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Veterinary Dental Forum, Phoenix, 2018

At the start of this process, we agreed that the
ideal would be:
1. Quick, accurate, easily learned, and capable of
producing quantitative data scoring extent of coverage

Update on VOHC

and thickness of plaque or calculus per tooth.
2. Ideally not requiring anesthesia or sedation.

Colin Harvey, BVSc, FRCVS, DipACVS, DipAVDC
Director, VOHC

3. Suitable for both dogs and cats.
4. As automated as possible, to reduce variability.
a. Publicly available and cost-effective.

VOHC Update Agenda
VOHC Digital Scoring Project Progress

Attention in these sessions has focused on the Quantitative
Light Fluorescence (QLF) technique developed by
Inspektor Research Systems.
No practical alternative system has been identified.

Possible inclusion of a requirement for
Digestibility and Mechanical Testing of
ingested products
VOHC Seal appearance
Update on the search for a new VOHC
Director
Recent activities and additions to the VOHC
Accepted List
Other items?

VOHC Update
Scoring Plaque and Calculus
Current scoring techniques (e.g. Logan & Boyce [plaque] or WarwickGorrel [calculus]) use subjective categorical (non-linear) criteria Io report
extent or thickness of plaque or calculus.

The QLF system has been used at the Waltham Centre for Pet
Nutrition, and results validating the method for scoring extent of
plaque in both dogs and cats have been published in J. Vet . Dent.
and Res Vet Sci.

The Quantitative Light-induced
Fluorescence (QLF) technique

Today’s session is part of a continuing series of presentations at the
recent European and American Veterinary Dental Forums, the purpose of
which is to attempt to develop a reliable, practical, objective digital scoring
method for plaque and calculus in dogs and cats.
An informal discussion at the June 2018 EVDF established that the overall
objective was possible. Today’s session will include materials provided by
Dr. Elbert Waller, of Inspektor Research Systems, and by Dr. Corrin
Wallis, Waltham Centre for Pet Nutrition as a follow-up to the EDVF.

Corrin Wallis, Yadvinder Gill, Alison Colyer, Judi Allsopp, Ian
Davis, Zoe Marshall-Jones, Gleb Komorav, Sue Higham,
Stephen Harris, Lucy Holcombe
Proprietary information: Not to be reproduced or
distributed without the express consent of Mars, Inc.
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Progress in the VOHC Scoring Project Discussions to Date
QLF works. The Inspektor QLF system for scoring extent of
disclosed plaque in dogs and cats, validated by Wallis et al, is
now approved for use by any company or testing facility for
trials to be submitted to VOHC.
There was agreement at the VDFs in Malaga and in Nashville
in 2017 and at Innsbruck in 2018 to pursue further QLF
development designed to produce a practical system for

Scoring Project - Decisions to be made
Is it safe to assume that what remains adhered to the
tooth surface after plaque (disclosed or not) is brushed off
is calculus?
Develop an algorithm to tweak the QLF software to report
extent and intensity of fluorescence of plaque as a single
score per pixel per tooth. Same for calculus.
Develop a maximum intensity-extent score so that a % of
maximum can be reported for each tooth by the software.

scoring extent and thickness of plaque and calculus in dogs

Validate that the pixel color intensity score is correlated
with depth (thickness) of the substrate.

and cats.

Decide on use of disclosed vs undisclosed substrates.

Teeth to Score
Scoring will be faster, and scorer fatigue is less likely if the number of teeth to
be scored per subject is fewer.
Following review of data from several trials conducted by three companies,
the following tooth sets were proposed:
Unilateral 8-tooth set (Max C, P3, P4, M1, Mand C, P3, P4, M1) in dogs.
Bilateral 10-tooth set (Max C, P4, M1, Mand C, M1) in dogs.
A unilateral set is included so that the option for trials using a split-mouth
design is available (e.g. comparing the brushed side and non-brushed side).
Comments on these tooth scoring sets were requested, and none have been
received questioning their use. The comparative data are available on the
VOHC website at http://www.vohc.org/tooth_sets.pdf
Absent further discussion of the tooth sets, we will assume that the proposed
sets are acceptable for use in QLF studies, and a recommendation to revise
the online ‘VOHC teeth to be scored’ set in dogs will be forwarded to VOHC
Council members and the AVDC Board.

