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Background: The aim was to develop tools to measure the condition of ocular prosthe-
ses and the socket’s response to prosthetic eyewear.
Methods: A novel staining technique for displaying deposits on prosthetic eyes was
developed. Equal interval perceptual grading scales for measuring inferior palpebral
conjunctival inflammation, and anterior and posterior stained surface deposits on
prosthetic eyes were developed from 800 photographs of 43 volunteers. The photo-
graphs for each scale were chosen by the authors. A group of four ophthalmologists,
three optometrists and three senior students was consulted about selection criteria and
asked to position the photographs along a 1.5 m rule to determine equal intervals.
Photographs judged not to represent exactly equal perceptual intervals were exchanged
with others from the original pool. The final scales (a five-photograph scale for inflam-
mation and two 11 photograph scales for deposits) were assessed for inter-rater reliabil-
ity and test-retest reliability by groups of senior optometry students.
Results: Standard deviations for inter-rater reliability tests were 0.52 scale units for the
inflammation scale, 0.99 for the anterior surface deposits scale and 1.03 for the posterior
surface deposits scale. The standard deviation of the test-retest differences for inflamma-
tion was 0.6 scale units and for both anterior and posterior surface deposits it was 0.71.
Conclusions: A novel technique for displaying and measuring the intensity and extent
of deposit formation on prosthetic eye surfaces has been described. The two equal
interval perceptual grading scales that have been developed to quantify the extent of
deposit formation together with the equal interval perceptual scale for grading severity
of palpebral conjunctival inflammation will for the first time allow the effects of pros-
thetic eye wear to be evaluated. Further research to validate the scale for palpebral
conjunctival inflammation in a clinical setting is recommended. The technique for
staining deposits on prosthetic eyes is recommended for clinical practice.
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The literature on prosthetic eyes is not
well developed. Available information is
focused on early issues surrounding eye
removal, such as surgical procedures, the
effects on patients’ visual perception and
the emotional impact of eye loss. A small

number of researchers have investigated
the anophthalmic socket’s response to
prosthetic eye wear but aside from a link
between giant papillary conjunctivitis and
prolonged prosthetic eye use1 wearing
behaviour has not been found to have any

effect on conjunctival cytological fea-
tures2,3 or the flora of the socket.4–6

Two recent studies2,3 have investigated
potential links between prosthetic eye
removal and cleaning regimes and inflam-
mation in anophthalmic sockets. Chang
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and colleagues2 used an independent oph-
thalmic pathologist to estimate inflamma-
tion on a 0–3 scale, while Kim and
colleagues3 used a four-point verbally
descriptive scale for bulbar conjunctival
inflammation and the four-level verbally
descriptive scale for tarsal conjunctival
inflammation of Saini, Rajwanshi and
Dhar.7 Both investigations failed to find
any significant link between inflammation
and care regime; however, it is possible
that these scales were too coarse for small
changes in inflammation to be noticed.
Bailey and colleagues8 recommended
using finer than four-point grading scales
and Chong, Simpson and Fong9 showed
that scales using reference photographs
had better repeatability than verbally
descriptive scales.

No finely spaced photographic grading
scales designed specifically for the investi-
gation of anophthalmic sockets appear
to have been developed, although many
scales exist for other purposes.10–12

Hurst, Mitchell and Douthwaite11

created a photographic grading system for
contact lens deposits, but to investigate
prosthetic eyes an alternative method for
displaying and measuring deposits needs

to be developed. The nature and dynam-
ics of deposition on prosthetic eyes is very
different from deposition on contact
lenses. Deposits revealed by the staining
solution used in this study form over all
prosthetic eye surfaces except perhaps for
the inter-palpebral zone. Because the
body of a prosthetic eye is opaque, only
very thick deposits are visible unless they
are stained. Contact lens deposits on
the other hand exist in the inter-
palpebral zone and can easily be seen
because the material on which they form
is transparent.

This study describes a technique for
displaying deposits on prosthetic eyes. It
aimed to develop and confirm reliability
of three photographic grading scales to
aid prosthetic eye research: one for
grading conjunctival inflammation in
anophthalmic sockets and one each for
stained deposits on the anterior and
posterior surfaces of prosthetic eyes. The
study included consultation with experi-
enced ophthalmologists and optometrists
and used perceptual and physical
attributes when developing the scales
similar to that described and recom-
mended by Schulze, Jones and Simpson.12

