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Abstract

Statement of Problem: Many methods are reported in literature to determine freeway space (FWS), but
they yield dissimilar measurements.

Purpose: Recording FWS of patients during prosthetic rehabilitation is one of the important steps in dentistry.
The purpose of this study is to evaluate the ability to predict FWS using lateral profile photographs (LPPs)
in edentulous participants.

Materials and Methods: Fifty-three participants in the age range of 20-27 years who met the inclusion
criteria were recruited. LPP were taken for all participants using standard protocol and duplicate copy
obtained; on which three soft tissue reference points, porion (Stp), gnathion (Stgn), and gonion (Stg) (Stg
prenoted on the face) were marked and joined to form an angle Stp-Stg-Stgn. This angle was correlated
with the mean FWS obtained using 3 methods, swallowing, phonetics, and no command. Simple linear
regression model was used to develop a prediction formula for FWS using Stp-Stg-Stgn angle as the
independent variable.

Results: The angle Stp-Stg-Stgn had a significant negative correlation with FWS (r = —0.76,
P < 0.001). Using simple linear regression analysis, the following formula was obtained: FWS
(in millimeters) = 11.405 — 0.072 X (Stp-Stg-Stgn angle in degrees).

Conclusion: Within the limitations of this study, considering the usage of LPP as a method to determine
the FWS can be recommended.
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INTRODUCTION with the maxﬂlary and mandibular teeth separated. It is the

Rest position, also called as interocclusal rest position or freeway
space (FWS), has been defined as the neutral position attained
by the mandible as it is involuntarily suspended by the reciprocal
coordination of the elevator and depressor masticatory muscles

primary prerequisite for comfort and optimum function
of partial or complete dentures, as it is expressed as a gap
that occurs in the vertical dimension separating the position

which the mandible assumes in space when it is at rest, and
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its spatial position when the teeth are brought into contact.!
Encroaching upon the normal space leads to constant undue
stimulus to the stretch reflex of the masticatory muscles which
promotes excessive muscle contractions and in turn affects
teeth, periodontium, supporting tissues, masticatory muscles,
and temporomandibular joint. This finally results in the
establishment of proper FWS at the expense of the alveolar
bone. On the other hand, providing too much space leads to
the serious disadvantage of masticatory muscles.!’ Hence,
when designing dentures, the previously occurring precise level
should be redefined and in the case of inexistence of records,
the reintroduction of contact is totally subjected to empirical
principles.

Though FWS seems easily accessible, it is one of the
controversial topics in prosthetic dentistry. It is the
basic introductory step in jaw relations on which further
complicated ones, like vertical dimension and centric
relation, are contingent upon.'? Hence, the knowledge about
the precise level at which this lost dimension previously
occurred is very important as the correct horizontal
relation depended on the correct vertical relations, and any
alteration in these dimensions can affect the stomatognathic
system.*/ Numerous researches have tried to develop an exact
technique, either mechanically or physiologically or using
a combination of both, so as to determine proper vertical
dimension and FWS, but with controversial interpretations.
91 This indicates constant reevaluation, revision of the
concept, need for further research to explore the ways that
can help in easy and precise determination of FWS as
any denture designed should coincide with the functional
equilibrium.

The amount of FWS in any individual is mainly an expression
of muscle function, its equilibrium and gravity."*'"! When
the tension created by the muscles of mastication that
elevate the mandible above is in equilibrium with the tension
of the musculature that depress the mandible from below
and gravity, then the mandible will be theoretically at rest.
However, it is also reported that the FWS is not coinciding
with the minimal muscle activity."/ Thus, with the exclusion
of muscular activity as a means of determining the extent
of FWS, the only alternative is the identification of another
anatomical feature, the nature of which will also be subject to
modification by the effect of the muscle force and unaffected
by the changes caused due to loss of teeth. As proposed by
the Wolft’s law, the muscular functional forces not only
influence the FWS but also are responsible for shaping of
the internal bone."* Based on this concept, the correlation
between FWS and structure of the lower facial skeleton
has been studied. One study done on the relationship with

the form of the lower face found a negative correlation
of FWS with the anterior lower facial height and positive
with the posterior lower facial height;!"*! whereas another
cephalometric study done on the relationship with the gonial
angle found a statistically significant negative correlation.!"’
Thus, the only anatomical feature proved to correlate with
FWS and confirm to all the requirements is the gonial angle
of the mandible.l'! As the soft tissue profile of an individual
depends on the bony structure, this study was planned to
evaluate the correlation of the FWS and corresponding soft
tissue gonial angle formed on the lateral profile of edentulous

individuals in photographs.
MATERIALS AND METHODS

Ethical clearance for the study was obtained from the Institutional
Ethical Committee. The participants within the age range of
20-27 years with a full complement of teeth, well-balanced
face, Class I skeletal, molar and canine relationship, no acute
or previous temporomandibular disorder, and those who were
Willing to participate were selected. Individuals with previous
orthodontic treatment, those with facial asymmetries, caries,
history of extractions, temporomandibular joint problems, or
having occlusal prematurities were excluded. Out of the screened
400 potential participants, 53 met the criteria and written

consent was obtained from them, before inclusion in the study.

