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1.  Introduction

It is widely acknowledged that in order for a removable
partial denture (RPD) framework to achieve maximum
function, create pleasing aesthetics and remain biocom-
patible, accuracy of fit must be optimized (Sykora, 1997;
Brudvik, et al. 1992 and Stern, et al. 1985). RPD frame-
works are fabricated from high-shrinkage metal alloy,
leading to difficulties in achieving accurate fitting (Fritell,
et al. 1985).  In order to determine how to hone fabrica-
tion processes so that accuracy can be maximised, a care-
ful examination of the size of gaps between frameworks
and casts and where these occur is necessary.  Several
researchers have studied such spaces in a research context
(Sykora, 1997).  For example, elastomeric impression
material has been allowed to set in gaps and the thickness
of  the m aterial   measured (Stern, et al. 1985).  Again, the 
framework  and  cast have been encased in resin then sec-
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tioned to reveal gaps between the framework and cast,
accurately maintained by the resin (Fritell, et al. 1985).
Both the latter studies used photographs of sections taken
across spaces, which were enlarged by projecting trans-
parencies onto screens to increase accuracy of measure-
ment.  Other researchers have shown that a framework
may appear to fit 'in vivo' but with the use of, for exam-
ple, custom made feeler gauges under retentive ends of
clasps, have shown that there are gaps not seen with the
naked eye (Murray, et al. 1988).  The present study sug-
gests that subjective judgments of fit based on the use of
the naked eye or experience may be flawed (Calverley, et
al. 1987 and Rantanen, et al. 1986). 

The above studies, although very suggestive, are unable
to show that the fit of a framework on a cast may be in a
distorted state (Ali, et al. 1997). Whilst acknowledging
that a framework may be distorted when fitted to a cast or
indeed for that matter the oral cavity, objectively assessing
and measuring spaces between a framework and a cast is
an important first step in quality assurance. 
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This paper reports on a method of objectively assess-
ing framework fit, which is comparatively fast and effi-
cient and promises to allow accurate measurements of
spaces to be made outside the research context on a rou-
tine basis.

2.  Methods for Gaps Measurements

There are three main methods for measuring small
gaps.  These are X-rays, Ultrasonic and capacitive trans-
ducers.  The theory of operation of each of these methods
is presented below.

2.1  X-Ray
When a material is subjected to x-ray bombardment,

some of its electrons will gain energy and leave the atom,
creating a void in the vacated shell, thereby releasing a
photon of x-ray energy known as x-ray fluorescence. 

The energy level or wavelength of fluorescent x-rays is
proportional to the atomic number  and is characteristic
for a particular material. The quantity of energy released
will be dependent upon the thickness of the material being
measured. 

Basically, the x-ray fluorescence unit consists of an x-
ray tube and a proportional counter. Emitted photons ion-
ize the gas in the counter tube proportional to their ener-
gy, permitting spectrum analysis for determination of the
material and thickness. 

X-ray fluorescence is the most precise measurement
method, especially for small-diameter parts, or dual coat-
ings such as gold and nickel over copper.

2.2  Ultrasonic 
Ultrasonic thickness gauging is a widely used non-

destructive test technique for measuring the thickness of a
material from one side. 

The ultrasonic method uses the pulse reflection prin-
ciple and is based on the amount of time it takes for ultra-
sonic waves to pass through and return from inside the
object. This is explained below with reference to  Fig. 1.

The measurement process starts by transmitting a
pulsed ultrasound energy from the ultrasonic probe
through the framework. The ultrasonic pulse will travel
through the framework medium until it reaches the inter-
face between the framework and the cast. Because of the
difference in the medium, part of the ultrasonic energy
will be reflected back to the probe (first reflection) and the
majority of the energy will continue travelling through the
gap. When the wave reached the end of the gap and hits
the cast, another reflection occurs (second reflection).
The time between the two reflections depends on the
depth of the gap and the sound speed in the medium of the
gap. 

Gap Depth = (t2 - t1) * Speed of Sound in the gap

The resolution of the above ultrasonic method depends
on the pulse width (the narrower the pulse, the higher the
resolution). Another constraints is the Quality Factor of
the ultrasonic probe (minimum number of cycles in the
pulse). Typical ultrasonic transducers have a Q-Factor of
10.  That means we need to have a minimum of 10 cycles
per pulse. To achieve a resolution of 0.1 mm, a very nar-
row pulse is needed with 10 cycles in it. This means a very
high frequency ultrasonic wave is needed (around
100MHz).  The probes that are capable of working at this
frequency are usually expensive and very delicate.  

