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ABSTRACT

Aims: To find the correlation between arbitrary 
surface intercondylar distance on one hand 
and freeway space, rest vertical dimension, 
occlusal vertical dimension on the other hand. 
Methods: A cross sectional study of randomly 
selected individuals between 18–56 years old, 
in a tertiary hospital in Ikeja from September- 
October 2017. Participants were examined and 
measurements, arbitrary surface intercondylar 
distance, rest vertical dimension,and occlusal 
vertical dimension were taken. Data collected 
were subjected to statistical analysis using 
SPSS version 20. Level of significance was set at 
p≤0.05. Results: Of the 48 participants involved 
in this study, 50% were males. Majority (47.9%) 
were between 26–35 years old with a mean age 
of 31 years. Participants in age group 18–25 
years and ≥36 years had similar freeway space 
(FWS) which were 3.43±1.01 mm and 3.45± 
0.82 mm respectively while 26–35 years old 
had 3.13±0.87 mm. Mean FWS was 3.29 mm. 
There was no significant statistical difference 
in FWS based on gender and age. Spearmans 
correlation coefficient (R2) analysis revealed a 
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positive correlation of intercondylar distance 
with freeway space, rest vertical dimension 
and occlusal vertical dimension. Regression 
equations were formulated and utilized to 
calculate concerned parameters. Conclusion: 
There is correlation between inter condylar 
distance on one hand and freeway space, 
rest vertical dimension and occlusal vertical 
dimension on the other hand. Therefore a 
regression equation becomes a simple and rapid 
method of calculating each parameter.

Keywords: Freeway space, Intercondylar dis-
tance, Rest vertical dimension, Occlusal verti-
cal dimension

How to cite this article

Awotile AO, Loto AO, Adenuga-Taiwo OA. The 
interrelationship of arbitrary surface inter-condylar 
distance, freeway space, rest vertical dimension and  
occlusal vertical dimension. Edorium J Dent 
2019;6:100038D01AO2019.

Article ID: 100038D01AO2019

*********

doi: 10.5348/100038D01AO2019OA

INTRODUCTION

Freeway space (FWS) otherwise known as inter-
occlusal clearance or inter-occlusal distance or occlusal 
rest space or inter-occlusal space is the distance between 
the occlusal and incisal surfaces of upper and lower 
antagonistic teeth when the mandible is in physiologic 
rest position or postural position [1]. It is the difference 
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between rest vertical dimension (RVD) and occlusal 
vertical dimension (OVD). Occlusal vertical dimension is 
the height of the lower part of the face measured from 
two reference points when the maxillary and mandibular 
teeth (dental arches) are in centric occlusion and is 
influenced by various factors while rest vertical dimension 
is the height of the lower part of the face measured from 
identified two reference points when the mandible is in 
physiologic rest position.

The most commonly used reference points for 
measuring, OVD and RVD are subnasale and menton; 
and tip of the nose and gnathion.  These three 
parameters (FWS, OVD & RVD) are separate but inter-
related physiologic parameters.  They are of great 
importance in diagnosis, treatment planning as well as 
treatment procedures’ evaluation in operative dentistry, 
prosthodontics, orthodontics and maxillo-facial surgery.  
In fully edentulous people, there are no teeth to ensure 
mutual contact between upper and lower dental arches. 
Therefore, jaw relationship when fabricating dentures, 
should be re-established with artificial dental arches in the 
proper vertical and horizontal relationships. This is one of 
the most complex procedures in prosthodontics [2].

The role of FWS in re-constructive restorative 
dentistry cannot be over emphasized; and the importance 
of OVD and RVD in the determination of FWS cannot be 
under-estimated because FWS is derived from RVD and 
OVD.  Therefore, the accuracy of FWS depends on the 
degree of accuracy of the determination of RVD and OVD.

OVD in a dentate patient is relatively constant 
throughout life, even in the face of severe generalized 
attrition or localized attrition involving only the 
anterior teeth. This relative constancy is maintained 
by compensatory growth of the alveolar process which 
tries to restore the OVD to its initial status. Complete 
loss of teeth or loss of posterior teeth results in reduced 
OVD because OVD depends on the height of the ramus 
and the clinical heights of the posterior teeth. RVD is a 
variable parameter which cannot be determined precisely 
by all known methods. It is influenced by various factors 
such as head posture, stress, fatigue, loss of teeth, age, 
health status, bruxism, methods of its determination 
as well as the skillfulness of the dentists during RVD’s 
determination.

