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The in vivo perception of roughness of
restorations  
C. S. Jones,1 R. W. Billington2 and G. J. Pearson3

Objective To determine a threshold of detection value for surface
roughness of restorations by patients using their tongue.
Method Samples of composite resin were finished with differing
grades of abrasive.  The surface roughness (Ra) was measured and
representative scanning electro-micrographs taken.  These were
compared with labial enamel.  Twenty-five volunteers were asked to
rank them in order of perceived roughness using the tip of their tongue. 
Results These showed that the 60% of volunteers were able to rank the
specimens correctly, and were able to distinguish differences in
roughness values from between 0.25 and 0.50 µm.  This range
encompasses that of natural enamel.
Conclusions The subjects were able to distinguish lower roughness
values than have previously been reported.  It is concluded that when
finishing restorations the surface should have a maximum roughness
0.50 µm if it is not to be detected by the patient. 

One of the prime reasons to finish and polish restorations is for
patient comfort. By that it is assumed that the filling does not
cause irritation. If the surface of the filling is rough enough, then
the patient will detect the roughness. Restorations of metal are
easily polished to a high degree of lustre. In the twentieth century
with the introduction of direct aesthetic restorations with large
sized ceramic filler particles, problems with finishing arose. It
became difficult to finish and polish these to a high degree of
smoothness. To overcome this, manufacturers have made the par-
ticles of smaller size, but no attempt has been made to correlate
this particle size with patient perception of roughness. 

It has been reported by Van Noort,1 ‘The patient is very suscep-
tible to any surface roughness, being able to discern surface
scratches as small as 20 µm’. This figure, although it is not precise
and is not specific to surface roughness, is frequently used in
roughness studies as the lowest figure for roughness that patients
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can determine. If this were the case then the necessity for patient
comfort to finish restorations to a lower roughness value would
seem unnecessary. Although some studies have been conducted on
clinical assessment of surface roughness, these have all used rank-
ing systems.2,3

Patients detect roughness using the tip of their tongues. Bosma4

states, ‘The dorsum linguae is probably the best supplied with sen-
sory fibres in the whole body.’ Ten Cate5 states that the touch sen-
sation is most acute in the anterior part of the tongue and hard
palate. He goes on to give the comparison that the fingertips fall
between the tongue and hard palate in their sensitivity. Due to this
high degree of sensititivity it was felt that the figure of 20 µm
quoted by Van Noort could be too high. In clinical dentistry,
patients who have a new restoration placed, frequently complain
that the new restoration feels rough to the tongue. On being exam-
ined with a probe and with optical loupes it is not possible to see or
feel any difference between the restoration and the enamel. This
was another reason for re-examining Van Noorts' 20 µm figure. 

Roughness can be measured in a number of ways but the most
commonly used both in dentistry and in engineering is the Ra
value. Stout6 describes Ra as the arithmetic mean of the departure
of the profile from a mean line derived from the top and bottom of
the undulations on the trace. He also states that the problem with
the Ra value is that it is two-dimensional and it only gives infor-
mation on the roughness height; it gives no information at all on
the profile of the surface. To provide this information, a means of
creating an image of the surface is necessary. Scanning electron
microscopy can provide this. It does not, however, provide a quali-
tative value in three dimensions. The combination of quantitative
measurements and qualitative data by microscopy provides a defi-
nite characterisation of the surface. 

The aim of this study was to find to what degree patients could
detect different levels of roughness in restorations by ranking
samples of different degrees of roughness using their tongues. 

MATERIALS AND METHODS
Discs of a composite material were manufactured and finished to a
particular roughness value produced by abrasives commonly used
in dental treatment. Composite was chosen as the material due to the
ease of producing and handling the specimens. Split rings of 10 mm
in diameter were filled with a hybrid resin composite (Z100). The
split ring and contents were covered with a glass slide and the mate-

● Patients are very aware of rough restorations. 
● Little research has been carried out on the degree to which patients can detect

differences in roughness.
● This study shows that previous figures for surface roughness values were much too high.
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rial light cured according to the manufacturer’s instructions for 40
seconds using a photo-curing light (Luxor ICI). In this case it was not
necessary to patch-cure the composite, as the light tip was suffi-
ciently large to cover the whole of the sample surface. The samples
were removed from the ring and any flash removed, then stored in
de-ionised water in an oven at 37°C until required. One set of sam-
ples was left untouched once the glass slide had been removed. The
remaining samples had their surfaces roughened by hand in a figure
of eight pattern with water lubrication using Struers silicon carbide
abrasive sheets. The grit sizes used were 80, 320 and 800 grit-size,
with the final group of samples finished with the 1,000 grit-size fol-
lowed by the green Shofu polishing disc (Shofu Dental Products,
Japan). Fixing the sample to a surface and passing the rotating green
disc over the surface in a figure of eight pattern accomplished this.
The surface roughness was measured using a two dimensional pro-
filometer (Mitutoya Surftest, Japan). The measuring length used was
4.8 mm with measurements taken every 0.8 mm. The surface rough-
ness value measurement was then carried out. The specimen was
mounted on a flat bed and three readings were taken 1 mm apart
across the diameter of the specimen and then three more were taken
at right angles to the first. Tracings were taken of the second and
fifth readings. 

