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Abstract
Objective: To determine the correlation between the vertical dimension of occlusion
(VDO) and different facial and hand measurements, contributing in the domain of
prosthodontics.
Methods: A cross-sectional study was conducted on a sample of 134 dentate individuals
of age group 20-45 years, who fulfilled the defined inclusion criteria. VDO along with
facial and hand measurements were measured clinically usingVernier gauge. Regression
analysis wasused to find the correlation between VDO and the other measurements.
Results: Statistically, the minimum, maximum, and average vertical dimension of
occlusion recorded for the participants were 52.33, 85.67, and 69 mm, respectively. The
vertical distance from the outer canthus of the eye to the corner of mouth showed the
strongest positivecorrelation with VDO, which was statistically significant. The distance
from the outer canthus of the eye to the external auditory meatus and from the tip of the
thumb to the tip of the index finger showed the least significant correlation with VDO.
Conclusion: The use of facial measurements, particularly the vertical distance from the
outer canthus of the eye to the corner of the mouth, is a reliable and reproducible
technique that can be used in daily clinical practice for VDO determination. It eliminates
the need for subjective techniques, such as assessment the of physiologicrest position,
appearance, speech, swallowing, and patient comfort, radiographs and devices that are
complex and expensive.
Keywords: Edentulous Patients, Objective Techniques, Outer Canthus of the Eye,
Vertical Dimension of Occlusion.
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Introduction
The vertical dimension of occlusion (VDO)is defined as the distance measured
between two points when the occluding members are in contact (Glossary of Prosthodontics
Terms). [1, 2]The concept of determining VDO was highly controversial. Two theories have
been postulated; the first theory states that VDO remains constant as the teeth continue
erupting to compensate for their wear, while the surrounding dental structures maintain it. [3, 4,
5]The second theory states that the eruption may not keep up with tooth wear and VDO is
affected by the loss and eruption of teeth because the rate of eruption varies among people.
Establishment of the vertical dimension of occlusion (VDO) is a critical step and, if not
conducted properly, may result in negative consequences on the residual oral structures. Since
a long time, scientists are consistently doing efforts to exploreconstant anthropometric facial
measurementsto establish the correct VDO. [1, 6-9]
Depending on diverse range of factors, the facial vertical dimensionrepresentsan
important variable existing in dentate patients. This vertical dimension of occlusion is
obtained prior to the extraction of the teeth. The change in facial pattern is not due to the
decrease in VDO; however, the change is caused by the loss of support given by the teeth and
alveolar processes to the lips.[1, 7-10] The loss of teeth and resorption of alveolar bone in
edentulous patients leads to a reduction or loss of vertical dimension of occlusion.[11, 12]Hence,
the determination of correct vertical dimension of occlusion is an important and critical step
in the treatment of these patients.[11,13-15]There are no precise or accurate methods for VDO
determination, despite the advancements in materials and techniques used in the field of
prosthodontics.[14] According to Zarb et al. VDO determination using a single scientifically
proven technique is not possible.[15]This is considered as a significant step in the construction
of removable or fixed prosthesis for the edentulous patients.
If the VDO is not correctly restored or established, rapid resorption of the residual
alveolar ridges may occure. This aspect has prompted many prosthodontists tofind a constant
anthropometric measurements within the face. [16] In dentulous patients, the vertical
dimension of the face tend to show variations depending on multiple factors. However, in
completelyorpartially edentulous patinets, this condition is magnified as the loss of vertical
dimension is associated with sinking-in of the lips as compared to the situation prior to teeth
loss. [17].
In a denture wearer,VDO is established with a maxillary and a mandibular base plate
withocclusal wax rims. Clinical judgment plays a major role in the assessment of this
important component.[14]The literature describes different means to determine the VDO for
the rehabilitation of edentulous patients.[18]Some of the subjectiveand indirect methods to
determine VDOincludethe use of patient’s occlusal biting pressure,[9, 19]physiologic rest
position, inter-occlusal distance (freewayspace),[12, 20] swallowing technique,[21]and speech using
sibilant sounds.[5, 22]These subjective techniques require a great deal of skill and clinical
sensitivity by the operator to determine this position.
Research has shown that physiologic rest position is highly variable and affected by
several factors such as airway posture, emotional factors, and difference in head posture;
therefore, itcannot be considered as a stable reference position.[10]The concept of using
