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DIFFERENT APPROACHES IN DETERMINING THE VERTICAL
AND HORIZONTAL JAW RELATIONS DURING COMPLETE
DENTURE FABRICATION - A LITERATURE REVIEW

Maria Zielke, Joanna Jasnoch, Izabela Maciejewska

Department of Dental Prosthodontics, Medical University of Gdansk, Poland

ABSTRACT

Recording the jaw relations is a critical step during the fabrication of complete dentures. Both vertical and hori-
zontal relations must be correctly established to ensure efficient function of the complete dentures with the least
amount of trauma to the supporting tissues and temporomandibular joints (TM]s). The aim of this review was to
collect comprehensive data about the most recommended methods for determining the optimal vertical dimen-
sion of occlusion (VDO) during the fabrication of complete dentures and to determine whether and/or to what
extent these methods respect the correct spatial relations in TMJs. An electronic search through the PubMed,
Web of Science, OVID, SCOPUS and EBSCO search engines selected 111 references from peer-reviewed jour-
nals, which met the inclusion criteria for this literature review. The single, exclusive and scientifically confirmed
consensus for the determination of both the VDO and centric relation during complete denture fabrication is still
lacking. Authors agree that the establishment of an incorrect relation between the maxilla and mandible causes
severe, mostly harmful consequences in the stomatognathic system. So far the available procedures are associated
with a high degree of subjective clinical judgements and variability. Thus, ongoing studies with the application
of new technologies are still current and strongly recommended.
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INTRODUCTION

A critical step during complete edentulism treat-
ment is the restoration of the vertical dimension of oc-
clusion (VDO), which should come in concert with
defining the appropriate centric relation (CR) [1-7].
Failures during this clinical step might not only com-
promise the facial appearance but also lead to faster loss
of the prosthetic landmark and initiate masticatory mus-
cle discomfort and/or tiredness with subsequent insuf-
ficient mastication [3, 4, 7-12]. Prolonged functioning
with the incorrectly defined VDO might result in tempo-

romandibular joint (TM]J) disorder as a direct effect of
trauma resulting from the inappropriate position and
movement of condyles [2, 4, 11].

Besides aesthetic results following from the appro-
priate replacement of missing teeth and associated tissue
of the resorbed craniofacial landmark, the complete den-
tures should be comfortable in use. Both factors depend
on the restoration of the ideal or at least earlier adopted,
but correct VDO. Thus, a prerequisite is to define what
constitutes the “ideal occlusion” with the understand-
ing that the VDO is not rigid and unchangeable during
the patient’s lifetime [4, 13]. The concept of occlusion in
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the production of complete dentures has been thorough-
ly investigated and proposed as either balanced or non-
balanced (flat). The former assumes the reconstruction
of both the occlusal and articular mandible movements
as well as artificial teeth contacts that imitate the natu-
ral dentition [14]. Thus, the balanced occlusion includes
the condylar path, incisal and canine guidance and com-
pensating curves pathway. To achieve these goals the us-
age of a semi- or fully-adjustable articulator is necessary
[4, 15]. On the other hand, a non-balanced occlusion
includes Spee’s and Wilson’s curves pathway but by pro-
viding the protrusive contacts on posterior teeth, it elim-
inates the role of the condylar slope and Christensen’s
phenomenon. Hence, the plane of occlusion remains
completely flat and the artificial teeth interact at both
centric and eccentric occlusion [14]. This second tech-
nique is commonly used in clinical practices and labora-
tories because of its simplicity, although it compromises
the relations in TMJs. Regardless of the method used for
complete denture fabrication, the critical step is the opti-
mal establishment of the VDO.

Since there is a lack of consent in the topic of regis-
tration of both vertical and horizontal jaw relations
during complete denture fabrication, the aim of this
review was to examine the widest available range of lit-
erature, to facilitate clinicians choosing the method
of establishing the VDO/CR and assemble former peer
reviewed findings. The specific goal was to cover an ex-
tensive scope of literature that depicts the two-stage pro-
cedure (VDO and CR registration), which seems critical
for the long term well-being of edentulous patients as
well as to determine whether and/or to what extent these
methods respect the spatial relations in TM]Js. There is
a vast amount of literature on establishing the proper
intermaxillary relations, but only a minority simultane-
ously consider both the vertical and horizontal compo-
nent of occlusion.