A disadvantage of radiation methods is the use of X-
ray or gamma radiation that requires special safety meas-
ures for protection of the users against the radiation. The
equipments used are also relatively expensive.

There were two main limitations for the use of ultra-
sonic non-destructive testing in this study. These limita-
tions can be summarized as:

1. To achieve a resolution of 0.1 mm with an ultrasound
probe it should have a high frequency. This high fre-
quency depends on the speed of the sound traveling in
the material (in this case the Cobalt Chromium RPD
framework). The resolution is related to the shortened
pulse length that can be produced, which is very diffi-
cult to achieve. A demonstration held in the Dental
Technology Centre at UWIC was promising but
proved very expensive.  The technique was excluded
due to the high expense of instrumentation needed.

2. An X-ray technique can be used to measure a gap
between an RPD framework and a cast. However,
about 4 images are needed for each framework and
these need to be digitalized before the measurement
can be taken. This technique is time consuming.
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Figure 1.  Ultrasonic method for measuring the gap
between the cast and framework
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Because of the above-mentioned difficulties and disad-
vantages, an alternative method was sought.  Initially it
was proposed that the electronic principle of capacitance
might be applicable to the problem in hand.

2.3  Capacitive Transducers
A capacitor in its simplest form consists of two con-

ducting plates separated by an insulating layer called a
dielectric. When a capacitor is connected in a circuit
across a voltage source, the voltage forces  electrons onto
the surface of one plate and pulls electrons off the surface
of the other plate resulting in a potential difference
between the plates. 

The capacitance of a capacitor is proportional to the
quantity of charge that can be stored in it for each volt dif-
ference in potential between its plates. Mathematically
this relationship is written as: 

C = Q/V (1)

where C is capacitance in farads, Q is the quantity of
stored electrical charge in coulombs and V is the differ-
ence in potential in volts.

The difference in potential or voltage of the capacitor
can be calculated using the formula:

V = Q/C (2)

The capacitance  of  a  capacitor is affected by three
factors:

1.  The area of the plates. 
2.  The distance between the plates. 
3. The dielectric constant of the material between the   

plates.

Larger plates provide greater capacity to store electric
charge. Therefore, as the area of the plates increases,
capacitance increases.

Capacitance is directly proportional to the electrostat-
ic force field between the plates. This field is stronger
when the plates are closer together. Therefore, as the dis-
tance between the plates decreases, capacitance increases.
As the distance between the plates increases, capacitance
decreases.

The ability of the dielectric to support electrostatic
forces is directly proportional to the dielectric constant.
Therefore, as the dielectric constant increases, capacitance
increases.

Taking into account each of the above three factors, the
capacitance of a capacitor with two parallel plates can be
calculated using the formula:

C = (8.855 × 10-12 KA)/d (3)

Where K is the dielectric constant;
A is the area of the plate;
d is the distance between the plates and
8.855 × 10-12  is the absolute permittivity of 
free air space. 

Substituting the value of C described by Eq. 3 in Eq. 2
will result in:

V= d × (Q / K × A × 8.855 × 10-1 ) (4)

Equation 4 shows that if Q, K and A are kept constant,
then the value of the voltage across the two plates are
directly and linearly related to the distance between the
two plates.  

The above principle was used to develop a method of
measuring the fit of RPD frameworks to dental casts. The
denture is usually made from conductive material and
forms one end of a capacitor. The other plate of the capac-
itor is formed by sticking a small sensor (0.01mm thick)
made from conductive foil on the cast.  By connecting the
ends of these two plates to a high-precision current source
and measuring the voltage across the two terminals, since
the voltage will be directly related to the gap between the
denture and the cast, the distance between the RPD frame-
work and the cast can be determined.

3.  Experimental Set-up and Measurements

Figure 2 show the experimental set-up used in this proj-
ect. It is based on a high precision current source devel-
oped by Sensatech Research Ltd (Sensatech Research Ltd,
Unit 6 Level 3 North, New England House, New England
Street Brighton, UK. BN1 4GH, www.sensatech.com).
This device is used to maintain constant current (constant
Q) in the capacitor, irrespective of its value. The device is
powered by 20V DC power supply and the voltage across
the capacitor is measured by a digital voltmeter. The volt-
age should be directly related to the gap between the
capacitor's plates. 