Current QLF Data

Using Intensity of Fluorescence per Pixel to
Assess ‘Thickness’ from a QLF image
• Assume that thicker plaque is more
periodontopathogenic and therefore deserves
consideration beyond being included in a simple ‘% of
coverage’ index.
• Assume that the intensity of fluorescence is directly
related to the thickness of plaque or calculus.
• The software can be programmed to recognize different
‘bands’ of intensity, based on pre-set thresholds.

QLF™ Devices
QLF™ Devices are digital cameras that can capture standard white light and
QLF™ images of the same subject and deliver these images to the QLF™
analysis software

The QLF software calculates the number of pixels on the

QLF-D Biluminator™

tooth surface that show a pre-defined intensity of red

High-end SLR camera equipped with white
light and blue light illumination. Connects to
the PC through a USB port.

fluorescence (RF). ΔR0-max is the number of pixels on the
detected tooth area. ΔR30-max is the number of pixels of the
detected surface that show the pre-defined intensity increase
with respect to a clean tooth surface, with ΔR 0-29
considered to be ‘noise’.

Qraycam™
Lighweight, handheld digital camera with
white light and blue light illumination.
Connects to the computer through a network
connector.
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Example

QLF™ Devices
Qraycam Pro™
Lightweight, handheld, high resolution QLF™ device that combines
and surpasses the capabilities of the QLF-D Biluminator™ and the
Qraycam™. Will be available in 2019.

A single ∆R is selected, and the software reports the % of the
total tooth surface covered by color intensity of that ∆R or higher .
In this example, three potential cut-off ∆R points are shown.
Areas of intensity above zero and < e.g. ∆R 30 are considered to
be ‘noise’ or areas of ‘young plaque’ that is not of clinical interest.
Total Tooth
∆R30 or
higher
∆R70 or
higher
∆R120 or
higher

Pixels

%

2690

100.0%

637

23.7%

524

19.5%

460

17.1%

One of the three examples of ∆R values shown would be selected.
The reported QLF score would be the extent of coverage of the
selected ∆R value or higher as a % of the total tooth surface area

Typical QLF™ images

Before cleaning

After cleaning

Before cleaning

After cleaning

Example using ∆R30 as the cutoff %

∆R30 or
higher
Thickness
Score

Currently Reported by the QLF™ Software

23.7%
3
71

Next Step - Combining Extent and
Thickness

For each identified tooth contour, the software identifies:
Total number of pixels on the identified tooth surface
Number of pixels that show the area covered by ∆Rxx or higher. ∆Rxx is a
pre-defined red fluorescence intensity.
The extent of coverage, expressed as % of total tooth surface. Covered by
∆Rxx. The result can vary from zero to 100%.

Waltham studies show excellent
correlation between Extent of Coverage
measurement with QLF™ and the current
used human observation of extent of
coverage score (Logan & Boyce).

∆Rmax: highest increase of red fluorescence compared to the clean tooth
surface.
Meaning: Maximum thickness
Range: 0..∞

Thickness is calculated based on preset
∆R% values and the ∆Rmax data.

3

4/10/2019

Extent-Thickness Proposal 1:
Parallel the Logan-Boyce extent-thickness score.

Determining Maximum Intensity

 The plaque and/or calculus scoring systems typically used in

VOHC trials currently are a combination of extent of coverage
score (0-3 or 0-4 scale) multiplied by the maximum thickness
(color density) score (0-3 scale)
 Map the range of ∆R0-∆R120 based on three bands to
approximately match the currently used subjective human
observations of thickness.
Human Observer Score

QLF score

0

∆R0 to ∆R30

1

∆R31 to ∆R60

2

∆R61 to ∆R90

3

>∆R90

View Waltham QLF images of dogs in control
group to find the maximum fluorescent color
intensity in any of those images.
Add 20% as a fudge factor to avoid un-necessarily
limiting the maximum?
Assume for sake of illustration in this presentation
that the observed Max intensity was 100. Add 20%
- maximum intensity used in calculations is 120.