The roughness study
The smoothest surface, untouched once the glass slide was
removed had a roughness of 0.06 µm. The next smoothest was
0.22 µm rougher. The remaining samples had a roughness value
approximately double the previous value. The abrasive used to
produce the roughened surface governed this roughness value. A
letter was used to identify the roughness value to ensure that the
ranking was unbiased. Table 1 shows the mean roughness of the
samples, the range of roughness and the grit sizes of the abrasives
used to roughen them. 

As it was impossible to always produce the same Ra values on the
surface of the specimens, and the difference in the mean roughness
between B, D, and A is small, the samples given to volunteers to rank
were carefully selected so that the difference between the samples
was similar. For example if two samples of D had values of 0.32 and
0.26 and A had Ra values of 0.54 and 0.67, then the first sample of D
would be put with the second sample of A. In this way it was ensured
that the incremental change in roughness was maintained.

Twenty-five healthy volunteers (10 male and 15 female, aged
between 19 and 63 with an average age of 37) were asked to rank a
set of five samples in order of roughness using the tip of their
tongues. 

The sample questionnaire given to the volunteers is shown in
Figure 1. 

Table 1  Roughness of samples used in in-vivo roughness testing.
Sample code A B C D E

Abraded with: 800 Matrix 80 1,000 and 320
green disc

Ra (µm) 0.62 0.06 3.43 0.28 1.29
Range (µm) 0.80-0.47 0.11-0.03 4.51-2.23 0.33-0.19 1.60-1.17
St. Dev. 0.17 0.06 1.02 0.12 0.31

Fig. 1  Tongue test

Please place the discs labelled A to E in their order of roughness. To obtain the
roughness use the tip of the tongue. Each disc has a letter engraved on it and the
opposite side is the one to test.

Please indicate order of roughness.

Name: -
Thank you for your help.

Smoothest Roughest
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DISCUSSION
Just over half of the volunteers ranked all the samples in their cor-
rect order. The percentage correct for individual samples was high-
er. (See Table 2 and Fig. 2). Apart from two volunteers, any incor-
rect rankings were only varied by one place. The results for
individual samples showed that those volunteers who did not place
B as the smoothest only misplaced the roughness by one grade (D).
The mean Ra value of D is only 0.2 µm higher than B. The next in
ranking D has a Ra value mean of 0.28 µm and here, apart from
one volunteer who was out by two rankings, the remaining mis-
placed rankings were only at variance by one rank, placing either
A or B in place of D. Both are only 0.2-0.3 µm different in rough-
ness value from D. The sample in the middle of the roughness scale
with a Ra value of 0.62 µm again showed similar results. One vol-
unteer placed it as plus 2 and one placed it one rank down. The dif-
ference in Ra between B and A, and A and E is 0.5-0.65 µm, the
others who were incorrect were only 0.2-0.3 µm out in their rank-
ing by having plus 1. With the second roughest, three volunteers
were incorrect; one volunteer making this sample the roughest and
two putting it in the middle of the ranking. Again with the rough-
est only one volunteer misplaced this sample placing it one place
higher. Therefore it is apparent that volunteers only rarely mis-
rank the discs by more than one ranking. 

From Figure 9 it can be seen that the greatest number of volun-
teers correctly placed the roughest sample and that the degree of
correctness fell as the samples became smoother with the lowest
number correct being the second smoothest. However even at this
level only one volunteer was at variance by more than one level. It is
therefore reasonable to state that the volunteers were able to distin-
guish between roughness values of 0.5 µm or less with their tongue.

Willems et al.7 give the Ra value of enamel in contact areas as
0.64 ± 0.25 µm. This is similar to Figures 4 and 6. In addition from
the photomicrographs, the roughness appearance of enamel (Fig.
5) is close to that of the composite in Figure 4 it is reasonable to
suppose that the Ra value is in the roughness range similar to disc
D (mean Ra of 0.28 µm). It would therefore seem logical to finish
restorations at least to this degree of smoothness in order to pre-
vent the patient constantly ‘fiddling with’ the restoration with
their tongue.

