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Abstract
The use of a dental facebow in diagnosis and treatment by the restorative dentist
has been controversial in recent years. Digital alternatives have been proposed and
hold promise for the future; however, the traditional facebow still has practicality in
a modern restorative practice. The purpose of this paper is to review facebow use in
clinical prosthodontic practice.

The arrangement of teeth according to a 3D position is an im-
portant step in prosthodontic rehabilitation and specifically in
the reconstruction of the anterior and posterior occlusal plane.
The maxillary arch also has a definite 3D relationship to all
condyle motions and should be positioned in space by reference
points that meet optimal functional and esthetic goals.1,2 Ac-
curately mounted maxillary casts should look like the patient,
with correct midline, anterior incisal plane, and relationship
to the reference horizon, as well as have a relationship to the
mandibular arc of closure.3

The facebow, as defined by the Glossary of Prosthodontic
Terms, is an instrument used to record the spatial relationship
of the maxillary arch to some anatomic reference point or points
and then transfer this same relationship to the opening axis of
the articulator.4 The purpose of an ideal facebow is to transfer
both functional and esthetic components from the patient to the
articulator, specifically, the 3D location of the maxillary arch
in relation to the cranial base and the mandibular transverse
horizontal axis. Most facebows were designed to transfer the
maxillary arch relationship primarily to a repeatable mandibular
axis.5

Traditional facebows can be classified into two basic types:
kinematic or arbitrary axis types. Kinematic facebows can be
configured to locate and transfer the mandibular transverse hor-
izontal axis points (determined axis) to an articulator.5 How-
ever, the axis of rotation belongs to the movable mandible and
not to the fixed cranial base, and many rotational centers are
possible.3 Facebows or other devices with cranial base esthetic

reference points may have no relation to the transverse horizon-
tal axis.3,6 Arbitrary axis points are determined from anatomical
landmarks and are popular due to their ease of use compared
to locating the kinematic axis, but may have no relation to the
esthetic reference planes.3 Interestingly, the kinematic axis also
may not have any relation to the esthetic reference planes when
transferred to an articulator.5

It has been demonstrated mathematically that an arbitrary
axis point located ± 5 mm anterior-posterior to the kinematic
axis will result in negligible error (0.2 mm) on the non-working
side when a 3-mm-thick interocclusal centric relation record is
used.7 Several studies have evaluated the deviation of arbitrary
points to that of the kinematic center, and most recognize the
inconsistencies in locating soft tissue landmarks, and that a
significant percentage of points (50-75%) do not fall within the
5 mm radius of the kinematic axis.8

Positioning the maxillary cast also requires the establishment
of a plane of reference and that requires a third point, or an-
terior reference point, with orbitale or the ala of the nose the
most common. The goal is to achieve a natural appearance and
form of the anterior teeth, allowing the clinician and laboratory
technician to communicate their objectives.9 Orbitale is most
commonly used for fixed reconstructions and establishes the
axis orbital plane as the upper member of the articulator; and
the ala for complete denture fabrication establishing Camper’s
plane as the upper member of the articulator. The location of the
anterior reference point effectively raises or lowers the anterior
portion of the maxillary cast in the sagittal plane. The most
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naturally appearing relationship may be obtained with a bubble
level placed on the posterior arm of the facebow and the patient
standing upright with the anterior esthetic plane paralleling the
interpupillary line.9

Digital alternatives to the conventional facebow have been
proposed and studied with mixed results.10-21 Problems still
exist relating patient-specific data to the transverse axis
and esthetic reference planes, and most do not address the
edentulous arch or if no verifiable interocclusal position is
present; however, there are few issues with relating the max-
illary arch to the cranial base. The axis can be located by
stereophotogrammetry,12 anatomic landmarks,13 mathemati-
cal calculation of an instantaneous axis,17 reverse engineer-
ing and collision avoidance,20 or electronic jaw movement
analyzers.14,19 Alignment of the maxillary and mandibular vir-
tual casts to the virtual articulator and simulation of mandibular
movements is the ultimate goal. Without patient-specific data,
a mathematically simulated virtual articulator behaves like an
average value articulator.19-21

The practicality of using the facebow, especially in com-
plete denture therapy, orthognathic surgery, and for occlusal
stabilization devices, has been questioned because of a lack of
an evidence-based philosophy and as an unnecessarily time-
consuming procedure with few benefits.22-28 It is true that there
is little evidence to justify the use of a facebow in all clinical di-
agnostic and treatment situations, especially complete denture
prosthodontics, because the occlusion rims commonly provide
the anatomical basis for articulation and esthetic reference, and
the patient is used as the articulator.