speech and the sound for the establishment of VDO has been debated by Harper & Misch.[23]
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They claimed that the patients with dentures often wear the same prosthesis for more
than 14 years and during this time lose 10 mm or more of their original VDO. Yet, all of
these patients are able to say Mississippi with their existing prosthesis. If speech was related to
the original VDO, these patients would not be able to pronounce the S sounds because their
teeth would be more than 12 mm apart.
Other techniques and methods to determine VDO are objective and direct methods.
These include facial dividers and soft tissue measurements. The use of facial measurements to
determine VDO can be traced back in ancient times. [4, 24-26]Leonardo da Vinci (1452-1519)
had contributed several drawings on facial proportions in the book, which were known as
divine proportions. Mischhas claimed that facial and hand measurements offer significant
advantages for VDO determination during prosthesis fabrication. [27]These are direct and
objective techniques, rather than subjective techniques. According to Misch, the original
VDO correlates with at least 12 dimensions pertaining to the face and hands. The clinician
may take the average of five or more available measurements (especially when they are within
1 to 2 mm range) to determine VDO. It is followed by the wax rim or provisional acrylic
prosthesis that can be adjusted to evaluate esthetics, phonetics, and the resting jaw position.
Another two-dimensional objective method is the cephalometricradiograph. [7]In spite of
various advancements associated with the methods and techniques in prosthodontics, no
precise or universal method is recommended for assessing the VDO for edentulous patients.
This study was conducted to evaluate the reliability of various facial and hand
measurements in determining the VDO. This was achieved by taking the average distance
between the following hand and facial landmarks in dentate population:the distance between
the tip of the thumb and the tip of the index finger when the fingers are pressed together (da
Vinci), the vertical length of the nose at the midline (Glabella-Subnasion),the vertical distance
from the external corner of the eye (outer canthus) to the corner of the mouth, the vertical
distance from the eyebrow to the ala (wing) of the nose, the vertical height of the ear (da
Vinci) and the distance from the outer canthus of the eye to the external auditory meatus of
the ear (da Vinci).These measurements were then correlated to a commonly used facial
distance; the Chin-Nose distance. The chin-nose distance was measured with Niswonger’s
method, which includesthe distance from the tip of the nose to the most prominent point of
the chin. [34]This study aimed to instruct objectivity to the complete denture construction
through identifying the reliability of different hand and and facial measurements.It has been
assumed that if any or some of these measurements directly correlates with the existing VDO
of the patient, then it can be effectively used to determine VDO in edentulous patients.
Materials and Methods
A descriptive randomized quantitative design has been implemented in accordance with the
objectives for data collection. A simple random sampling was implemented to select a sample
of 134 dentate individuals within age group 20-45. The participants who exhibited teeth with
good periodontal support, an Angle’s Class I molar relationship,no premature occlusal
contacts, and possess minimum of six occluding pairs, were included in the study.
Participantswho had large occlusal restorations,ahistory of orthodontic or orthognathic
surgical treatment, deepopen bite, visible facial or hand deformities, and history of trauma or
temporo-mandibular joint disorders were excluded.
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Willis [26] has been given the credit for popularizing these measurements and McGee [4]
correlated the known vertical dimension of occlusion with three facial measurements, which
was claimed to remain constant throughout life. Case history was recorded and clinical
examination was conducted. During the clinical examination, each individual was instructed
to sit upright with head unsupported. The distance from the tip of the thumb to the tip of the
index finger was recorded by three investigators (Figure 1). The VDO from the tip of the
nose to the most prominent point of the chin (Figure 2A) was determined. Vernier gauge
(Figure 3)was used to measure the vertical distance from the outer canthus of the eye to the
corner of the mouth (Figure 2B), the vertical distance from the eyebrow to the ala of the nose
(Figure 2C), the distance from the outer canthus of the eye to the external auditory meatus
(Figure 2D), thevertical length of the nose at the midline (from subnasion to the glabella)
(Figure 2E), andthe vertical height of the ear (Figure 2F).Three readings were taken for each
of these measurements and the average was calculated.
Figure 1: Measurement of the distance between the tip of the thumb and the tip of the
index finger for determination of the vertical dimension of occlusion.