A random sample for each roughness category was sputter-
coated with gold (Edwards S150A, England), and viewed in the
SEM (Sterioscan 90, Cambridge Instruments). Representative pho-
tomicrographs were taken of the surface. In addition, an upper
extracted central incisor was desiccated and after mounting on a
SEM stub, sputter coated, viewed in the SEM and a representative
photomicrograph was taken of the labial surface for comparison,
these photomicrographs shown in Figures 3-8. All the photomi-
crographs were taken with a field width of 110 µm. and a magnifi-
cation of 1,000 times. 

RESULTS
The results of the ranking by the 25 volunteers of the samples from
the smoothest to the roughest are shown in Table 2. Fifteen out of
25 (60%) ranked all the samples in the correct order. To analyse the
samples that were incorrectly ranked, it was decided to represent
the individual samples that were incorrect by a positive or negative
number depending on the extent of the variation in ranking. For
example if the correct letter should have been A and the volunteer
placed E (a rougher sample) in that place then this would be repre-
sented as minus 1. Similarly if they had placed B (a smoother sam-
ple two places higher) in A's place this would be plus 2. The volun-
teer's order of roughness is shown as pie charts in Figure 2; these
indicate the accuracy with which volunteers can distinguish
between different degrees of roughness. Figures 3, 4, 6-8 are scan-
ning electron micrographs of the specimen surfaces. Figure 5 shows
a micrograph of the surface of human enamel at the same magnifi-
cation. It can be seen that this surface most closely resembles that in
Figure 4, which is the sample with a mean Ra value of 0.28 µm. 

Table 2  Summary of volunteers' results from the smoothest on the left to
the roughest on the right. 

Volunteer's ranking

Mean Ra (µm) 0.06 0.28 0.62 1.29 3.43
Number correct 19 15 19 22 24
% Correct 76 60 76 88 96
Minus 1 6 4 1 1
Minus 2 1
Plus 1 5 4 2 1
Plus 2 1

Fig. 3  Sample B. Sample with Ra value of
between 0.03-0.11µm

Fig. 4  Sample D. Sample with Ra value of
between 0.21-0.41µm

Fig. 5  Sample of human enamel. Labial
surface of upper central incisor

Fig. 6  Sample A. Sample with a Ra value
between 0.47-0.80µm

Fig. 7  Sample E. Sample with Ra value
between 1.17-1.60µm

Fig. 8  Sample C. Sample with Ra value
between 2.23-4.27µm
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CONCLUSION
Within the range of roughness of 0.06 – 3.5 µm patients are able to
distinguish between differences in roughness values of at least 0.5
µm. The figure of 20 µm quoted by Van Noort is too high; and all
future research into roughness perception must be very much
lower. The aim of practitioners must be to finish restorations to a
degree of smoothness similar to that of enamel. 

The authors would like to thank 3M Espe and Shofu dental for their kind help in
supplying materials. They would also like to thank Mr. G. Palmer of the
Biomaterials department of the Eastman Dental Institution for his help in
producing the photomicrographs.
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Fig. 9  Chart of percentage correct for each sample

A report on the annual dinner of the Royal Dental Hospital London,
reveals the unique bond between student and hospital.

THE Annual Dinner of the staff and students was held at the Whitehall Rooms of the Hotel Metro-
pole on November 22, Dr. A. W. W. BAKER (Dublin) presiding. Among many distinguished guests were
the Deans of Charing Cross, Middlesex, and the National Dental Hospitals, Dr. Eddowes, Mr. Treacher
Collins, Dr. Guthrie Rankin, Mr. W. D. Archer, Dr. Abraham, Mr. Wentworth Shields, and others. After
happily speaking to loyal toasts, the CHAIRMAN in proposing "The Past and Present Students," said that
the loyalty of students, old and new, to the Royal Dental Hospital, always manifested by their large
attendance and enthusiasm on these occasions, was he thought due in part to the peculiar importance
and functions of the student in such a special institution, as compared with a general hospital. The
ordinary duties of a staff, surgical and medical, with their assistants and trained nurses, however effi-
cient, in a dental hospital, had to be supplemented by the arduous work of a large contingent of capa-
ble senior students. This, he felt, constituted a very special link between their fine institution in Leices-
ter Square and the large body of distinguished practitioners who had passed through it. As an old
student he was proud of the traditions and present position of the hospital, and of the honour of pre-
siding at this celebration.

The toast was responded to by Mr. REES PRICE, who regretted that in the new building utilitarian
beauty had not been further supplemented by a more attracting exterior and by Mr. J. WARWICK HELE,
who suggested that the opportunities afforded by the splendid equipment of the school could hardly be
taken the fullest advantage of in two years. He thought the facilities of hospital pupilage were of
greater value than the uncertainties of the old, private apprenticeship.

Br Dent J 1902, 23: 762

One Hundred Years Ago
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