MATERIAL AND METHODS

An electronic search through the PubMed, SCOPUS,
EBSCO, Web of Science and OVID search engines was
carried out using a conjunction of MeSH terms. First-
ly, the phrase “complete denture” was used, which gave
14 524 results in PubMed, 15 376 in SCOPUS, 17 777
in EBSCO, 4885 in Web of Science and 3523 in OVID.
Secondly, the next key phrase “occlusal vertical dimen-
sion” limited the findings to 854 results from PubMed,
266 from SCOPUS, 208 from EBSCO, 95 from Web
of Science and 59 from OVID. The “Centric relation”
phrase resulted in 122 findings from PubMed, 53 from
SCOPUS, 22 from EBSCO, 14 from Web of Science and
16 from OVID. Then word “occlusion” limited the find-
ings as follows: 118 articles in PubMed, 47 in SCOPUS,
8 in EBSCO, 6 in Web of Science and 8 in OVID. After-
wards, the excluding terms were added. The phrase “Par-
tial dentures” limited records to 103 cases in PubMed,
37 in SCOPUS, 8 in EBSCO, 6 in Web of Science and 7 in
OVID. “Dental implants” excluded the next papers and
resulted in the positive search of 90 results in PubMed,
32 in SCOPUS, 6 in EBSCO, 6 in Web of Science and 5 in
OVID, while the phrase “fixed restorations” resulted in
89 papers from PubMed and 31 from SCOPUS. The last
phrase of exclusion did not make any changes in the rest
of the investigated databases. After limiting searched
articles exclusively to English, the authors selected
75 records from PubMed, 31 from SCOPUS, 6 from EB-
SCO, 5 from Web of Science and 5 from OVID (Table 1).
Records which were duplicated among these databases
were removed. A further manual search through the pa-
per print resources of the library of the Medical Univer-
sity of Gdansk was carried out, which provided the au-
thors with another 11 manuscripts.

TABLE 1. The process of collection of records carried out in five databases with key words for inclusion and exclu-

sion (MeSH)
PubMed SCOPUS EBSCO Web of Science ovID
Complete dentures o wsw | e | I | 48 EEE
AND
Occlusal vertical dimension 854 266 208 95 59
Centric relation 122 53 22 14 16
Occlusion 18 47 8 6 8
NOT
Partial dentures 103 37 8 6 7
Dental implants 90 32 6 6 5
Fixed restorations 89 31 6 6 5
Language
English 75 31 6 5 5
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RESULTS

111 references were accepted as useful for approach-
ing the goal of this manuscript (Table 2).

DISCUSSION

There are several maneuvers used by clinicians to re-
construct the ideal mandible to maxilla relation during
the creation of complete prostheses. Some are used more
often than others, and even though there are millions
of edentulous patients treated yearly worldwide, a single
optimal method for determining the VDO is still miss-
ing. According to the opinion of clinically experienced
prosthodontists the combination of two or three meth-
ods is mostly recommended [4, 7, 16-18]. This should
allow for validation of the collected data and application
of an appropriate adjustment if needed.

VERTICAL DIMENSION AT REST

The most popular and highly recommended clinical
procedure in treating edentulism is taking advantage
of the vertical dimension at rest (VDR). According to
the Glossary of Prosthodontic Terms, VDR is a pos-
tural position of the mandible when an individual is
resting comfortably in an upright position and the as-
sociated muscles are in a state of minimal contractual
activity [19]. Such a popular application of the VDR
during the VDO determination comes from the results
of research which led to the conclusion that the man-
dible rest position is a kind of “dental fingerprint” and
remains stable throughout the lifetime [9, 20-23]. Mul-
tiple researchers indicated an average of 2 to 4 mm free
interocclusal space between the mandible and maxilla at
the rest position, concluding that this free space should
be subtracted from the dimension of the VDR to estab-
lish the appropriate VDO [1-4, 21, 24-26]. Some authors
stated that the major corrections of these proposed di-
mensions seemed reasonable for facial aesthetics im-
provement [2, 4, 24]. For the measurement of VDR two
reference skin points in the midface must be marked.
Usually, they are located at the bottom of the nose (Sn
- subnasale) and on the top of the chin (Gn - gnathion)
[4, 9, 16, 18, 21, 27-29], but some authors recommend
the tip of the nose (Tn) rather than Sn because in their
opinion it was less movable [30-34]. Others suggested
that, using special devices that measure the distance be-
tween the skin points on the forehead and chin would
give more precise and repeatable results [35, 36]. All
those authors consent on one point, that for measur-
ing the VDR accurately it is crucial to keep the patient’s
head firm with the Frankfort plane parallel to the floor,
the lower jaw relaxed and lips just touching. The fulfil-
ment of all these prerequisites should grant the harmon-
ic tonus of the masticatory muscles [4, 16, 21, 28, 37-41]

