plane angle, rounded to the nearest degree, relative
to Camper’s plane as measured from the superior border of the tragus to the ala of the nose

Figure 6 Frequency histogram of 100 subjects showing the distribution of values for the occlusal plane angle, to the nearest degree, relative to
Camper’s plane as measured from the inferior border of the tragus of the ear to the ala of the nose

to Petricevic et al23 and the present study, they concluded
that the occlusal plane was nearly parallel to Camper’s plane.
The range was not reported, however. Ciancaglini et al,29

examining 14 dental students with Angle Class I occlusions
and using an occlusal plane analyzer, found that the occlusal
plane deviated significantly from the gravitational horizontal
plane and Camper’s plane. In their cephalometric examination
of dentate subjects, Al Quran et al30 discovered that the lowest
mean angle formed between Camper’s and the natural occlusal
plane was 2.1° with a wide range from 0 to 12°; results that
are again similar to the present examination. Rosati et al31

digitally integrated dental virtual models and soft tissue facial

morphology of 20 adult subjects using a 3D stereophotogram-
metric imaging system. In the sagittal projection, the OPA
was observed to be, on average, 5° from the horizontal plane,
and the variance between the occlusal plane and Camper’s
plane was only 1.9°. In the other extreme, Abrahams and
Carey32 reported the mean angle formed between the natural
occlusal plane and Camper’s plane to be 9.66°. As in the
results reported here, D’Souza and Bhargava33 and Nissan et
al34 also demonstrated significant variability and questionable
accuracy when using Camper’s plane to ascertain the occlusal
plane. Significantly deviating from the present study, Shetty
et al35 found that in all but 12% of 500 Indian patients, the
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Table 2 Effect of baseline characteristics on the four outcomes measures of the occlusal plane

Outcome Effect Estimate Standard error t-value p-value

Occlusal and horizontal
Age −0.0167 0.0315 −0.53 0.598
Orthodontics, none −0.7903 1.0941 −0.72 0.472
Gender, female 0.9554 1.0759 0.89 0.377

Occlusal and superior
Age −0.0304 0.0234 −1.30 0.198
Orthodontics, none 2.7171 0.8126 3.34 0.001
Gender, female −3.3739 0.7991 −4.22 <0.0001

Superior and horizontal
Age −0.0471 0.0292 −1.61 0.111
Orthodontics, none 1.9660 1.0150 1.94 0.056
Gender, female −2.4287 0.9982 −2.43 0.017

Inferior and horizontal
Age −0.0677 0.0298 −2.27 0.026
Orthodontics, none 1.7245 1.0355 1.67 0.099
Gender, female −1.5638 1.0183 −1.54 0.128

Occlusal and inferior
Age −0.0494 0.0238 −2.08 0.041
Orthodontics, none 2.5514 0.8259 3.09 0.003
Gender, female −2.4565 0.8122 −3.02 0.003

Superior and inferior
Age 0.0152 0.0092 1.66 0.101
Orthodontics, none −0.0014 0.3188 0.00 0.997
Gender, female −0.5786 0.3135 −1.85 0.068

Estimates and errors are given in angular degrees.

All models included an intercept term, which was statistically significant p < 0.001).

All effects were tested with 96 degrees of freedom.

occlusal plane coincided with either the superior, middle, or
inferior border of the tragus. Based on their results, however,
the question becomes, how does the clinician determine which
landmark to use for reestablishment of the occlusal plane due to
tooth loss or compromise? The differences in the above results
might be explained by dissimilar methods of measurement,
patient inclusion criteria, ethnic diversity, and sample size.

The position of the plane on the tragus of the ear demon-
strated significant differences in Campers’ plane angulation
also. In accordance with the results of Al Quran et al,30 a closer
correlation was demonstrated between Camper’s and the oc-
clusal plane using the superior border of the tragus as the distal
landmark. The angular difference in Camper’s plane between
the superior and inferior border of the tragus was as high as
10.7° in the present study. In contrast, Shetty et al35 found the
inferior border of the tragus to be a more accurate posterior
landmark. Other authors have found significant inconsistencies
when using varied tragal positions as the posterior landmark
of Camper’s plane.32,36-39 Data compiled by Lundstrom and
Lundstrom40 suggested that these reference points might be too
variable for prosthetic reconstruction or orthodontic treatment.
Using Camper’s plane then to establish the occlusal plane, re-
gardless of the reference point on the tragus, could create a
large and unacceptable error.