Lateral profile photography

The lateral profiles were taken following the standards of
extraoral photography using Nikon D3300 SLR camera.'®!
The participants were instructed to stand straight with their
head in natural position achieved by asking them to look into
the mirror hung on the wall at their eye level. After conﬁrming
that the line drawn from the outer canthus of the eye and upper
edge of the ear was parallel to the floor, photographs were taken
from a distance of S feet [Figure 1.

Soft tissue reference points

The following points were considered in this study:

*  Point corresponding to porion (Stp): The most superiorly
positioned point on the external opening of the auditory
meatus

*  Skin gnathion (Stgn): The point where the anterior curve
in the outline of the chin merges into the body of the
mandible

*  Gonion (Stg): A point on the curvature of the angle of the
mandible formed by the ascending ramus and the inferior

border of the mandible.

Procedure
The participant was positioned in a chair comfortably, and

a line connecting the outer canthus of the eye and superior
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edge of the ear was drawn. The point gonion was palpated by
the left thumb and without leaving the ﬁnger from the face a
perpendicular line was drawn using a set square from the line
drawn on the face half way to the tip of the thumb and was
extended to the lower border of the mandible after leaving the
ﬁnger [Figure 2a-c]. Now, the participant was instructed to
stand for the photograph after which duplicate was obtained
by cropping it to the dimension 8 inches X 10 inches. All
the soft tissue reference points were marked on the duplicate
photograph and joined to form an angle (Stp-Stg-Stgn) which

was measured [Figure 3].

Reproducibility of the Stp-Stg-Stgn on the face

To test the reproducibility of this angle on the face,
15 participants were randomly selected among 53 subjects
enrolled in present investigation and lateral cephalograms were
obtained after placing lead markers on soft tissue corresponding
to porion, gonion, and gnathion areas [Figure 4]. By tracing
these points on acetate paper, the angle formed between them

was calculated.

Figure 1: Participant standing straight by looking into mirror hung on
wall at eye level

\ \

Figure 3: Lateral profile photograph of participant

Freeway space determination

Three methods, swaﬂowing, phonetics, and no commands, were
employed to determine the rest position of the mandible. The
mean value of the above-mentioned methods was calculated
and considered as the FWS of that particular person.

Reliability of photographs and freeway space
determination

To test the reliability of the obtained data, the lateral profile
analysis, and FWS determination was repeated, for S randomly
selected participants, by the same investigator (DV), and by
another investigator (KK)

Statistical analysis

All statistical analyses were performed using SPSS 17.0 software
(version 17.0, SPSS, Chicago, IL, USA). Cohen’s kappa was
employed to measure the reliability of lateral profile analysis
and FWS (both intra-rater and inter-rater). The normality of
the data was tested using Shapiro—Wilk test and all the data
were found to be normally distributed. The reproducibﬂity
of the angle Stp-Stg-Stgn on the face was tested using
Pearson correlation test. The correlation between the angle,
Stp-Stg-Stgn, and FWS was also determined using Pearson
correlation test and for predicting the FWS from the considered

angle, simple linear regression analysis was carried out. Again,

Figure 2: (a-c) Marking point gonion on face of participant

Figure 4: Scanned carbon copy of lateral photograph with marked
Stp-Stgn-Stg angle
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the predicted FWS values and actual measured values were

correlated using Pearson correlation test.

Sample size determination

Based on the ﬁndings of our pilot study on 18 participants,
with the level of significance set at 0.0, power of 80%, a
minimal sample size of 50 was determined.

RESULTS

The mean age of the 53 participants (20 male and 33 female)
was 22.4 (age range of 20-27 years). The mean Stp-Stg-Stgn
angle was found to be 129.13 * 6.74 (minimum: 114;
maximum: 147). The mean T standard deviation (SD) of FWS
obtained through swallowing, phonetics, and no command
methods were 1.87 * 0.58, 2.3 £ 0.59, and 2.1 £ 0.70,
respectively, (phonetics > no commands > swallowing). The
range of the FWS obtained through the above-mentioned
three methods was found to be between 1.24 and
3.67 mm (mean T SD: 2.09 * 0.64).