Various methods have been reportedly used in the 
determination of RVD and OVD in both dentate and 
edentulous people by different authors.  These methods 
include pre-extraction records, photographs, swallowing 
method, phonetic method, facial anthropometric 
measurements, transcutaneous electrical nerve 
stimulations (TENS) and so on.  It is generally agreed 
that none of these methods can accurately and reliably 
determine RVD and OVD.  Consequently, incorrect 
determination of RVD and/or OVD will result in incorrect 
determination of FWS.  FWS can vary within an individual 
and from individual to individual.  It may be affected by 
factors such as head posture, age, mental state, fatigue, 
some medications etc. Adaptive FWS is defined as the 

inter-occlusal space that exists when patient is instructed 
to voluntarily allow the lower jaw to relax [3] while the 
true FWS is defined as the measured inter-occlusal 
space when the lower jaw has acquired position of least 
muscular activity after TENS by the myomonitor [3, 4].

The average FWS normally employed in prosthodontics 
procedure is 2–4 mm. However, FWS like RVD & OVD, 
is dynamic and depends on OVD and RVD. It is essential 
for speech, efficient mastication, aesthetics and comfort. 
Consequently, reduced or increased FWS will impact 
negatively on speech, mastication, facial aesthetics and 
comfort. In view of the aforementioned importance of 
FWS, dentists are constantly reviewing and seeking 
more effective, efficient and accurate methods or ways 
of determining FWS, OVD and RVD by comparing facial 
anthropometric measurements using proportions or 
ratios. One of the facial anthropometric measurements of 
great interest is the bi-condylar distance which is defined 
as the distance between the left and right condyles 
measured from defined or specified reference points. The 
following possible combinations of reference points can 
be used: skin surfaces located just in front of the two tragi 
to mark the head of the two mandibular condyles, lateral 
surfaces (poles) of the two condyles, lateral surface of 
one condyle and medial surface of the other condyle, the 
medial surfaces of the two condyles, the lateral surface 
of one condyle and the mid-point of the medio-lateral 
dimension of the other condyle; and the mid-point of the 
medio-lateral width of the two condyle [5]. Therefore, 
in the determination of the inter-condylar distance, the 
researcher must clearly state the reference points that 
were used in order to avoid confusion. 

Bi-condylar distance (intercondylar distance) has 
been widely studied by various researchers who reported 
variations according to gender, age, race and facial type 
[6–8]. This parameter is one of the most stable and 
constant facial anthropometric measurements [6, 9, 10].
The relative constancy of this parameter has enabled 
many clinicians, researchers and anthropologists to 
associate it with other facial anthropometric parameters 
for the purpose of establishing definitive proportions 
or ratios between it and other facial measurements. For 
examples, intercondylar distance has been correlated 
with lower anterior facial height (LAFH), upper anterior 
facial height (UAFH), sum of the mesio-distal dimensions 
of the six anterior teeth in mandible and maxilla, and the 
sum of the mesio-distal widths of four upper incisors 
[6–10].

The need to search for more accurate methods for the 
determination of the aforementioned facial parameters 
cannot be overemphasized. Consequently, the objectives 
of this study were:

a)	� To determine whether there is any correlation 
between bi-condylar distance, OVD and RVD on 
one hand and FWS on the other hand;

b)	� To formulate regression equations, based on 
correlation co-efficient, for calculating bi-
condylar distance, OVD, RVD and FWS;
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c)	� To compare the results of this study with previous 
local and international studies.

MATERIALS AND METHODS

This is a descriptive cross-sectional study which was 
carried out on forty-eight (48) randomly selected patients 
who attended the oral diagnosis clinic at the Lagos State 
University Teaching Hospital, Ikeja, Lagos, Nigeria from 
September to October 2017. There were 24 males and 
24 females with age range of 18–56 years and combined 
mean age of 31 years.

The inclusion criteria for the participants included:

1.	� Full upper and lower dentitions with Angle’s 
class I molar and canine relationships

2.	� No history of TMJ disorders (symptoms and signs)
3.	 Absence of restorations, bridges and dentures
4.	 No history of jaw fracture and surgical operation
5.	 No facial asymmetry
6.	� Willingness to participate in the study and sign 

the consent form after the procedures had been 
carefully explained to each participant.

