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bstract

his study was prompted by awareness of the importance of research into quality of life (QoL) for patients with diseases of the head and neck,
he important part questionnaires currently play in this field, and awareness of the “questionnaire fatigue” experienced by many patients. Our
ultidisciplinary research group raised coincidental awareness of the widespread use of ternary graphs in the sciences, social sciences, and

umanities as a graphical tool for quantitative, semiquantitative, or purely graphical characteristics of ternary mixtures. We explored how the
asic properties of ternary graphs could be translated into an interactive electronic tool as an alternative to conventional questionnaires. We
ave described how this was done, and offered open access to an interactive ternary-graph based (self) assessment tool, specifically designed
or the needs of patients with conditions of the head and neck. Finally, have we made open-source code available for those who may wish to

dapt or develop the tool for further applications.

 2017 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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ntroduction

he role of questionnaires in research into quality of life
QoL) is commonplace and well- established,1 and ques-
ionnaires of various degrees of complexity are used in all

alks of life despite the fact that patients (and others) become

xhausted by having to complete standardised, often dull,
uestionnaires.
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We have used a multidisciplinary approach to interact
cross widely different disciplines, and incorporate both
atients’ and clinicians’ perspectives, to develop a proto-
ype interactive tool that we think can be adapted to replace

any types of questionnaire. Our clinical model was that of
 maxillofacial surgical patient. It is essential to understand
hat in this paper we have described the development of, and
iven access to, a simple interactive online tool. This tool
ow exists, but has not yet been used in any comparative
oL studies. This (and its use beyond maxillofacial surgery)

s beyond the scope of a single publication.

Questionnaires resemble an algorithm based on language,

hrough which the user is guided in steps. A simple com-
uter algorithm will only ever do what it was programmed

blished by Elsevier Ltd. All rights reserved.
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Fig. 1. An equilateral triangle where the corners each indicate one of the
three components A, B, C and A + B +C = 100%.
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So far, to the best of our knowledge, quantitative graphi-
cal illustrations such as ternary graphs have not yet been
exploited in a clinical or wider medical context for any sort
o do, and allows no spontaneous digressions, which often
recludes unforeseen discoveries. This “top-down” design
pplies equally to the design and use of questionnaires, where
ore active engagement with the user may often be highly

esirable.
Others2 have commented on the integration of information

echnology (IT) and health-related QoL with the intention of
enefitting patients, carers, and clinicians:

hrough  the  better  use  of  IT,  it is  possible  that  these  advances
ould lead  to  improved  information,  more  informed  choice
ased on  HR-QoL,  more  effective  doctor-patient  communi-
ation, less  frequent  appointments,  multiprofessional  input,
ore cost-efficient  targeted  earlier  intervention,  and  a  realis-

ic expectation  between  patient  and  health-care  professional
et within  the  health  context  of  the  individual.

Here we have introduced an alternative to conventional
uestionnaires. Our tool can provide quantifiable output that
s similar to the scales used in questionnaires (if wanted) as
ell as qualitative output, it is interactive and intuitive to use,

nd it needs a high degree of involvement by the user. The
esign is extremely flexible, and adaptable to a wide range
f applications. We wish to share this tool for others to use
reely and to develop it in their own areas. The basic prototype
ust now to be designed with a series of directly relevant,

rogressive terms, and validated using established standard

echniques. o

Fig. 2. The seven top-leve
xillofacial Surgery 55 (2017) 679–684

aterial  and  methods

he underlying mathematical properties of equilateral tri-
ngles that allow the quantitative compositional analysis of
ernary mixtures is shown in Appendix A (Supplementary
ata, online only). This gives a brief description of two com-
on compositional analyses of ternary graphs as well as the

ull description of the general case of an equilateral triangle
laced in a two-dimensional Cartesian coordinate system (as
sed in our code).

Our source code has been deposited in the GitHub repos-
tory at https://github.com/laurenkt/magic-triangle,3 and a
emonstration version of our interactive tool can be accessed
nd run at https://laurenkt.github.io/magic-triangle/.4

The interactive tool was designed so that it runs on any
tandard web browser and on lower-end hardware. We have
ot yet implemented a version to run on tablet computers or
ther gadgets with touch screen technology. It would, how-
ver, be straightforward to adapt our tool for this kind of
ardware.

