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Inter- and intra-operator reliability of the
recording of occlusal contacts using ‘occlusal
sketch’ acetate technique
S. J.Davies,1 R. J. M. Gray,2 M. Z. Al-Ani,3 P. Sloan4 and H. Worthington5

Objectives To develop a simple way of recording occlusal contacts
with proven inter- and intra-operator reliability. 
Setting Clinical skills laboratory in the University Dental Hospital of
Manchester.
Materials and methods The marked static occlusal contacts of 20 sets
of models were recorded in a pseudo-clinical situation, by three
dentists and in addition by one dentist on two occasions using a
schematic representation of the dental arch — the ‘occlusal sketch’.
Results The median of Kappa agreement for inter- and intra-operator
reliability was almost perfect.
Conclusions The occlusal sketch is a simple, inexpensive and easy way of
recording the results of an occlusal examination using marking papers.

A simple and reliable means of recording the results of an
occlusal examination is important not only in relation to clini-
cal dentistry but is also a consideration in dental research.1-4

Unless an occlusal record is accurate any change in occlusion
cannot be evaluated.5

There is confusion surrounding the use of the terms ‘exami-
nation’, ‘record’ and ‘registration’. For the purposes of this
paper the following definitions will be used: 
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All bite registration materials have drawbacks.6 Even if a
registration is accurate there remains the problem of storage
and easy retrieval. Alternative means of recording occlusions
include photosensitive films and pressure sensitive wafers.7

Examination of occlusal contacts is often made using mark-
ing papers and ribbons, but this does not constitute a record
that can be stored for future reference. Some method is required
to transfer the results of this examination to a permanent
record and a review of the literature indicates the variety of
techniques that have been employed (Table 1 ).

THE AIMS OF THE STUDY
The principal aim of this study was to test whether an acetate
sheet ‘occlusal sketch’ could be used as an accurate and repro-
ducible means of recording occlusal contacts, previously
marked by articulating paper.

The trial was divided into two tests:

1. Inter-operator reliability:
Do different operators place marks onto a schematic represen-

tation of teeth, ‘the occlusal sketch’, in the same places when
viewing occlusal marks? 

2. Intra-operator reliability:
Does the same operator similarly place the same marks on the

sketch when viewing an unchanged occlusal scheme at dif-
ferent times? 

MATERIALS AND METHODS
The occlusal sketch (Fig. 1) is an acetate sheet on which is
drawn a schematic representation of the teeth (the occlusal sur-
faces of the posterior teeth, the palatal surfaces of the upper
anterior teeth and the labial surfaces of the lower anterior
teeth). It is configured so that the lower arch is viewed as if
from above by direct vision and the upper arch is a mirror
image. This is the same view as experienced in a clinical exami-
nation of a supine patient.

The ‘occlusal sketch' is made from transparent acetate rather
than paper because the technique has been used, for a number of
years, by one of the authors in  restorative dentistry as a clinical
procedure to facilitate the transmission of occlusal information
between dentist and dental technician. In this application it is
important that the sketch can be viewed from both sides.19

● ‘Occlusal sketch’ is a simple and inexpensive technique for recording oclusal contacts. 
● The ‘occlusal sketch’ shows a high degree of inter- and intra-operator reliability.
● This technique could be useful for researchers who wish to quantify occlusal changes

during different treatment modalities.
● ‘Occlusal sketch’ can be used, by practising dentists, as a permanent record of the

patient’s occlusion.

I N  B R I E F

Occlusal examination: An investigation of the occlusal contacts
by inspection.

Occlusal record: Preservation of the results of an occlusal exami-
nation; this may be two dimensional (eg written record, photo-
graph, computer representation drawing or sketch).

Occlusal registration: A physical record which by determining the
jaw relationships (existing or desired) allows for the transfer of
upper and lower models to an articulator in that jaw relationship. 
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Inter-operator reliability
Twenty sets of upper and lower plaster models were mounted in
centric occlusion in a Denar articulator after facebow record.
These models were mounted in centric occlusion. The contacts
of the static occlusion were marked using thin articulating
paper (Bausch occlusion paper 40 µ, blue) because thicker paper
would lead to inaccuracy. The paper was supported by a paper
holder (Fig. 2) during manipulation of the articulator.