METHODS

Data collection
Every two to four weeks over a three-
month period, 43 volunteers had their
anophthalmic sockets photographed with
lower lids everted using a cotton bud
(Table 1). The deposits on their pros-
thetic eyes were stained with a solution of
5 g of GC Corporation’s plaque disclosing
gel13 (Table 2) dissolved in 30 ml of
OcuPure saline solution.14 The prosthetic
eyes were immersed in the solution at
20°C (68°F) for a period of 2 min. After
removing and blotting with tissue paper,
the prosthetic eyes were photographed
front and back against a black back-
ground, which included standard grey and
colour scales to ensure the consistency of
the photographic settings throughout the
project. All the photographs of sockets
and prosthetic eyes (800 in total) were
printed 12 cm ¥ 8 cm with a colour laser
printer in a single session using a single
batch of satin-finish photographic paper.
The study had ethics approval from the
University of Auckland Human Partici-
pants Ethics committee and the research

Camera Canon 1000D
Lens Macro EF-S 60mm f/2.8 USM
Flash Cannon Macro Ring Light MR-14X
Camera setting Manual
Exposure time 1/125 second
Aperture size F/32
Focus Automatic
Picture style Faithful
White balance Flash
Sensitivity ISO 400
Flash setting Manual exposure
Flash output 1/16
Distance from sensor plane to
the prosthesis for photography

22 cm–27 cm

Table 1. Camera specifications and photographic settings

Water 70–75%
Ethyl alcohol 18–20%
Food red 105 (Rose Bengal) 4%
D sorbitol 3%
Sodium carboxymethyl cellulose (CMC-Na) 2%
Butyl p-hydroxybenzoate <1%
Flavouring <1%
Sodium salicylate <0.1%

Table 2. GC Corporation plaque-disclosing gel ingredients
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adhered to the tenets of the Declaration of
Helsinki.

Development of grading scales
and judgement criteria
Thirty photographs depicting a full range
of severities for each condition of conjunc-
tival inflammation, anterior surface depos-
its and posterior surface deposits were
chosen by consensus among the authors.
A provisional five-photograph inflamma-
tion scale and two provisional 11 photo-
graph deposits scales were developed. The
larger numbers of photographs in the two
deposits scales were needed to incorpo-
rate both the pink and blue characteristics
of the stained deposits within the same
scale. Deposits that appeared lightly
stained were pink, whereas those that were
more heavily stained appeared blue.

The provisional scales were presented to
a consultation group, comprised of four
ophthalmologists, three optometrists and
three senior optometry students. The con-
sultation group was formally interviewed
about the provisional scales and the judge-
ment criteria they were likely to use in
estimating severity of inflammation and
deposit formation. For the conjunctival
inflammation scale, the consultation
group said that they focused primarily on
the appearance of the 10 mm wide band
across the inferior palpebral conjunctiva
adjacent to the lid margin. They consid-
ered vasodilation of conjunctival blood
vessels, apparent roughness of the con-
junctival surface (for example, papillae)
and the visible presence of any oedema.
For the deposits scales, the consultation
group noted the extent of the stained
areas and the intensity of the pink and
blue stains.

The members of the consultation group
were then asked independently to place
the photographs from the provisional
scales along a 1.5 m rule in positions that
represented their judgments of the rela-
tive severity of the factor being assessed,
beginning with the least severe at 0 m and
the most severe at 1.5 m. The photo-
graphs were assembled on a white table
top and the lighting conditions (nominal
correlated colour temperature 6,500 K,
nominal colour rendering index greater

than 90, illuminance greater than 500
lux) were kept identical for each session.
This placement process identified images
that were not consistent with an equal
interval scale. These photographs were
removed by the experimenters and
replaced with others from the pool
judged more likely to be placed at equal
intervals. The members of the consulta-
tion group then repeated the placement
task. The final outcome of this iterative
process was the set of photographs shown
in Figures 1, 2 and 3 that represent the
best possible uniform scales.

Inter-rater reliability of the scales

SCALE FOR CONJUNCTIVAL
INFLAMMATION
Four to six photographs of the anoph-
thalmic sockets of 43 patients were taken
at different times to provide images that
covered a wide range of severity of inflam-
mation. The resulting 218 photographs
were individually coded and placed at the
centre of a neutral grey Microsoft Power-
Point slide, which contained the grading
scale to be tested. The slides were divided
into four batches and presented in
random order to 40 final year optometry
students, who had at least three years of
clinical training under supervision. A rest
period with a short comical video followed
the completion of each batch to reduce
fatigue. The students were asked to grade
the severity of conjunctival inflammation
shown in each photograph to the nearest
0.1 unit by interpolation within the photo-
graphic scale as proposed by Bailey and
colleagues.8 For each photograph, the dif-
ference between individual severity assess-
ments and the average of all assessments
were plotted to determine the bias and the
estimated limits of agreement.15

SCALES FOR ANTERIOR AND POSTERIOR
SURFACE-STAINED DEPOSITS ON
PROSTHETIC EYES
The process described was also followed
for the two scales for deposits except that
156 photographs of stained anterior and
156 photographs of posterior surface
deposits were used to create the slides for
evaluating each scale. The scale for depos-

its on the anterior surface was assessed by
25 final year optometry students, while 20
assessed the scale for posterior surface
deposits.