Bajunaid et al.

5

Figure 2: Anthropometric measurements used for determination of the vertical dimension of
occlusion (VDO). A: VDO, B: vertical distance from the outer canthus of the eye to the
corner of the mouth, C: vertical distance from the eyebrow to the ala of the nose, D: distance
from the outer canthus of the eye to the external auditory meatus, E: vertical length of the
nose at the midline (from subnasion to the glabella), and F: vertical height of the ear.

Figure 2: Vernier Gauge.
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The statistical package for social sciences (SPSS) version 20.0 was used to analyze the
results statistically, and the mean and standard deviations were obtained. The relationship
between the vertical dimension of occlusion (VDO) of the subjects and each calculated
measurement was identified using One-way analysis of variance (ANOVA).Moreover,
regression analysis was applied to discover the correlation between the VDO and the various
measurements. The investigators obtained an ethical clearance through the ethical committee
and all subjects were provided a written informed consent for participating in the study.
Results
For each participatn, the mean of every parameter was calculated. The minimum
vertical dimension of occlusion recorded for the dentate individuals was 52.33mm; whereas,
the maximum value measured was 85.67mm. The average vertical dimension of occlusion
recorded for these individuals was 69mm. The data was statistically analyzed using Statistical
Package for Social Sciences software (SPSS)version 20.0. Results of regression analysis
showed that among all measurements, the vertical distance from the outer canthus of the eye
to the corner of the mouth showed the strongest positive correlation with VDO (r2 = 0.610)
(Table 1).
Table 1. ANOVA,relationship between VDO and the distance from the outer canthus
of the eye to the corner of the mouth (measure 1).
DF
F-Value
P-Value
Sum of
Mean
Squares
Square
Regression

1

1294.124

1294.124

Residual

135

828.846

6.140

Total

136

2122.970

210.783

<.0001

Regression analysis has revealed that using the r2 value of 0.61, VDO can be determined using
the following formula;
VDO = 0.833 * M + 11.775
Where; M is the the distance from the outer canthus of the eye to the corner of the
mouth.Moreover, one-way analysis of variance (ANOVA) with the level of significance at
0.05 revealed a statistically significant p-value (<0.0001) for the mean value of this
measurement (Table 2 & Figure 4).
Table 2: Results of regression analysis for the relationship between the vertical dimension of
occlusion (VDO) and the distance from the outer canthus of the eye to the corner of the
mouth (measure 1).
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Count