TABLE 2. Final results concluding the searched records

Manuscripts  Duplicates Final

included between result from

databases particular

databases
PubMed 75 0 75
SCOPUS 31 10 21
EBSCO 6 2 4
Web of Science 5 5 0
ovVID 5 5 0
Manual search 1 0 1
Total 133 22 m

with their minimal activity to counteract gravity and
to create a negative intraoral pressure [12]. In contrast,
Wright denied the crucial role of patient’s posture for
accurate recording of the VDO, emphasizing instead
the role of the patient’s comfort [42].

The continuing investigations revealed that the VDR
changes continuously with ageing and tooth loss [3, 4,
43-50]; thus, sole measurement of the distance between two
selected points is not an entirely reliable method of VDO
assessment, especially in edentulous patients [48, 51-53].
Swerdlow indicated that an interocclusal distance accom-
modates to changes in the vertical dimension of occlusion
[54]. Additionally, Atwood proved that sequential results
of VDR height are rarely constant, even in a single patient
[55]. Others’ main claim referred to the mobility of the skin
reference points [3, 30-34, 56, 57]. Some authors observed
a discrepancy in movement extent between the skin and
skeletal reference points, indicating that the distance be-
tween bone landmark points is longer than that measured
between the skin reference points [3, 33, 34]. Gross et al.
explained this phenomenon as a result of compensation
of facial soft tissue for changes of muscle tonus [33]. Con-
sequently, measurements obtained from the skin reference
points may differ even twofold from those measured on
the skeletal landmark, subsequently leading to errors in
VDO determination [34]. Further controversies about
the reliability of the VDR/VDO method came from studies
which showed that the postural vertical height is a range
rather than one rigid position and depends on head po-
sition, time of day of recording, and presence or absence
of dentures in the mouth [13, 28, 58-61]. Also, the muscle
tonus reflects current tiredness, anxiety or fear, pain, and
parafunctional habits or diseases of the mandibular neu-
ro-masculatory complex [4, 18, 28, 37, 53, 59, 62-64].

PRONUNCIATION METHODS

Since there was no consensus on accepting the VDR
method as reliable enough for accurate assessment
of the VDO in edentulism, clinicians searched for an-
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other procedure which would complement the VDR in
gathering data for the optimal VDO assessment. The one,
firstly described by Silvermann [65], showed that during
pronunciation of the sibilant sounds (/s/,/sh/,/ch/)
the incisal edges of anterior teeth localize at the least sep-
aration and closest speaking space (CSS). The CSS rang-
es from 0 to 10 mm with the average of 2 mm [65-67].
According to Silvermann, the CSS remains stable
throughout the lifetime and should be recorded before
the loss of teeth [65]. Two other enthusiasts of the CSS
method, Pound and Murrell, claimed that the CSS al-
lows one not only to determine the appropriate VDO,
but also to find the CR and correct position of the up-
per incisors and canines [68, 69]. A similar phonetic
method including the vowels “O” and “E” was proposed
by Marko et al., who defined the average interocclusal
space during pronunciation of the vowels “O” and “E” as
5.5 mm and 7.5 mm, respectively [17]. Negucioiu et al.
though, preferably used the vowels “S” and “I” to prevent
overestimating the VDO [70]. Although all supporters
of the pronunciation method emphasize its advantages,
they also claim that the CSS depends on the localization
of the /s/ sound in a particular word or phrase. It also
differs among individuals and depends on the presence
or absence of the occlusion rims in the mouth, and thus
cannot be used as an exclusive method for VDO record-
ing [67, 71, 72].