It was necessary to calibrate the system and find the
voltages for different known gaps and for different sensor
sizes. To do this, a simple setup was built using a microm-
eter where one plate of the capacitor was mounted on the
fixed end of the micrometer while the other plate (the sen-
sor) was fixed on the moving end as shown in Fig. 3.

The gap between the two plates was varied in 0.1mm
steps using the micrometer dial and for each gap value the
voltage was measured.  The results were tabulated in a
look-up table and plotted in Fig. 4.

The decision was taken to use one sensor size (5x5mm)
to carry out the evaluation process. This decision was
taken because it has the best straight line and all the RPD
components were almost the same size (rest, guide plates,
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Figure 2.  Basic experimental set-up
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terminus third of clasp retentive arms, and the reciprocal
clasp arms).

Sensors were adapted to a cast in critical areas and a
framework fitted to the cast.  Areas of interest were, for
example, under occlusal rests, retentive ends of clasps and
guide planes (Fig. 5).  

The  sensors  were  connected  to a circuit shown in
Fig. 6.  Capacitance readings were taken at each sensor

and the size of any gaps determined by using the above
graphs.  

The size of gaps measured by capacitance were then
verified using radiography (Fig. 6) and by measuring the
thickness of acrylic resin usually used for crown and
bridge modelling (Palavit®G, Heraeus Kulzer GmbH,
Philipp-Reis-StraBe, Germany)  material which was
allowed to flow into gaps. This technique has been used
before to evaluate the accuracy of fitting of RPD frame-
work (Figs. 7a and 7b). The Palavit G resin were placed
on the area of concern of the gypsum cast, the framework
were then placed to full seating applying sufficient figure
pressure allowing the resin to polymerise. The thickness
of the resin layer was then measured using digital microm-
eter calibre. The average of three for each component was
then recorded in Table 1.  All three methods of measure-
ment yielded results that coincided to a large degree in
Table 1. Thus confirmation of the accuracy of the elec-
tronic method of measurement described above was pro-
vided.
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4.  Results

The graph represents the measurements of known gaps.
It is shown that the voltage increases as the gap size
increases.  Area, as well as gap size, affects the capaci-
tance measurement.  Thus each line refers to a given area.  

The results were verified firstly using X-Rays.  A radi-
ograph of gaps between the model and the alloy frame-
work were measured.  Secondly a resin (Palavit G) was
flowed into gaps, allowed to set and the thickness (corre-
sponding to the gap size) measured

Table 1 shows measurement of gaps using X-Ray,
Palavit G, and capacitance measurements. This was
achieved by placing the x-ray on a light table, and using
the Graticule Magnifier (Lensel Optics Pvt Ltd. 66/2, D2,
MIDC, Chinchwad, Pune 411 019, India) with Scale range
0.1mm-22mm, touching the x-ray image the gap between
the metal framework and the cast was measured. Three
readings were recorded for each component and the aver-
age is shown in Table 1.

5.  Discussions

Many clasps engage only a 0.25 mm undercut.  If the
terminus of an active clasp presents a gap between itself
and the cast of only 0.1 mm, for example, the retentive
function of that clasp will be greatly reduced.  Similarly,

occlusal supports functioning as indirect retainers would
not need to move a great distance towards the surface of
the underlying tissue to cause lifting of the prosthesis.

The objective measurement of such spaces is an impor-
tant first step in assessing the function of an RPD.  The
method described above offers this facility conveniently.
Although there is a thickness of sensor and adhesive used
in the method described above, this is only 0.16% of a
0.25 mm gap, for example.   Further, if the sensor is adapt-
ed along the whole length of a clasp, it is likely that the
clasp will be distorted so as to maintain a similar gap at
the active end which would be evident without the sensor.
The same is true of occlusal rests if the foil is adapted over
the whole rest seat.

The electronic device described above offers a method
of simply, accurately and objectively assessing the fit of a
framework to a cast in crucial areas, which is readily
available and not limited to a research setting.  Not only
can spaces under important areas of the framework be
detected but they can be accurately measured.  With the
use of the device described, frameworks thought to be sat-
isfactory based on subjective assessment may well be
deemed to be unsatisfactory, and vice versa 
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