137

Num. Missing

0

R

0.781

R Squared

0.61

Adjusted R Squared

0.607

RMS Residual

2.478

Figure 3: Regression Model.
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The remaining parameters showed a very weak correlation with VDO, with the
distance from the outer canthus of the eye to the external auditory meatus (r2 = 0.045) and
the distance from the tip of the thumb to the tip of the index finger (r2 = 0.043) showing the
least significant correlation.
Discussion
The study was conducted to confirm the reliability of facial and hand measurements
to determine the VDO. Various methods have evolved for the measurement of the vertical
dimension of occlusion in edentulous and dentulous patients. However, there is no accurate
and universally accepted method to determineVDO in edentulous patients.
The determination of vertical dimension of occlusionis a critical step in the
fabrication of complete dentures and the rehabilitation of dentulous or edentulous patients.
However, VDO assessments rely strongly on the judgment of the clinician.[14]Several studies
have advocated different methods for VDO determination, which can be broadly divided into
the following:
 Physiological and subjective methods that include assessments of the physiological rest
position, swallowing, phonetics, and esthetics.
 Mechanical and objective methods that include assessments of facial measurements, preextraction records, cephalograms andelectromyograms.[28]
Some of these techniques require complex devices and are not practical for everyday
use. [29]McGee stated that it might be possible to use facial measurements of anatomic
landmarks in establishing vertical dimension.[4]Therefore, this study has focused on the
relationship between VDO along with facial and hand measurements in the dentate
population, and determined the reliability of these measurements. The measurements
obtained were selected from previous studies. [3, 26, 28, 30]The average VDO recorded for the
participants in this study was 69 mm. This value was similar to those obtained by McGee,
who proposed an average value of 65–70 mm for VDO. [23]For a successful prosthesis, the
VDO must be determined carefully by the dentist.
The results suggested a significant positive relationship between VDO and the vertical
distance from the outer canthus of the eye to the corner of the mouth (r2 = 0.610). Similar
results were obtained in studies conducted by Goodfriend, McGee, Schweitzer, and Willis.[12,
23, 31, 32, 35]In 1953, Fenn et al. proposed that the vertical distance from the outer canthus of the
eye to the corner of the mouth could be used for accurate VDO determination.[24]Nagpal et
al. recently studied 150 dentate and edentulous subjects, and found a strong association
between VDO and the distance from the left corner of the eye to the corner of the mouth in
the dentate subjects. They further reported that VDO is strongly associated with the distance
from the right corner of the eye to the ear. [32]In the present study, the facehas been
considered to be symmetrical, in accordance with Thompson’s statement that there is no truly
symmetrical face. Normal asymmetry is not very evident;whereas, abnormal asymmetry is
quite obvious and its frequency of occurrence puts it in a class to be treated by itself. [17]It was
concluded from another study conducted on the edentulous patients that to determine VDO
for a particular denture wearer, left angle of eye to angle of mouth distance and left ear-eye
distance could be used with accuracy.
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In a recent study conducted in dental colleges and hospitals in India (n = 400 dentate
subjects) by Ladd et al., it wasfound that VDO can be estimated by measuring the distance
from the index finger to the thumb.[22] However, the present study found this measurement to
be the least reliable for VDO determination. Similarly, Chou et al. stated that the left ear–eye
distance can predict the chin–nose distance with reasonable accuracy, [31]where this
measurement found to be one of the least significant in the present study. These discrepancies
between studies may have resulted from differences in the ethnic groups included in each
study, which may have demonstrated different facial features.A study conducted by Geerts et
al. concluded that, the caliper method is significantly more reliable for the measurement of
VDO. [33]To a certain extent, the variation in measurements was because of the difference in
the techniques of measurement, ethnicities of the population, and also due to the sample size
involved. The results also indicated that anthropometric measurements, which include finger
lengths, can be used for initial guidance to estimate the lower facial height and offer
significant prosthetic advantages. The traditional methods like; the judgement of facial
esthetics although sounds well subjectively, but scientifically they are non-specific. Whereas,
the objective methods like; electromyography and biting forces involve the use of complex
devices that cannot be used in routine life; therefore, these methods are also impractical.
There is still no positive and effective method to determine the VDO; hence, the use of
facial dimensions for establishing the occlusal vertical dimension is considered to be more
practical method to be used in routine life. Also the facial and hand measurements to
determine VDO are widely accepted as it doesnot require great amount of time, easily
mastered, are practical and no expensive equipment are needed.
Conclusion
VDO determination is one of the most critical steps in prosthesis fabrication,
although there is no precise scientific method for this purpose. The results suggested that the
vertical distance from the outer canthus of the eye to the corner of the mouth is a reliable and
reproducible measurement for the determination of VDO. Moreover, the valuable adjunct is
needed in the determination of VDO that is an imperious step for completing the denture
fabrication. Furthermore, the technique is simple and economical and can be used in daily
clinical practice. Further studies including larger samples of subjects from diverse ethnic
groups are needed to confirm the findings. Scientific techniques will likely increase the
reliability of the measurements in order to determine the VDO despite the past conventional
techniques. Different techniques have been proposed to determine accurate VDO. The
criteria to be considered while selecting the best method to determine VDO include accuracy
and repeatability of the measurement, type and complexity of the equipment needed, and the
time required to secure the measurement.
Acknowledgement
The authors are very thankful to all the associated personnel in any reference that
contributed in/for the purpose of this research. Further, this research holds is not funded
through any source.
Conflict of Interest
The authors declare no conflict of interest.