Example Using 6 Bands - Plaque

Intensity ‘Bands’

∆R

Pixels

% of Total Weighting
Tooth
Factor
area

2000

100%

• There is no theoretical limit to the number of bands that
can be recognized by the software.

Total Tooth

Contribution to
VOHC Score

Band 1

0-20

500

25%

0

0

Band 2

21-40

500

25%

1

1 x 500 = 500

score? Compared with use of four bands, use of eight

Band 3

41-60

400

20%

2

2 x 400 = 800

bands will halve the intensity variation within a particular

Band 4

61-80

300

15%

3

3 x 300 = 900

Band 5

81-100

200

10%

4

4 x 200 = 800

Band 6

101-120 100

5%

5

5 x 100 = 500

• Does the use of more bands increase the sensitivity of the

band.
• Are there practical limits, or is this simply an exercise in
programming the software?

Extent – Thickness Combination Score Proposal 2


Divide ∆R into more bands, to increase sensitivity
(e.g. six bands, 0-20, 20-40, 40-60, 60-80, 80-100, >100)



Assign each band a weight factor. The weighting scale could be arithmetic (0, 1, 2, 3, 4 etc)
or exponential (0, 1, 2, 4, 8, 16 etc.)



Determine the maximum intensity score – W max



Maximum possible VOHC pixel score is Total tooth area x W max



VOHC Coverage-Thickness Score = ∑(Pxi.W i) where:

Tooth maximum raw score = 2000 total pixels x 5 maximum score per pixel
= 10000
Example total plaque raw score = 3500
VOHC score reported as % of maximum = 3500/10000 x100 = 35%

Whether or Not to Require Use of Disclosing Solution
The QLF image of undisclosed plaque may more accurately reflect biofilm
bacterial plaque rather than plaque plus stained pellicle - the disclosing stain
shows all protein, but undisclosed QLF images show only bacteria from
‘older’, perhaps more periodontopathogenic, plaque.

% Plaque Reduction
Mod Logan & Boyce 22%
QLF Disclosed
19%
QLF Undisclosed
69%

i = 1-e.g. 6… (number of bands)
Pxi = number of pixels in band I
W i = weight factor of band I
Assigning a weighting score of 0 to the first band is based on considering this level of fluorescence to
indicate noise or immature plaque of no clinical interest.

Similar results were obtained for cats

If undisclosed QLF data are used, the VOHC effectiveness standard (currently
minimum 20% reduction in disclosed plaque) may need to be changed.
Data from Wallis et al.
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Scoring Calculus
Wallis et al have demonstrated that calculus brushed free of disclosed
surface plaque will produce QLF fluorescence that can be used to
calculate extent of coverage by calculus in teeth of dogs.
If plaque must be brushed off to score the calculus using the QLF
technology, and use of a disclosing agent is not necessary for plaque or
calculus scoring, how would one insure that all plaque is removed prior
to calculus scoring?
Perhaps score the plaque, and then apply the disclosing agent to
ensure that all plaque not associated with calculus has been brushed off
(use a dental explorer to define edge of the calculus)?
However, given the difference between data from QLF images of
disclosed and undisclosed plaque, it seems likely that similar differences
will result when QLF data from disclosed and undisclosed calculus on
the same tooth are compared.

Related Issues for Discussion
Determining the outline of the tooth in QLF images.:
A rough circle is drawn with a mouse around the tooth on the digital image,
and the QLF software does the rest.
Is this accurate enough to define the gingival margin when gingivitis and
thick disclosed gingival margin plaque are both present?

Camera Positioning and Angulation
What is the effect of changes in angulation and in the distance of the
camera from the subject? When the QLF camera is handheld, the
difference in distance and spatial orientation of the camera vs its subject is
much higher than when an intraoral camera with a fixed aperture is used in
combination with a head rotation/fixation device.
From Dr. Waller: The C4 QLF software will be updated to allow
consideration of camera repositioning in the not-too-distant future.
This repositioning support is helpful when imaging individual tooth
surfaces, but can be frustrating to use when a full row of teeth is imaged.
Viewing the base-line image on-screen at the same time as the live image
would be a practical approach; this will be implemented in QLF this year.