Several published studies of OPAs in denture wearers re-
vealed similar relationships to Camper’s plane as those in nat-
ural dentitions. In a lateral cephalometric examination by van

Niekerk et al,37 33 edentulous patients revealed a mean of 2.45°
between the occlusal and Camper’s planes, close to the present
results. Karkazis and Polyzois,9 examining 18 dentulous sub-
jects and 56 complete denture wearers disclosed a mean of
2.84° between Camper’s plane and the occlusal plane in the
dentulous subjects, and 3.25° in the edentulous subjects, also
similar to the present results. Sinobad,41 measuring 140 lateral
cephalometric radiographs of young subjects with natural teeth
as a guide for tooth arrangements for edentulous patients, con-
cluded that cephalometrics is a valuable guide to occlusal plane
angulation for prosthetic treatment of edentulous patients. In
their cephalometric investigation of 34 denture wearers, Nissan
et al34 found an average angle of 7.08° between the occlusal
plane and Camper’s plane from the superior border of the tra-
gus, demonstrating no correlation between these two planes.
As stated by van Niekerk et al37 that although the ala-tragus
(Camper’s) line could be used as a reference plane, positioning
of the occlusal plane depends on mature clinical judgment and
must ultimately satisfy esthetics, function, and denture stability.

There is no current standard range of acceptable OPAs in
oral rehabilitation when the landmarks of the plane have been
lost or compromised. Camper’s plane and the horizontal ref-
erence plane demonstrated similar low means but large ranges
in reference to the actual occlusal planes in this population.
When using the inferior border of the tragus as the distal ref-
erence point, the mean angle of –4.09° was far from what is
considered an esthetically acceptable angle. For some patients,
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these planes may be very close to the original plane, but for
many, the deviations will be esthetically unacceptable. If, for
example, an arbitrary cut-off boundary of 5° from the actual
angle is considered, 35% and 42% of patients would still be
beyond this range when using the superior and inferior borders
of the tragus, respectively, to approximate the occlusal plane
(Fig 3). Caution should be exercised in extrapolating these
findings in predominately Caucasian subjects to other ethnic
populations. For example, Ow et al,42 using lateral skull radio-
graphs, found that Chinese subjects exhibited a significantly
shallower occlusal cant than Swedish subjects, and the young
Indian population examined by Shetty et al35 found the occlusal
plane to be coincident with the ala-tragus line in all but 12% of
subjects.

Potentially, the most accurate manner to establish an esthet-
ically acceptable OPA in dental rehabilitation is to begin with
either the horizontal plane, or Camper’s plane from the supe-
rior tragus as a starting point only. During jaw relation records
and try-in procedures, the occlusal plane can then be refined.
Noting that negative OPAs are found to be universally nones-
thetic by dentists and patients, they should be avoided. Placing
the distal point of the plane at the midpoint of the retromolar
pad is another landmark to aid in orientation when restoring
edentulous patients.44 The anterior aspect of the plane is then
angled for ideal incisor display and a consonant smile line.

The authors will publish a subsequent article that examines
the statistical correlation between OPAs and the perceived at-
tractiveness of smiles for the same 100-patient sample.

Conclusions

This photographic study of natural dentitions in 100 predom-
inantly Caucasian subjects revealed that their OPAs demon-
strated a relatively small mean deviation from both the horizon-
tal plane and Camper’s plane when using the superior border
of the tragus of the ear as the distal reference point, but the
range was quite broad and could result in unacceptable OPAs
in many patients undergoing dental rehabilitation. These planes
are, therefore, unreliable landmarks for establishing OPAs in
clinical treatment.
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