10

International Journal of Medicine and Pharmacy, Vol. 5(1), June 2017

References
Ghoddousi H, Edler R, Haers P, Wertheim D, Greenhill D. Comparison of three methods of
facial measurement. International journal of oral and maxillofacial surgery. 2007 Mar
31; 36(3):250-8. DOI: 10.1016/j.ijom.2006.10.001
VanBlarcom CW, editor. The glossary of prosthodontic terms. Mosby; 1999. DOI:
10.1016/s0022-3913(99)70234-9
Bowman AJ, Chick AO. A note on facial proportions. Br Dent J. 1962; 112:288-9.
McGee GF. Use of facial measurements in determining vertical dimension. Journal of the
American Dental Association (1939). 1947 Sep; 35(5):342-50.
DOI: 10.14219/jada.archive.1947.0361
Silverman MM. The speaking method in measuring vertical dimension. The Journal of
Prosthetic Dentistry. 1953 Mar 31; 3(2):193-9. DOI: 10.1016/0022-3913(53)90127-9
Choe KS, Sclafani AP, Litner JA, Yu GP, Romo T. The Korean American woman's face:
anthropometric measurements and quantitative analysis of facial aesthetics. Archives
of facial plastic surgery. 2004 Jul 1; 6(4):244-52. DOI: 10.1001/archfaci.6.4.244
Strajnić L, Stanišić-Sinobad D, Marković D, Stojanović L. Cephalometric indicators of the
vertical dimension of occlusion. Collegium antropologicum. 2008 Jul 7; 32(2):535-41.
Goh BT, Lee S, Tideman H, Stoelinga PJ. Mandibular reconstruction in adults: a review.
International journal of oral and maxillofacial surgery. 2008 Jul 31; 37(7):597-605.
DOI:10.1016/j.ijom.2008.03.002
Ann LK. Determination of vertical dimension by biting force. Malaysian dental journal. 1967
Feb; 7(1):23-38.
Atwood DA. A critique of research of the rest position of the mandible. The Journal of
prosthetic dentistry. 1966 Oct 31; 16(5):848-54. DOI: 10.1016/0022-3913(66)90008-4
Atwood DA. Cephalometric Study of the Clinical Position of the Mandible. Part II. The
Variability in the Rate of Bone Loss Following the Removal of Occlusal Contacts. J.
Prosthet. Dent. 1957; 7:544-52. DOI: 10.1016/0022-3913(57)90062-8
Tallgren A. Changes in adult face height due to aging, wear and loss of teeth, and prosthetic
treatment. DOI: 10.1016/0002-9416(59)90098-3
Atwood DA. A cephalometric study of the clinical rest position of the mandible: Part III:
Clinical factors related to variability of the clinical rest position following the removal
of occlusal contacts. The Journal of Prosthetic Dentistry. 1958 Jul 31; 8(4):698-708.
DOI: 10.1016/0022-3913(58)90057-x
Turrell AJ. Clinical assessment of vertical dimension. The Journal of prosthetic dentistry. 1972
Sep 30; 28(3):238-46. DOI: 10.1016/0022-3913(72)90216-8
Zarb GA, Bolender CL, Hickey JC, Carlsson GE. Maintaining the comfort and health of the
oral cavity in a rehabilitated edentulous patient. Boucher's Prosthodontic Treatment
for Edentulous Patients. 10th ed. St Louis, Mo: CV Mosby. 1990:518.
Wylie WL. The Naso-Meatal line as a guide for the determination of the occlusal plane. Dent
Res 1944; 23:309-312. DOI: 10.1177/00220345440230050201
Thompson JR. The rest position of the mandible and its significance to dental science. The
Journal of the American Dental Association. 1946 Feb 1; 33(3):151-80. DOI:
10.14219/jada.archive.1946.0034
Misch CE. Vertical occlusal dimension by facial measurement. Continuum, Misch Implant
Institute Newsletter. 1997.