QLF Plaque & Calculus Thickness
Measurement
AVDF 2018

Is QLF actually necessary?
The alternative is pixel by pixel color intensity recognition in a digital
image of the disclosed tooth using a standard scanning software
program?
How close is the correlation between results when using the
Logan/Boyce method and the standard color recognition scanning
software on disclosed teeth - the stained areas are the same.
The advantage of fluorescence may be as it applies to calculus, if
brushing away the fluorescent plaque reveals fluorescent calculus.

These slides and the information they contain are confidential and
the property of Mars Incorporated. They may not in any way be
disclosed, copied or used by anyone except when expressly
authorised by Mars Inc. ©Mars 2018

VOHC Minimum Effectiveness Standard

QLF ‘Thickness’ Measure

As reported by Wallis et al, there is a significant difference
in % reduction of plaque as scored by L&B or QLF.

QLF software calculates the number of pixels on the

And there is a significant difference in retardation of
calculus vs. plaque in VOHC trials that include both
substrates.
We cannot arbitrarily ‘move the VOHC goal post’ just
because the scoring system, though more accurate and
objective, results in scores in a different range.
Need comprehensive review of data to determine whether
the current VOHC standard (20% reduction) would apply
to studies scored by QLF.

tooth surface that show a pre-defined intensity of red
fluorescence (ΔR values).
Need to understand the relationship between QLF ΔR
values and thickness of plaque/calculus.
One approach is to compare QLF ΔR values to plaque
index thickness data (e.g. modified Logan & Boyce).
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QLF ΔR Values and Plaque Index Methods
– Two cross-over studies (28 day test phases).
– Plaque & calculus measured using QLF and
subjective plaque or calculus index methods.
– Look at correlation between methods and/or trends
in diet effects.
Plaque

Measures

Dog

Cat

QLF undisclosed teeth

Yes1

Yes2

Modified Logan & Boyce

Yes1

Calculus*

Warrick-Gorrel
QLF

*Disclosed plaque removed by tooth brushing

Yes2
Yes2

QLF disclosed teeth
Yes3
Yes3
1Wallis et

al., 2016; J Vet Dent 33:26-38
2Marshall-Jones et al., 2017; Res Vet Sci 111:99-107
3Wallis et al., 2018; J Vet Dent 35:187-194

Dr. Wallis and colleagues have not yet had the
time to analyze the data……

Chews and Treats – Risk of Pharyngeal,
Esophageal or GI Obstruction
Design of the Chew-Treat
Solubility and Digestibility Testing
Mechanical Testing
Should VOHC require data from such testing to be
included in the submission?
If so, what is the standard that VOHC should apply, or is
simply conducting the test sufficient.

Digestibility Testing
 While this will be a useful exercise, it is

of some questionable value in that the
purpose of the digital scoring project is
to find an objective replacement for
subjective data….
 The only apparently available

mechanism to validate the digital system
is to use the subjective scoring system
data.

Another Item Requiring Consideration:

Intellectual Property
If Inspektor works with Waltham and VOHC to develop a Digital
Scoring System that all three parties consider to be practical, who
owns the ‘intellectual property’ that would be incorporated into a
final version of ‘VOHC Digital Plaque and Calculus Scores’
software?
My expectation is that an agreed-on VOHC Digital QLF Scoring
System would be available to be used by any company without
limitations that protect intellectual property rights. The company
or research animal facility would be required to purchase the QLF
camera and software. Meeting the cost of software updates
requires discussion.
George Fahey, Univ. Illinois
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Bowser, PetSci

Mechanical Testing
A more difficult issue…
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Once we figure out the most applicable tests, we
just need examples of ‘good’ and ‘bad’ samples
to determine a pass-fail threshold.

www.VOHC.org

Appearance of the VOHC Seal now that text in additional languages has been
requested. …..
VOHC recognizes that there are practical limits to the space assigned to the
VOHC Accepted Seal on product packaging.

Comments and suggestions are welcome – send then by email to VOHC@AVDC.org.
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