Test-retest reliability of
the scales

SCALE FOR CONJUNCTIVAL
INFLAMMATION
The 40 optometry students repeated the
grading exercise after a half hour break.
The differences between each individual
grader’s test and retest scores were plotted
against the average of his/her test-retest
score. Agreement of repeated measures
was evaluated using correlation coeffi-
cients of concordance calculated using the
formulae of Lin.16,17

SCALES FOR ANTERIOR AND POSTERIOR
SURFACE-STAINED DEPOSITS ON
PROSTHETIC EYES
The process for determining the test-retest
reliability of the scales for deposits was the
same as used for the inflammation scale
except that only 18 final year students
participated.

RESULTS

Inter-rater reliability of the scales
In Figures 4, 5 and 6, the differences
between the individual grader’s assess-
ments of severity for each photograph are
shown as a function of the average of all
the assessments for that photograph. The
95 per cent confidence limits of the differ-
ences are marked on the plots. The stan-
dard deviation of the differences for
conjunctival inflammation (Figure 4) was
0.52. For deposits on the anterior surface
(Figure 5), it was 0.99 and for posterior
surface deposits (Figure 6) it was 1.03.

Test-retest reliability of
the scales
In Figures 7, 8 and 9, the differences
between each grader’s test and retest
scores for each scale is shown as a function
of the average of the individual grader’s
test-retest scores. The 95 per cent confi-
dence limits of the differences are marked

Artificial eye research tools Pine, Sloan and Jacobs

© 2012 The Authors Clinical and Experimental Optometry 2012

Clinical and Experimental Optometry © 2012 Optometrists Association Australia 3



Figure 1. Grading scale for lower palpe-
bral conjunctival inflammation in anoph-
thalmic sockets

Figure 2. Grading scale for stained deposits on the anterior surface of prosthetic eyes

Figure 3. Grading scale for stained deposits on the posterior surface of prosthetic eyes
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Figure 5. Inter-rater differences for the grading of deposits on
the anterior surface of prosthetic eyes. For each photograph, the
difference between individual assessments and the average of all
assessments was plotted. The mean of the differences was 0.0
and the standard deviation of the differences was 0.99.
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Figure 6. Inter-rater differences for the grading of deposit sever-
ity on the posterior surfaces of artificial eyes. For each photo-
graph, the difference between individual assessments and the
average of all assessments was plotted. The mean of the differ-
ences was 0.0 and the standard deviation of the differences was
1.03.
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Figure 4. Inter-rater differences for the grading of inferior
palpebral conjunctival inflammation. For each photograph, the
difference between individual assessments and the average of all
assessments was plotted. The mean of the differences was -0.01
and the standard deviation of the differences was 0.52.
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Figure 7. Test-retest reliability of the conjunctival inflammation
grading scale. The differences between each grader’s test and
retest scores were plotted against the average of their test-retest
scores. The mean of the differences was -0.03 and the standard
deviation of the differences was 0.57.
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on the plots. The standard deviation of
the test-retest differences for conjunctival
inflammation (Figure 7) was 0.57 (concor-
dance correlation coefficient = 0.808, 95
per cent confidence interval 0.800–0.816).
For anterior surface deposits (Figure 8),
the standard deviation of test-retest differ-
ences was 0.71 (concordance correlation
coefficient = 0.786, 95 per cent confidence
interval 0.771–0.801) and for posterior
surface deposits (Figure 9), it was 0.71
(concordance correlation coefficient =
0.777, 95 per cent confidence interval
0.761–0.791).

DISCUSSION

Deposits form at the interface between the
prosthetic eye surface and the conjunctiva
and their effect on mucous discharge,
socket comfort and socket health cannot
be fully investigated unless tools to
measure changes and outcomes have been
created. The technique for staining depos-
its and the equal interval grading scales for
measuring their intensity and extent

developed here address this need and are
key to further investigations into pros-
thetic eye wear.