SWALLOWING

The physiological concept of establishing inter-jaw
relation benefits from the swallowing phenomenon. Sha-
nahan described that swallowing starts from the maxi-
mum intercuspation and thereafter the mandible returns
to the postural rest position. The author suggested that
swallowing allows for recording both the VDO and CR
[26,73]. However, Millet et al. and Cimic et al. disagreed
with this suggestion and emphasized that swallowing
can only be justified when setting the vertical position
of mandible but should not be used to assess the CR
[38, 74]. Similarly, Abdel-Hakim proved that the man-
dible position during swallowing differs from its CR
position, and thus the validity of swallowing method is
questionable [75]. Ismail and George, even though they
observed an increase in height of the prosthetically re-
habilitated face compared to the pre-extraction data,
still recommended swallowing in edentulous patients as
areliable method, but only for VDO determination [76].

LATERAL CEPHALOGRAMS

The evaluation of lateral cephalograms has been
widely described as a predictable tool for establishing
the correct VDO [13, 58, 77-80]. Generally, there are
two known approaches that benefit from this meth-
od. The first follows the localization of specific points

marked on a skeletal landmark. It compares the total
face height measured between the nasion and gnathion,
the upper face height measured from the nasion to
the anterior nasal spine (ANS), and the lower face height,
which is the span between the ANS and the gnathion.
According to this theory, when the mandible remains
at the rest position, the ratio between the upper and
lower face height is approximately 43% to 57%, which
stands for the appropriate vertical dimension [79, 81].
Hull et al. postulated to take at least three trials and
assured that as long as at least two out of three results
correspond within 1 mm, it ascertains the measure-
ment accuracy [81]. In contrast, Ismail’s et al. evaluation
showed that while treating edentulism, the VDO values
obtained from the lateral encephalogram analyses were
mostly too high, but “self-adjusted” during the first six
months of complete denture wearing [51]. Moreover,
some authors claim that while formulating equations
for correct calculation of data obtained from the lateral
cephalogram analyses only a limited and specific popu-
lation was evaluated, which may compromise drawing
general conclusions and applying them to the worldwide
population [13, 77].

The second approach to establish the VDO with
the lateral cephalogram analysis is based on a compar-
ison of the angle crossed between the line drawn from
the Xi (placed in the center of the mandibular ascend-
ing ramus and the Frankfort plane) and ANS points
and the line bridging the ANS and suprapogonion (Pm)
points [58, 79]. The obtained values are later compared
to orthodontic norms. The results of Brzoza et al. ob-
tained from edentulous patients were almost equal
(47,6°) to the orthodontic norm (47 + 4°), which result-
ed in these and other authors’ opinion that the cephalo-
metric analysis is a manageable, effortless, economical
and atraumatic way for the precise estimation and con-
trol of the reconstructed VDO during the fabrication
of complete dentures [13, 79]. However, Brzoza et al.
emphasized that their study was conducted with patients
who had just become edentulous, which might have in-
fluenced the final result [79]. The caution during the lat-
eral cephalograms evaluation in the edentulous popula-
tion was accentuated by Enkling et al. [82]. The authors
stressed the fact that cephalometric norms applied in
orthodontics are established in the dentate population
and exclude the progressive facial growth [82]. Consid-
ering these doubts, some authors suggested using lateral
cephalograms as a pre-extraction record, which will be
helpful after the loss of dentition [81, 83].

