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Photographic images of the lens (using the Canon EOS slit lamp photography at 45 degrees) were
evaluated (Figure 1).

Figure 1. Standard Pre-Operative Nuclear Classi�cation System (SPONCS) Canon EOS slit-lamp
photographic examples.

The photographs were obtained from a selection of pre-operative images taken by the author (JM).
All identifying patient details were removed. The pictures were selected by the primary co-authors
(JM and NF). All chosen pictures had agreement regarding their grading. They were chosen based
on image quality. In order to minimize bias, the �rst images found to meet this standard were those
selected to be included in the questionnaire.

Ophthalmologists at the institution with at least one year of training were introduced to the new
cataract grading tool. They were then given a set of 15 photographs of cataracts to grade (Time 1).
The photographs were viewed projected onto a screen by an Epson WXGA projector using a Dell
Latitude 5480 computer. An example photograph of each cataract grade was given prior to the
questionnaire. The questionnaire consisted of two photographs of each grade (except for grade 5 where
there was only one image available). These were displayed in random order. After a period of 1 week,
they were retested (with the same photographs in a di � erent order) to test for intra-observer variation
(Time 2).

2.3. Validation Study

In order to evaluate the SPONCS classi�cation system and to validate the score, we conducted
a cohort study of patients undergoing routine cataract phacoemulsi�cation surgery. In total,
596 eyes of 596 patients were included in the study. Surgeries were performed by a single surgeon
(JM), with the Alcon In�nity phacoemulsi�cation machine. The patients were a cohort from the
years 2011–2016 who were graded and examined pre-operatively by the surgeon (JM). From this
cohort, 599 patients were evaluated at random. Three patients were excluded due to missing data.
Phacoemulsi�cation cumulative dissipated energy (CDE), a phacoemulsi�cation unit parameter
designed to monitor the amount of energy delivered during phacoemulsi�cation, was recorded for
each surgery.

2.4. Statistical Analysis

Statistical analysis was performed using SPSS (IBM corp. Released 2017. IBM SPSS Statistics
for Windows, Version 25.0. Armonk, NY: IBM Corp., USA). Inter-observer reliability was evaluated
using Cohen's kappa coe� cient for rater agreement [14]. For the purpose of analysis, the + signs were
converted to increments of 0.5 (i.e., 2+ = 2.5, 3+ = 3.5, 4+ = 4.5). Sub-analysis was also performed based
on nuclear color alone. For the validation study, data are presented as mean � standard deviation (SD).
Spearman0s rank correlation (rho test) was performed to correlate the CDE and SPONCS scores.
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3. Results

3.1. Inter-Observer Reliably

Thirty ophthalmologists participated in the study. The distribution of their grading at Times 1 and
2 for each picture is shown (Figures 2–5). Analysis of intra-observer pair-wise comparisons showed a
mean Cohen kappa co-e� cient of 0.55� 0.19 (inter-quartile range: 0.40–0.67). Analysis of agreement by
grouping of nuclear color only (disregarding the posterior cortex re�ex) showed substantial agreement:
mean 0.70� 0.18 (inter-quartile range: 0.57–0.85). Analysis of inter-observer variability of the graded
pictures at each time point showed a Kappa coe� cient of 0.54 for Time 1 and 0.49 for Time 2. There was
a substantial agreement when analyzing nuclear color only of 0.70 for Time 1 and 0.66 for Time 2.

Figure 2. Distribution of 30 ophthalmologists' grading for the 15 photographs at Time 1.

Figure 3. Distribution of 30 ophthalmologists' grading for the 15 photographs at Time 2.