The exclusion criteria included in following:

1.	 Incomplete upper and lower dentitions
2.	 Presence of malocclusion
3.	 History of temporomandibular joint disorders
4.	 Presence of restorations, bridges and dentures
5.	 History of jaw fracture and operation
6.	 Facial asymmetry
7.	� Patient whose age is below 18 years or above 45 

years.

Ethical approval for the study protocol was obtained 
from the Health Research Ethical Committee of LASUTH. 
Written informed consent was also obtained from patients 
and they were assured of confidentiality. 

The following anthropometric parameters were 
measured:

Determination of bi-condylar distance
Each participant was seated upright, comfortably on 

the dental chair, looking straight forward with the head in 
erect position. The left and right condyles were palpated 
just in front of the tragi and their positions were noted. 
The condylar rods of the arbitrary face bow were made 
to touch the marked surface points of the condylar head 
and the distance between the left and right condyles was 
read from a metre rule. Two measurements were made 
by a single investigator who was previously calibrated for 
the purpose of accuracy and reliability and having intra-
examiner coefficient of variation of 0.99. The average 
value of the two measurements for each participant was 
determined by dividing sum of the two measurements 
by two. The values obtained for the participants were 
recorded in a form designed for this purpose.

Determination of OVD, RVD and FWS
Each participant was seated upright, comfortably on 

the dental chair with the head in erect position and the 
occlusal plane was made parallel to the floor.  The subject 
was instructed to bring the upper and lower posterior 
teeth into close contact and the distance between the 
subnasale and menton was measured twice using Alma 
gauge and the values were read on this Alma gauge to the 
nearest 0.1 mm. The two measurements were summed 
up and then divided by two to obtain average value for 
each participant.  This value represented the OVD of each 
participant.

To obtain the RVD, each participant, while 
maintaining the same sitting position in a relaxed mood, 
was also instructed to relax his lower jaw and to allow the 
upper and lower lips just to contact slightly.  The distance 
between the subnasale and menton was measured twice 
using Alma gauge; and the average value of the two 
measurements was determined to represent the RVD for 
each participant. The difference between mean RVD and 
mean OVD, for each participant, was taken as the freeway 
space (FWS) of that participant. 

To obtain the FWS for each participant, the average 
value of OVD was subtracted from corresponding mean 
value of RVD for each subject.

All the obtained values for RVD, OVD and FWS were 
recorded in the form designed for this purpose. The 
data obtained from the various measurements in this 
study were subjected to statistical analysis using SPSS 
version 20. Descriptive statistics such as frequency, mean 
and standard deviation were used for the purpose of 
formulating tables and figures. Student’s test was used to 
compare the mean differences between two variables and 
Spearman’s correlation coefficient was used to determine 
any correlation or association among the various 
variables.  Level of significance was set as p<0.05. Simple 
regression analysis was used to formulate regression 
equation for calculating freeway space.

Sample size determination
N = 16 × (SD)2 ÷ W2

N = Sample size; SD= Standard Deviation
W = Width of maximum margin of error
SD referenced in study (4) = ±1.6
W = 1
N = 16×(1.6×1.6) ÷ 1=40.96 (approx. 41)
Plus 20% attrition = 8.192 = 8
Therefore sample size = 41+8 = 49 

RESULTS

There were 48 participants involved in this study. The 
majority (47.9%) of the participants were between 26–
35 years old with a mean age of 31 years. There was no 
significant statistical association between gender and age 
group (Table 1). Most of the participants had a FWS of 
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about 4 mm while quite a few had 5 mm. The mean value 
of FWS was 3.29 mm (Figure 1).

The participants in the age groups 18–25 years and 
≥36 years had similar mean values of FWS 3.43±1.01 mm 
and 3.45±0.82 mm respectively. The mean FWS of 26–35 
years age group was slightly smaller (3.13±0.87 mm) than 
the other age groups. However, there was no statistically 
significant difference in the value of FWS based on age 
group (Table 2). Males had an average mean value of 3.38 
±0.92 mm FWS while females had 3.21±0.88 mm FWS 
with a p-value of 0.526; hence, no significant statistical 
difference was seen in FWS based on gender (Table 2).