Bajunaid et al.

11

Boos RH. Intermaxillary relation established by biting power. The Journal of the American
Dental Association. 1940 Aug 31; 27(8):1192-9.
DOI: 10.14219/jada.archive.1940.0251
Pleasure MA. Correct vertical dimension and freeway space. The Journal of the American
Dental Association. 1951 Aug 31; 43(2):160-3. DOI:10.14219/jada.archive.1951.0188
Shanahan TE. Physiologic vertical dimension and centric relation. The Journal of Prosthetic
Dentistry. 1956 Nov 30; 6(6):741-7. DOI: 10.1016/0022-3913(56)90070-1
Sears VH. Principles and technics for complete denture construction. Mosby; 1949.
Harper RP. Clinical indications for altering vertical dimension of occlusion. Functional and
biologic considerations for reconstruction of the dental occlusion. Quintessence
international (Berlin, Germany: 1985). 2000 Apr; 31(4):275.
Fenn HRB, Liddelow KP, Gimson AP. Clinical Dental Prosthesis. Ed. 1 London: Stapless
press. 1953:191.
Schweitzer JM. The vertical dimension. The Journal of the American Dental Association.
1942 Mar 1; 29(3):419-22. DOI: 10.14219/jada.archive.1942.0020
Willis FM. Features of the face involved in full denture prosthesis. Dent Cosmos. 1935 Sep;
77(77):851-54.
Ladda R, Bhandari AJ, Kasat VO, Angadi GS. A new technique to determine vertical
dimension of occlusion from anthropometric measurements of fingers. Indian
Journal of Dental Research. 2013 May 1; 24(3):316. DOI: 10.4103/0970-9290.117993
Ivy RS. Dental and facial types. The American system of dentistry. Operative & prosthetic
dentistry. 1887:2.
Feldman S, Leupold RJ, Staling LM. Rest vertical dimension determined by electromyography
with biofeedback as compared to conventional methods. The Journal of prosthetic
dentistry. 1978 Aug 31; 40(2):216-9. DOI:10.1016/0022-3913(78)90018-5
Misch CE. Clinical indications for altering vertical dimension of occlusion. Objective vs
subjective methods for determining vertical dimension of occlusion. Quintessence
international (Berlin, Germany: 1985). 2000 Apr; 31(4):280.
DOI: 10.14219/jada.archive.1947.0361
Chou TM, Moore DJ, Young L, Glaros AG. A diagnostic craniometric method for
determining occlusal vertical dimension. The Journal of prosthetic dentistry. 1994 Jun
30; 71(6):568-74. DOI: 10.1016/0022-3913(94)90439-1
Nagpal A, Parkash H, Bhargava A, Chittaranjan B. Reliability of different facial measurements
for determination of vertical dimension of occlusion in edentulous using accepted
facial dimensions recorded from dentulous subjects. The Journal of Indian
Prosthodontic Society. 2014 Sep 1; 14(3):233-42. DOI:10.1007/s13191-013-0315-1
Geerts GAVM, Stuhlinger ME, Nel DG. A comparison of the accuracy of two methods used
by pre-doctoral students to measure vertical dimension. The Journal of prosthetic
dentistry. 2004; 91(1):59-66.
Niswonger ME. The rest position of the mandible and the centric relation. The Journal of the
American Dental Association (1922). 1934 Sep 1; 21(9):1572-82.
DOI: 10.14219/jada.archive.1934.0258
Goodfriend DJ. Symptomatology and treatment of abnormalities of mandibular articulation.
Dent. Cosmos. 1933; 75:844, 947, 1106.