The scale for measuring conjunctival
inflammation is likely to be useful for clini-
cal practice as it allows clinicians to
monitor the level of conjunctival inflam-
mation in anophthalmic sockets. While the
scales for measuring deposits on prosthetic
eyes may have limited use in clinical prac-
tice, the staining method is a valuable
means of detecting and recording blem-
ishes on the prosthesis. The plaque-
disclosing gel used in this study is
commonly used by dentists to demonstrate
proper brushing and inter-dental cleaning
techniques and could be used in the same
way to educate prosthetic eye wearers
about effective cleaning techniques. The
grading scales for the deposits and the
staining technique may have further appli-
cations in areas of research involving
biofilm colonisation of synthetic materials.

In line with Efron, Morgan and Jagpa18

and because of the novelty of the measur-
ing tools required, only experienced clini-

cians or senior students were recruited to
develop and confirm reliability of the
three grading scales in this study.

Efron, Morgan and Jagpa’s18 suggestion
to avoid ‘display bias’ between test and
retest sessions was observed by having the
sessions at the same venue. Difficulties in
scheduling the same observers into the
same venue prevented the second session
being run on a later date. It is possible that
despite the short breaks between batches
of tests and the tailoring of the pace of
presentations to the needs of the group,
observer fatigue may have influenced the
results. The effect of fatigue would likely
be to increase the variability of results and
reduce the reliability of the scales. The
half-hour rest period between test and
retest sessions may have allowed graders to
remember their previous scores but this is
doubtful because of the large number of
photographs and the randomness of the
order of presentation.

The size of the steps in the scales was
somewhat arbitrary, although based on
the authors’ clinical experience. To allow
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Figure 8. Test-retest reliability of the grading scale for deposits
on the anterior surface of the prosthesis. The differences between
each grader’s test and retest scores were plotted against the
average of their test-retest scores. The mean of the differences was
0.003 and the standard deviation of the differences was 0.71.
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Figure 9. Test-retest reliability of the posterior deposits grading
scale. The differences between each grader’s test and retest
scores were plotted against the average of their test-retest scores.
The mean of the differences was -0.07 and the standard deviation
of the differences was 0.71.
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the scales to have the opportunity of
detecting finer gradations of change, we
followed the recommendation of Bailey
and colleagues8 and asked our observers
to grade to the nearest 0.1 unit on the
photographic scales. Ultimately, this study
has demonstrated that the scales’ steps
appear to have the correct order of mag-
nitude in terms of inter-rater and test-
retest reliability. Strong correlations
between the test and retest scores were
also observed in this study.

To assess whether the grading scale dif-
ferences created for this study are likely to
perform comparably with scales created
for grading contact lens complications, we
compared our results with those provided
by Efron, Morgan and Katsara.10 They
compared the reliability data of four
different grading systems for bulbar con-
junctival redness. While the palpebral con-
junctival inflammation scale in this study is
not limited to redness, the reliability data
fall within the ranges calculated for these
other grading systems. The comparison is
shown in Table 3.

The ability to confidently detect
change occurs with a grade change of
1.02 scale units for the conjunctival
inflammation scale, 1.94 scale units for
the anterior deposits scale and 2.04 units
for the posterior deposits scale. The close
agreement between the graders’ abilities
to detect change (with 95 per cent confi-
dence) and each single step in the inflam-
mation scale suggests that this scale may
be useful in clinical practice, where prac-
titioners wish to measure differences in
severity of conjunctival inflammation that

are clinically and statistically significant.
The close agreement between graders’
abilities to detect change (with 95 per
cent confidence) and every second step
in the two scales for deposits provides
researchers with a tool for measuring
deposits that measures statistically signifi-
cant differences.

CONCLUSIONS

A novel and valuable technique for display-
ing and measuring the intensity and extent
of deposit formation on prosthetic eye sur-
faces has been described. The two equal
interval perceptual grading scales that have
been developed to quantify the extent of
deposit formation together with the equal
interval perceptual scale for grading sever-
ity of palpebral conjunctival inflammation
will for the first time allow the effects of
prosthetic eye wear to be evaluated. The
palpebral conjunctival inflammation scale
and the technique for staining deposit for-
mation on prosthetic eyes are recom-
mended for use in clinical practice.
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Reliability Efron Annunziaton CCLRU Vistakon This study

Mean 0.55 0.58 0.53 0.59 0.40
Upper 95 per cent confidence limit 0.82 0.81 0.84 0.84 0.51
Lower 95 per cent confidence limit 0.28 0.36 0.34 0.34 0.29

Table 3. Comparison of grading reliability data from four different grading systems for
bulbar conjunctival redness compared in the study of Efron, Morgan and Katsara10 and
the palpebral conjunctival inflammation scale developed in this study. The reliability
data for this study were recalculated using the mean data of each observer to align with
the method used in Efron, Morgan and Katsara.10
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