PRE-EXTRACTION RECORDS

Uncertainty and problems with the correct VDO
reconstruction in edentulous patients became an incen-
tive to collect the pre-extraction records, which could
direct the precise reconstruction of the VDO in both
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the partially edentulous but specifically in the totally
edentulous patients. Some authors recommended using
a specific tool called a dakometer, which simultaneous-
ly records the distance between the nose and chin in
the MI position and location of incisal edges of the up-
per central incisors [24, 63]. Turrell depicted this proce-
dure as much more accurate than numerous others used
after tooth extraction [24]. Comparable to the dakome-
ter is the Sorenson Profile Scale, which Smith described
as “surprisingly reliable”, although it requires one to label
the reference points on the skin, which might result in
their movement or smearing [2, 84]. Due to the fact that
such tools are hardly available nowadays, other authors
proposed fabricating face profile templates made of wire
and adjusted to the facial contour [85]. Others suggested
tracing the face profile on the pantograph and cutting
them out suitably from cardboard [24, 86]. Collecting
the pre-extraction records seems very helpful during
the reconstruction of facial aesthetics while fabricating
the complete denture, but it is very unlikely to collect
the life-lasting data for every individual just in case
of teeth loss. This idea also raises the question whether
to collect the sequential data or the single one and, if so,
what age would be the most representative.

ADDITIONAL METHODS

Another tool dedicated to the accurate determina-
tion of the VDO is the bimeter by Boss [1, 24, 25]. The
bimeter was designed for the measurement of biting
forces due to the author’s presumption that the greatest
biting power occurs when a mandible movement starts
from its rest position [1]. Consequently, the appropriate
VDO should be diminished by 3 mm from the mandible
position recorded at the largest stretch of the mastica-
tion muscles. This research was questioned by Boucher
et al., who concluded that the measurement of the VDO
with the bimeter is strongly subjective [8].

The next method, which relies on the patient’s neuro-
muscular perception, is the screw-jack method [87, 88].
It suggests that every individual is able to judge the com-
fort of the VDO even if all teeth have been lost. This abili-
ty results from a tactile sense. However, numerous neural
diseases, e.g. Parkinsons disease, exclude this method.
There are also opinions that the presence of the screw-
jack in the mouth can alter the patient’s perception [18].
Some authors followed the patient’s feedback while us-
ing the central bearing device from an intraoral Gothic
arch but still suggested carefully ascertaining established
values on the wax trial denture with the phonetics and
aesthetic appearance of a patient [7, 89].

A limited number of authors stated that measurement
of existing dentures might provide the correct VDO [90].
They either compare the left eye-ear distance to predict
the chin-nose distance [78, 91] or use the “open rest po-
sition” (a position with minimal lip separation) to de-

termine the VDO [92]. Pitigoi-Aron et al. recommend-
ed establishing the interalveolar dimension by copying
the old dentures’ dimension with a caliper device, which
is a modified Boley gauge. In this study, the recorded di-
mension becomes a permanent reference point for a pa-
tient, which is usable during adjustment of wax rims and
includes the loss of the occlusal vertical dimension (OVD)
after denture fabrication [93]. Furthermore, a study was
conducted to evaluate the average interalveolar distance
in the edentate population, which revealed that the dis-
tance between the maxillary vestibular folds and the me-
siobuccal tubercle for the first molar and premolar was
approximately 17.25 mm and 20.11 mm, respectively [94].

Other anthropometric approaches for finding the
correlation between VDO and finger length were used
independently by Bhandari’s and Sihuay-Torres’s teams
[29, 95, 96]. Bhandari et al. suggested that the little fin-
ger length almost equals the VDO, but although Sihuay-
Torres et al. found a correlation between the index,
middle and little finger and the VDO, they still recom-
mended the method as a supplementary one [95, 96].
Since no ongoing research has confirmed the scientific
value and reliability of these methods, they should be
performed cautiously or confirmed with the correspond-
ing methods.

CENTRICRELATION REGISTRATION

Once the VDO is recorded, the central relation must
be established. The CR is a physiological position of con-
dyles, which are centered in the fossa in their most supe-
rior and anterior position with an appropriate location
to the disc and a correct relation to the posterior part
of the articular eminence [19]. CR is a gnathological
concept and does not depend on contact with the teeth.
It is unique for each individual [2].