Mean comparison of freeway space of this study with 
an international study using Turkey post hoc analysis 
showed a significant difference [11] while no difference 
was deduced when compared to local studies [12–14]
(Table 3). Spearman’s correlation coefficient analysis 
revealed a positive correlation of freeway space with rest 
vertical dimension, intercondylar distance and occlusal 
vertical dimension whereas it showed a weak positive 
correlation with age (Table 4). 

Based on the obtained correlation coefficient analysis 
(R2) values, the model has a high predictive ability to 
calculate the freeway space using measured occlusal 
vertical dimension, rest vertical dimension and bi-
condylar distance (Table 4).

Spearman’s correlation coefficient analysis also 
revealed a positive correlation of bi-condylar distance 
with rest vertical dimension, freeway space and occlusal 
vertical dimension whereas it showed a weak positive 
correlation with age (Table 5). Based on the obtained 
correlation coefficient analysis (R2) values, the model 
has a strong ability to predict the bi-condylar distance 
using freeway space, rest vertical dimension and occlusal 
vertical dimension.

Simple regression equations were formulated as 
follows:

Predicting freeway space using  
measured rest vertical dimension

Freeway space = -4.279+1. 188 (measured rest vertical 
dimension)

R2 = 0.831

Predicting freeway space using  
measured occlusal vertical dimension

Freeway space = –4.300+1.157 (measured occlusal 
vertical dimension)

R2 = 0.777

Predicting freeway space using meas-
ured bi-condylar distance

Freeway space = -8.437+0.901 (measured bi-condylar 
distance)

R2 = 0.676

Predicting bi-condylar distance using 
measured rest vertical dimension

Bi-condylar distance= 6.845+0.969 (measured rest 
vertical dimension)

R2 = 0.902

Predicting bi-condylar distance using 
measured occlusal vertical dimension

Bi-condylar distance = 6.341+1.105 (measured 
occlusal vertical dimension)

R2 = 0.911

Predicting bi-condylar distance using 
freeway space

Bi-condylar distance = 11.349+0.507 (freeway space)
R2 = 0.676

Table 6 shows comparison of mean values of RVD 
and OVD in this study with another study [13] which 
was found to have higher mean values for RVD and OVD 
relative to our study with the mean difference statistically 
significant (p-value = 0.000). 

DISCUSSION

Freeway space can be obtained by subtracting the 
value of OVD from the value of RVD. It is generally 
accepted that some oral and facial anatomical sites remain 
relatively stable throughout life [15] hence the utilization 

Table 1: Age Distribution according To Gender

Gender of participants Total P-value

Male n=24(%) Female n=24(%)

Age group (years)
18–25
26–35
≥36
Mean±SD

5 (20.8)
10 (41.7)
9 (37.5)

34.29±9.92

9 (37.5)
13 (54.2)
2 (8.3)

28.04±7.63

14 (29.2)
23 (47.9)
11 (22.9)

31.31±9.31

0.072
(age vs gender)

*Significant at p-value ≤ 0.05
No significant statistical association between gender and age group
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Table 2: Mean comparison of study parameters based on gender and age groups

N=48
Males=24
Females=24

Gender Mean ± SD Mean 
difference

Range p-value

Minimum Maximum

Bi-condylar distance Total
Male
Female

13.01±0.67
13.25±0.70
12.78±0.56

0.47
12.00
11.90

14.60
13.70

0.014*

Measured rest vertical 
dimension

Total
Male
Female

6.37±0.62
6.53±0.72
6.21±0.48

0.33
5.50
5.60

7.80
7.00

0.072

Measured occlusal-
vertical dimension

Total
Male
Female

6.04±0.56
6.20±0.64
5.89±0.41

0.31
5.20
5.30

7.30
6.60

0.053

Freeway space Total
Male
Female

3.29±0.90
3.38±0.92
3.21±0.88

0.17
2.00
2.00

5.00
5.00

0.526

Age group p-value

18–25 (n=14) 26–35 (n=23) ≥ 36 (n=11)