This simulates the most common clinical technique for
examining occlusion and as an examination technique has
been shown to have good inter- and intra-operator reliability.20

Once the occlusal contacts had been marked, the models
were transferred to phantom heads in the clinical skills labora-
tory in order to simulate the examination of a supine patient.
These models were not further articulated in the phantom
heads and the original occlusal marks remained constant.
Three operators independently examined these 20 occlusal
schemes. As in a supine patient in a dental chair, the lower
model was examined by direct vision and the upper by mirror.
The schematic arches on the occlusal sketch were arranged in
such a manner as to facilitate the record of the occlusal con-
tacts from this perspective.

For the purpose of this trial the acetate sketch sheets were
overlaid by a 1 mm2 grid. This enabled comparison between
operators by comparing the X and Y co-ordinate for each
occlusal contact on the sheet (Fig. 3).

Intra-operator reliability
One of the operators re-examined the same 20 sets of models on
a further occasion at an interval of 3 months. The ‘occlusal
sketches’ obtained at this examination were re-analysed in the
same manner as previously. 

Table 1 Characteristics of published methods of occlusal examination and records
Published studies Occlusal examination Occlusal record Test of reliability of occlusal record Comments

Ziebert and Donegan (1979)8 Silicone interocclusal Painting discrete markings • Inter-operator reliability was achieved It is not clear how the

registration through the perforations of by repeating each record until two decision that records were

registration onto the casts. identical records were obtained identical was verified.

• Intra-operator reliability was

not tested

Durbin and Sadowsky (1986)14 • Polyether rubber material Trace or photograph the Not tested for either inter- or No verification of the

Razodolsky et al. (1989)15 • Silicone putty material occlusal contacts on casts intra-operator reliability accuracy of the technique

Haydar et al. (1992)16 • Soft silicone based offered.

impression material

Ehrlich and Taicher (1981)9 Wax bite Placing each registration on Not tested for either inter- or No validation of this

the diagnostic cast to visualise intra-operator reliability technique of occlusal

and verify the exact location record was offered.

of each contact.

Millstein (1983)10 Photographs of marks Photographs Not tested for either inter- or The value of this technique

on acrylic casts intra-operator reliability is compromised by the 

difficulty the author 

reported in photographing 

some aspects of some teeth

Berry and Singh (1983, 1984)11,12 Articulating papers Simple chart Not tested for either inter- or No validation of this 

intra-operator reliability technique of occlusal

record was offered.

Gazit et al. (1986)13 Phototechnique using Graphic occlusal scheme • Inter-operator reliability was tested. The technique was not 

photoelastic wafers • Intra-operator reliability was not tested. found to be highly 

reproducible.

Mannes et al. (1987)17 T-Scan Computerised occlusal record Not tested for either inter- or intra- The sensors do not have the

operator reliability same sensitivity throughout

their surface and reports

of reliability have been

disapponiting.18

Anderson et al. (1993)20 Articulating paper and No recording technique Inter- and intra-operator reliability were Reproducibility of occlusal

shimstock tested for occlusal examination only. record was not validated.

Table 2  This table lists the accepted Kappa strength of agreement (from
Landis and Koch.21) 

Value Kappa strength of agreement

0–0.01 Poor
0.01–0.20 Slight
0.20-0.41 Fair
041–0.60 Moderate
0.60–0.80 Substantial
0.80–1.00 Almost perfect
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In the present study the median Kappa agreement readings
showed strong correlation. This means that the methodology
described permits different operators to reliably and consistently
take occlusal records. The intra-operator reliability was also very
strong with an even higher median. This means that the same

RESULTS
Inter-operator reliability
The 60 occlusal sketches generated by three examiners recording
the occlusal marks on 20 sets of models were analysed by compar-
ing the grid references of operator A versus B, B versus C, and A
versus C. The results were analysed for Kappa agreement. The
Kappa statistic reflects the degree of agreement among examiners,
corrected for chance.