GOTHICARCH AND ARROWHEAD

Drawing the Gothic arch is one of the most popular
techniques, widely described in the literature as repeat-
able, accurate and easily applied even by inexperienced
clinicians [7, 89, 97]. The idea of the Gothic arch comes
from the registration of the extreme forward, backward
and side movements of the mandible. With the rod
mounted on the upper dental arch between first molars
and the recording plate mounted on the lower dental
arch, a patient draws a figure which resembles a Gothic
arch and an arrowhead [7, 89]. The central line that
crosses the arch covers the centric relation, maximum
intercuspation (MI; central occlusion) and maximum
protrusion points. Authors differ in their opinions about
the localization of the MI spot [1, 4, 7, 37, 89, 98]. Some
of them advocated the arrowhead [4, 7, 89, 98], while
others suggested that the MI is located 0.5 to 1.5 mm
anteriorly from the arrowhead [1, 37]. The latter opinion
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includes the fact that only 10% of the global popula-
tion shows the coincidence of localization of the CR
and MI, while approximately 90% of the population
shows the up to 1.5 mm anterior slip called “freedom
in centric” [37]. Ismail and Rokni recommended the re-
construction of the mandible-maxilla relation with
the detailed assessment of the CR including the free-
dom in centric, which, in the authors’ opinion, would
prevent trauma of the TMJs [99]. Some authors point
out the limits of the Gothic arch method as it is more
prone to errors due to muscle tiredness or mishandling
of the device [100-102]. They also state that it may be in-
accurate among patients with Angle’s class II or III or pa-
tients with dementia and disturbed muscle coordination
[101]. Moreover, a hypertrophic tongue, which is often
present in edentulous patients, can cause a displace-
ment of the recording tools. Yurksta and Kapur’s study
showed that the position and inclination of the central
bearing rod as well as the force which a patient applies
when closing the mouth have a great influence on the re-
sults of this method [100]. Myers et al. suggested that
the Gothic arch tracing reproduces the CR equally to
the method that implements the dentist’s assistance,
which in assumption resembles Dawson’s grasp [103].

The contemporary approach to obtain the Gothic
arch tracing is the use of an electronic face-bow, such
as the ARCUS digma II (KaVo Dental GmbH, Biberach,
Germany). Following the condylar guidance with ultra-
sonic signaling the system records the 3D (protrusive,
retrusive and lateral) mandibular movements, concur-
rently calculating and mapping the movements of junc-
tions, which eventually allows for direction of the man-
dible to the exact CR position. Additionally, the EMG
channel allows for the simultaneous measurement
of muscle tonus [104]. On the other hand, the present
authors’ observations showed that the size and weight
of the face-bow can jeopardize the patient’s muscle co-
ordination. Moreover, such equipment is not commonly
available in dental practices.

Closing the mouth with a dentists thumb pushing
(guiding) the chin backwards is a worldwide practiced
procedure for setting the most distal mandible position
[27, 105, 106]. Its performance does not require any
special equipment apart from wax rims. Importantly,
it is also fast and relatively easy, which elderly patients
specifically appreciate. This procedure seems the most
beneficial for patients wearing complete dentures which
are very old, with decreased VDO or those who tend to
protrude the mandible [106-108]. All authors agree that
the dentists manual guidance should be done carefully,
because exceeding the most distal position may result in
a TMJ disorder accompanied by pain or tinnitus [27, 105-
108]. Instructing a patient to touch the posterior border
of the upper baseplate with the tip of the tongue can also
help to direct the mandible to the maximum distal po-
sition and might be used separately [101, 106, 109-111].
Boyanov modified this method by closing the mouth with

the head leaning backwards [5]. The author explained that
his modification provided a reflex shortening of the sup-
rahyoid muscles, which consequently pulled the mandi-
ble downwards and by acting in concert with the tempo-
ral muscles during mouth closing, directed the mandible
into the CR position [5]. The authors of this manuscript
are currently running the project, which includes bilat-
eral cone beam computed tomography (CBCT) evalu-
ation of TM]Js after establishment of the OVD and CR.
The CBCT scans are taken with the wax rims fixed in
the patient’s mouth. This allows for immediate modifica-
tion of the maxilla to mandible relation, if necessary, and
preliminary conclusions are very promising.

CONCLUSIONS

There is a lack of a single and exclusive, scientifical-
ly confirmed consensus for the determination of both
the VDO and CR during complete denture fabrication.
All authors agree that the establishment of the incorrect
relation between the maxilla and mandible causes severe
problems in the stomatognathic system. So far the avail-
able procedures are associated with a high degree of sub-
jective clinical judgement and variability. Thus, ongoing
studies with the application of new technologies are still
valid and strongly recommended.
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