Bi-condylar distance 12.95±0.84 12.94±0.62 13.01±0.67 0.398

Measured rest vertical dimension 6.39±0.70 6.27±0.59 6.55±0.62 0.482

Measured occlusal-vertical dimension 6.04±0.62 5.96±0.52 6.21±0.55 0.485

Freeway space 3.43±1.01 3.13±0.87 3.45±0.82 0.499

*Significant at p-value ≤ 0.05
MN±SD = Mean± Standard deviation

Table 3: Mean comparison of freeway space of this study with other studies

This study 
(n=48) Dosunmu & Ikusika 

(n=310)

Olusile, 
Ogunbodede and 

Oginni

Hanan 
Abdul 

(n=88)
Johnson 
A (n=72)

p-value

Freeway space 3.29 2.93 3.3 3.63 3.3 0.00

Note: Turkey post hoc analysis showed a difference between this study and Hanan Abdul while no difference was deduced compared 
to Johnson, Olusile et al, and Dosunmu and Ikusika

Table 4: Spearman correlation of freeway space with rest 
vertical dimension, occlusal vertical dimension and bi-condylar 
distance

Freeway space

Age 0.042

Bi-condylar distance 0.676

Measured  rest vertical dimension 0.831

Measured  occlusal vertical dimension 0.777

Table 5: Spearman’s  correlation of bi-condylar distance with rest 
vertical dimension, occlusal vertical dimension and  freeway space

Bi-condylar 
distance

Age 0.174

Measured  rest vertical dimension 0.902

Measured  occlusal vertical dimension 0.911

Freeway space 0.676

*Strong positive correlation was noticed between bi-condylar 
distance and rest vertical dimension, freeway space and occlusal 
vertical dimension. However, weak positive correlation was 
deduced between bi-condylar distance and age.

Figure 1: Bar chart showing the frequency distribution of 
freeway space values (mm).
Mean = 3.2917
std. Dev. = 89819
N = 48
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of such landmarks (width of the mouth, inter-alar width, 
bi-zygomatic width, and inter-pupillary distance) in 
the determination of OVD and RVD. However, these 
landmarks should be used as combined methods rather 
than being used individually so as to reduce errors arising 
from racial and gender differences [9].

This present study showed an average freeway space 
of 3.29 mm. This was found to be similar to some studies 
[12, 13, 14] but there was a statistical significant difference 
(p-value = 0.00) between this study and that among the 
Arabs [11], which was 3.63 mm using Turkey post hoc 
analysis. The difference between this study and latter 
[11] might be due to racial difference since our study, 
and those of African studies [12, 13, 14] were carried out 
among Negroes while the rest took place among Arabs 
[11]. The mean value of FWS obtained in this present 
study also falls within the ranges that were reported by 
other researchers [4, 16, 17, 18].

In this study, the average values of freeway space 
(FWS) for the three classified groups (18–25 years, 
26–35 years and 36 years and above) were 3.43±1.01 
mm, 3.13±0.87 mm and 3.45±0.82 mm respectively. 
However, it was found that the mean values of FWS for 
the age groups 18–25 years and 36 years and above were 
similar (Table 2) while the average value of FWS for the 
age group 26–35 years was slightly smaller than the other 
two groups.  Nonetheless, the mean difference was not 
statistically significant (p-value = 0.499). The slightly 
smaller mean value of FWS for age group 26–35 years 
could be attributed to larger number of subjects (23) in 
that age group compared to the other two age groups (18–
25 years had 14 participants and 36 years and above had 
11 participants). The statistically insignificant difference 
in the average values of FWS based on age groups suggests 
that age might not have any significant effect on FWS.

Comparison of mean values of bicondylar distance 
based on age groups revealed average values of 12.95+0.62 
cm, 12.94±0.62 cm and 13.01+0.67 cm for groups of 18–25 
years, 26–35 years and 36 years and above respectively.  
It was found that no statistical significant difference 
existed among the three groups (p-value=0.398). The 
statistically insignificant difference in the average values 
of bi-condylar distance among the three age groups could 
be attributed to early establishment or attainment of the 
major proportion of the size of the intercondylar distances 

during pubertal period of the growth of mandible. Post-
pubertal increase in the size of the mandible is minimal. 
Therefore, it has no significant effect on the size of the 
intercondylar distances among the different age groups 
of the study population [19–22].