The coefficients of Kappa agreement allows for assessment of
random agreement and the strength of agreement is displayed in
Table 2. Kappa values for agreement between pairs of examiners
were 0.90, 0.86, and 0.85 respectively, all indicating ‘almost per-
fect’ agreement (Table 3).

Intra-operator reliability
The range of Kappa agreement gave a median of 0.94 (almost
perfect strength of agreement). This means that a high degree of
agreement has been achieved when viewing an unchanged
occlusal scheme at different times by the same operator. 

DISCUSSION 
There is general agreement that the ability to examine and
record occlusions accurately is essential in both research pro-
tocols and in clinical dentistry. It is surprising, therefore, that
there does not appear to be any simple means of doing this
with a proven level of inter- and intra-operator reliability.
The problems raised in the introduction and the literature
review are primarily related to poor study design, poor stan-
dardisation of technique and a lack of assessment of inter-
and intra-operator reliability.

Fig. 2 Marking the
occlusal contacts
during manipulation
of the articulator.

Fig. 1  The occlusal sketch acetate sheet marked on a 1mm2 grid

Table 3  The Kappa strength of agreement of the median for each pair of
examiners

Examiners Kappa agreement ‘Median’ Kappa strength of agreement

A v B 0.90 Almost perfect

B v C 0.86 Almost perfect

A v C 0.85 Almost perfect
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operator can accurately record the same occlusion at different
intervals in time with a very high degree of reproducibility. 

This paper suggests that an ‘occlusal sketch’ is a system that is
quick, easy, inexpensive and  reliable in recording the results of an
occlusal examination using articulating paper. It is hoped that it
will have the following uses:

Clinically
A simple record of occlusion with a proven reliability could be of
value in clinical dentistry as it offers the clinician and the dental
laboratory technician a means of validating the accuracy of an
occlusal registration during a restorative procedure.

In research
If it is suspected that occlusion may be an aetiological factor in
dental disease or that certain procedures or conditions may
cause a change in occlusion then further investigation is
dependent upon an accurate means of recording the patient’s
occlusion at various times and by different operators in order
that change may be quantified.

It may appear to be a limitation of this study that it was carried
out using occlusal marks on models mounted in phantom heads 
(in vitro). However, in order to test whether occlusal sketching was
reliably accurate, it was essential that the examinations were
attempting to recording an unchanged occlusion. This is why the
pseudo-clinical examination of a phantom head was used. It is our
contention that an ‘in vitro’ application could only be tested by
stimulating a clinical situation rather than using a patient where
occlusion may vary. Dynamic occlusion was not tested because a
small static occlusal mark is a greater challenge to record than a
dynamic occlusal trace. 

CONCLUSION
Three dentists when viewing the same occlusal contacts in a
pseudo-clinical situation have made marks on a schematic rep-
resentation of teeth in almost exactly the same places. This sug-
gests that this simple means of recording an occlusion has a
high degree of interoperator reliability. Similarly, a single den-
tist when examining the same occlusal marks in a pseudo-clini-
cal situation at different times has recorded the same marks
onto a schematic representation of the dental arches. These
findings suggest a high degree of inter- and intra-operator reli-
ability. Occlusal sketching offers the clinician a simple, inex-
pensive method of reliably recording and retaining a record of
occlusal contacts.

Further research is at present being undertaken to confirm these
parameters in clinical studies which use occlusal sketching as a
means of determining whether occlusion changes during some
dental procedures and to investigate the reliability of occlusal
sketching as a means of communication between clinician and the
dental technician.
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Fig. 3  X and Y 
co-ordinate for each
occlusal contact point.
This illustration for
example represents
among the others an
occlusal contact on the
mesio-lingual cusp of
the lower right second
molar with the 
co-ordinates X 46 : Y 16