Most facebow errors are related to arbitrary (predetermined)
axis points that are not related to the esthetic and functional
reference planes, or to the transverse axis itself or treatment
position.5 Therefore, orienting the facebow to an arbitrary
mandibular axis or inappropriate anterior reference point may
not allow transfer of the correct functional and esthetic refer-
ence planes to the articulator and therefore, the laboratory. Most
functional errors can be overcome if the axis location is within
5 mm anterior/posterior of the kinematic axis, as discussed
above.7 Unfortunately, most earbow-type facebows do not have
this relationship to the axis because the earpiece just stabilizes
the posterior bow. Caution must be exercised in leveling the
anterior crossbar of the facebow if it changes the location of the
axis points, especially if the facebow is indirectly mounted on
the articulator. The facebow should also be matched to the ar-
ticulator for both direct and indirect mountings, as the posterior
mounting pins (reference points) and indirect mounting jigs for
most earbows are not standardized to fit all articulators.29

If the clinician wants a maxillary cast transfer with an arbi-
trary facebow that accurately matches the sagittal, frontal, and
horizontal esthetic reference planes to an articulator and truly
represents the intended reference planes and the axis points,
there are few choices; however, one in vivo study demonstrated
an earbow predetermined axis point where 96% of the points
were within 2 mm of the kinematic axis, and the anterior cross-
bar was parallel to the interpupillary line in all subjects.3 This
facebow, in use clinically for more than 20 years, has shown
a high degree of correlation of the axis points and the esthetic
reference planes. It is also a common prosthodontic practice
that esthetic reference planes are recorded separately, and the

midline, anterior, and posterior occlusal plane lines marked
on the maxillary cast base. This information should always
be marked on the mounted cast as a backup to the facebow
information.

While the validity of the facebow has been debated, Shah and
Koka27 found in a 2015 survey that the prevalence of teaching
the use of the facebow transfer had increased to 93.75% from
84% in 2003, which may be indicative of lack of acceptability
of studies to the contrary, which do not constitute compelling
evidence. To properly evaluate the facebow, one would have
to limit a clinical research project to the facebow as the soul
variable and outcome measures specific to the rationale for the
facebow, and to date this has not been done. Making assump-
tions about the validity of the facebow when numerous other
procedures have been altered in the fabrication of the complete
denture does not stand up to evidence-based standards. Other
confounding variables may overwhelm the potential “error” of
the inadequate or eliminated facebow record. Also, it is not pos-
sible to allow the results of a complete denture study to answer
an implant- or tooth-retained scenario.

Appropriate outcome measures to determine the validity
of the facebow would be occlusion and esthetics. For esthet-
ics, they would be variations in the anteroposterior plane and/
or the mediolateral plane. For occlusion, given that the horizon-
tal axis of the articular may not be the same as the horizontal
axis of the mandible, errors would occur at the insertion visit
when the patient closes into the planned maximum intercus-
pal position. Errors would also occur in balanced excursive
movements, if they were warranted in that specific patient. One
study19 evaluated interocclusal devices with a flat occlusal sur-
face for temporomandibular disorders, and while there was no
difference in the adjustment time at insertion, the results may
not be applicable to the prosthodontics patient where cusps and
inclines are present.

The third point of reference is arbitrary.9 but needs to be
replicable so if a new master cast has to be remounted during
the course of treatment, no records relative to the lateral or pro-
trusive condylar inclinations would need to be repeated. While
Camper’s plane and the Frankfort plane are commonly used,
they are not the only ones possible, and no studies show that
the one-third point of reference is superior to another. Stud-
ies by surgeons13,14 assessed if the plane achieved on a semi-
adjustable articulator replicated the Frankfort Horizontal on a
cephalometric radiograph. This might be useful information to
the surgeon for application as a reference for maxillary surgi-
cal procedures, but is not relative to the prosthodontic patient.
Critical in evaluating the use of the facebow is determining in
whom and by whom it is being used. Is the patient in need of
conformative or reconstructive dentistry? What is the PDI clas-
sification for this specific patient? Is the practitioner attempting
to fabricate a prosthesis, whether fixed or removable, that is
close to ideal prior to insertion, or is the clinician comfortable
performing more extensive occlusal adjustments intraorally?

The facebow is not a time-consuming procedure for anyone
who has gone through the simple learning curve and is a useful
adjunct for mounting the maxillary cast. While most of the time
the maxillary cast is located somewhere close to the center of
the articulator, it often is not the case. The maxillary cast can be
more anterior or superior, medially or laterally placed, or have
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an off-axis cant anterior-posteriorly due to anatomic variations.
A standardized facebow protocol and cast mounting protocol
can be an aid in diagnosing these problems. Also, once a fully
functional virtual articulator/patient has been commercialized
the facebow may possibly be mandatory.

The facebow is a tool in the armamentarium of the restorative
dentist. Its use, determined by the clinician, should be based on
the diagnostic and/or the restorative needs of the patient.
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