The intra-rater and inter-rater reliability of the lateral
profile analysis were found to be 0.99 and 0.95, respectively
(angle variation of 2-3°), whereas those for FWS were 0.92
and 0.89, respectively. The correlation between Stp-Stg-Stgn
marked on the face and on the radiograph was found to be
r=0.906, P<0.001*; thus the determination coefficient was
r* = 82% [Figure 5]. Thus, a strong positive correlation was
observed between the two. The correlation between Stp-Stg-Stgn
and FWS was found to be r = —0.76, P < 0.001**; thus the
determination coefficient was r* = 57.8% [Figure 6]. A strong
negative correlation which was statisticaﬂy signiﬁcant was
found between the considered angle and FWS. Hence, a linear
regression equation was determined to predict FWS with the
considered angle as a predictor. The equation determined was
calculated as, y = a + bx where “y” is the dependent variable,
i.e. FWS, “x” is the independent variable, i.e. Stp-Stg-Stgn, “a”
is the y-intercept, and “b” is the slope of regression. Calculation
resulted in the foﬂowing formula, y = 11.405 — 0.072x.
Thus, the formula determined was FWS (in millimeters) =
11.405 — 0.072 X (Stp-Stg-Stgn angle in degrees). Based on
this new equation, the predicted values of FWS were calculated
which gave a mean T SD value of 2.1T X 0.48. The difference
between the predicted and actual were again correlated which
gave a strong positive correlation coefficient of 0.847 [Figure 7].

DISCUSSION

The gonial angle was believed to correlate with the function
and shape of the muscles of mastication, mainly masseter and
medial pterygoid; these muscles insert into the region of the
gonial angle and influence the shape of the mandibular base. As
the contractile force of these muscles increase, the angle will be
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Figure 5: Correlation of Stp-Stgn-Stg angle in photograph and
cephalogram
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Figure 7: Correlation between freeway space — observed and predicted
values

more acute and lesser the force the more obtuse it will be. Thus,
studies had proved that strong muscle activity correlate with the
small anterofacial height and small gonial angle‘[“"w} The FWS
and gonial angle were inversely related to each other as proved
in a cephalometric study.!! The radiographic gonial angle, as
noted in this study, was correlating well with the Stp-Stg-Stgn
angle in the photograph (corresponding soft tissue gonial angle);
hence, photograph instead of a cephalogram was opted as a
cost-effective alternative for the patient and dentist convenience.

FWS was described in two ways, adaptive and true
FWS.I"2I The space that exists when the patient is instructed

The Journal of Indian Prosthodontic Society | Jul-Sep 2016 | Vol 16 | Issue 3 245



[Downloaded free from http://www.j-ips.org on Wednesday, February 14, 2018, IP: 183.82.145.117]

Vinnakota, et al.: Freeway space determination using lateral profile photographs

to Voluntariiy allow the jaw to relax is the adaptive space,
whereas the one that is present after the relaxation of the
masticatory musculature is the true FWS. However, the
clinical rest position was not coincident with minimal muscle
activity as proved in electromyographic and kinesiographic
studies.l"l The FWS is affected by many factors; opening
the mouth for an extended period of time, as it happens
during our clinical procedures, and chewing hard substances
can have a profound effect. The muscles that control the
mandible can also become tense when any type of mechanical
recording device is placed in the mouth or on the head.*”’
Thus, cephalometry was proposed to be an effective method,
as it uses specific and predetermined point of bone references
to obtain exact measurements.!) However, they have certain
drawbacks such as picture deformations, superposition of
structures, the inaccuracy of cephaiometric tracing, and also
radiation exposure. This highlights the necessity to explore
for some easier ways that heip to record the relations without
any inconvenience for the patient, as done in this study with
profile photographs avoiding the above-mentioned problems.
By following the exact protocol, standard appearance can
be retained with simple reproduction of a photograph in
the same manner at different time intervals..'>) Even minor
variations in photography have minimal effect on the points
and angles in a photograph as observed in the reliability values
of this study. The variation in the angle was in the range of
2-3°, which had a negligible effect on the prediction of FWS.
The chubbiness in the cheek area was also not a problem in
our study; the point gonion could be easily palpated without
any difﬁculty.

A very strong negative correlation was observed between FWS
and the considered angle on the soft tissue profile, which
encourages the usage of this method for the determination of
the FWS. Though there was a good correlation between the
predicted and measured values; on employing the formula for
Stp-Stg-Stgn angles >140°, a small value for FWS will be
calculated (in this study, the highest angle reported was 147°,
for which the FWS calculated was 1.24 mm). This can be
attributed to the coefficient of determination which cautions
the possibility of inaccuracies in certain cases. Hence, for angle
calculations >140°, either more conventional methods to
calculate FWS are recommended additionally, or the minimal

FWS of 1.5 mm can be considered.

The concept of using Stp-Stg-Stgn angle for the determination
of FWS can be generaiized to all the population, but the
proposed formula in this study cannot separate formulae for
people in other geographic regions are recommended. The
current study popuiation was limited to angles Class | subjects,
and, therefore, it remains indeterminate as to whether or not
this method of calculation can be extrapoiated to other skeletal

classifications. Further ivestigation would need to be done to
substantiate that FWS calculated with the proposed method
in the present investigation could demonstrate that it is no
different as regards outcome for other angle’s classifications as

observed in some studies.['2!]

CONCLUSION

Within the limitations of this study, Stp-Stg-Stgn angle was
correlating well with the FWS and hence this new method can
be recommended along with other standard ones. Additional
studies are also required in this area on edentulous patients.
Further studies on photographs as a means of determining the

lost facial dimensions can be advocated.
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