This study also showed sexual dimorphism with 
respect to intercondylar distance as it had been observed 
by several previous studies [6, 7, 8]. In this study, the 
mean values for male and female were 13.25+0.70 cm 
and 12.78+0.56 cm respectively while the combined 
average value of bi-condylar distance for both sexes 
was 13.01+0.67 cm.  These average values of surface bi-
condylar distances closely correlate with the average values 
of arbitrary surface intercondylar distances obtained in 
their respective studies [6, 7]. Two types of intercondylar 
distance (arbitrary surface intercondylar distance 
and kinematic surface intercondylar distance) were 
determined for the study population [7]. The kinematic 
intercondylar distances and arbitrary intercondylar 
distances were obtained using Kinematic face bow and 
arbitrary face bow, for measuring intercondylar distance, 
respectively. 

However, the mean values of bicondylar distances 
obtained in our study could not be directly compared 
with that of a particular study with a significantly 
different methodology. In terms of definition of reference 
points for measurement of intercondylar distance, the 
reference points for measurement in our study were 
surface landmarks that were marked on the skin surfaces 
of the condylar heads just in front of the two tragi while 
in the other study [8], the intercondylar distances were 
determined on posterior-anterior radiographs using 
lateral poles of the two condyles as the reference points 
for measuring the intercondylar distances.  Therefore, in 
order to have a scientifically sound comparison between 
our study and this particular study [8], the 2.5 cm that 
represents the combined skin thickness dimensions 
over the two condyles must be deducted from our study. 
Consequently, the mean values of bicondylar distances for 
male and female, in our study, would be 10.75 cm (107.5 
mm) and 10.28 cm (102.8 mm) respectively while the 
combined mean value for both sexes would be 10.51 cm 
(105.1 mm).  Therefore, the average values of bi-condylar 
distances, 13.02 cm (130.2 mm) for male, 12.35 cm (123.5 
mm) for female and 12.6 cm (126 mm) for both sexes, 

Table 6: Comparison of mean values of RVD and OVD in this study with other studies

MN ± SD Range Mean 
difference

95% confidence 
interval

p-value

Minimum Maximum Lower Upper

Rest vertical dimension
This study 
Olusile et al

6.37±0.63
7.3±0.84

5.5
5.0

7.8
9.4

–0.93 –1.11 –0.75 0.000*

Occlusal vertical dimension
This study
Olusile et al

6.04±0.56
6.9±0.82

5.2
4.7

7.3
9.2

-0.94 –1.10 –0.78 0.000*

Note: Statistically significant difference in occlusal and rest vertical dimensions was observed in this study compared to Olusile et al.
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obtained [8] in their study were significantly greater than 
average values of bicondylar distances obtained in our 
study.  

Bi-condylar distance (inter-condylar distance), a fairly 
static parameter throughout life, has been correlated and 
found to have a strong positive association with maxillary 
and mandibular inter-canine distance thereby aiding in 
the selection of maxillary and mandibular anterior six 
teeth in complete dentures [9, 10, 23]. From our study, 
we also found out that we could calculate freeway space 
from OVD, RVD and bi-condylar distance values using 
simple regression equations based on the correlation 
coefficient (R2) values. This mathematical model has 
a high predictive ability to calculate the freeway space 
using measured occlusal vertical dimension, rest vertical 
dimension and bi-condylar distance as shown below:

In this study, bi-condylar distance was also correlated 
with rest vertical dimension, occlusal vertical dimension 
and freeway spaceusing Spearman’s correlation analysis; 
and it was found that intercondylar distance exhibited 
strong positive relationships with rest vertical dimension 
(R2 =0.902), occlusal vertical dimension (R2 =0.911) and 
freeway space (R2 = 0.676). Thus, the value of bi-condylar 
distance can be calculated from known or measured OVD, 
RVD and FWS using the formulated simple regression 
equations as given previously.

These regression equations are simple; and they 
constitute the quickest way of calculating OVD, RVD, FWS 
and bi-condylar distance. However, this mathematical 
model should be used in combination with other known 
techniques.

CONCLUSION

This study showed moderate correlation between bi-
condylar distance on one hand and OVD, RVD and FWS 
on the other hand. Regression equations were deduced 
for a quick calculation of freeway space, OVD, RVD and 
bi-condylar distance. The mean and range of freeway 
space values obtained in this study were also consistent 
with previous local and international studies. Further 
studies should be carried out to verify the authenticity of 
the simple regression equations obtained in this study.
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