The design of our code is such
https://github.com/laurenkt/magic-triangle)4 that all
etadata (for example, lists of all descriptor terms) are

ontained in one file and so to change these is straightforward.

iscussion

he working of our interactive self-assessment tool is under-
inned by the mathematical properties of an equilateral
riangle.

Take an equilateral triangle and label each corner A, B,
 as shown in Fig. 1. If A, B, and C indicate three compo-
ents of a mixture - A + B + C that adds up to 100% - then
ach point in the triangle uniquely indicates a particular per-
entage composition of the mixture (see Appendix A for an
xplanation of the underlying mathematics). For example,
he corner of the triangle labelled C would indicate a mixture
omposed of 100% C, and the centre of the triangle would
ndicate a mixture made up of 1/3 A + 1/3 B + 1/3C.

A, B, and C can be just about anything, and the quantifi-
ble way in which an equilateral triangle (a ternary graph)
ndicates the composition of a ternary mixture explains why
ernary graphs are widely applied in so many different areas.
f assessment.

l descriptor terms.

https://github.com/laurenkt/magic-triangle
https://laurenkt.github.io/magic-triangle/
https://github.com/laurenkt/magic-triangle
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Fig. 3. Map and flow chart of descriptor terms specific for self-assessment of patients with head and neck disease. * Indicates that the descriptor terms, which
extend all level 2 terms to level 3, are identical.
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Fig. 4. The initial step and top level ternary graph, including the slider and initial prompts to start the tool.
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Fig. 5. The consecutive steps 

Areas of application include anthropology where, for
nstance, Lévi-Strauss used ternary graphs (known as the
ulinary triangles) labelled “raw – cooked – rotted” to char-
cterise the culture and development of food and cooking.
his was in relation to civilised (cooked) and primitive
ating habits, or unchanged (raw) as opposed to changed
oods (cooked/culture and rotted/natural).5 Economics com-
only make use of graphics, one example being Clarke’s

roject-management trilemma6 where, in a production trian-
le labelled fast – good – cheap, only two of the components
an be simultaneously not zero.

Chemistry, metallurgy, engineering, materials, and earth
ciences all make use of ternary (and similar) graphs for the
uantitative characterisation and description of mixtures, and

hese graphs are often called “phase diagrams”.7 Applications
f phase diagrams range from mixtures of liquids that sum-
arise information about how to separate them, to properties

s

b

ed assessment in three levels.

f alloys made of three different metals, to compositions of
and and other soils as a function of geographical site. In
iology, ternary graphs are sometimes known as de Finetti
iagrams8 and, for example, are used to map population
enetics. In psychology a theory called the “triangular theory
f love” (intimacy – passion – commitment) was suggested
y Sternberg.9

What all these diverse applications of ternary graphs have
n common is that it is sufficient to characterise and quantify
he relative (percentage) composition of a ternary mixture.
or our application of ternary graphs as an assessment tool
e will need an additional step to provide a measure of an

bsolute scale for a particular set of A, B, and C: any particular
onfiguration of A, B, and C may indicate a consideration of

ome minor, or major, overall severity.

To focus the view more on the design of a ternary-graph
ased assessment tool for maxillofacial surgical patients, our
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graphically-led, interactive assessment tools.
Fig. 6. The final output screen, which nu

rst task was to collate a set of descriptors to label the ternary
raphs. This set of terms must provide a comprehensive
verview of any concerns that affected patients may have
t any given time point, in a straightforward and clutter-free
anner. We have started with a set of seven major descriptor

erms (Fig. 2).
Several aspects immediately become obvious. First, all

hese terms require some further refinement to give a proper
escription of the users’ priorities. This could either be an
ntrospective consideration, or it could provide the clinician
ith all the necessary information about acute needs or need

or referrals. For some terms one further level of refinement
ill be sufficient for clarification, and other terms may require

 third level (or even more) (Fig. 3).
Starting with a set of seven descriptor terms at the top

evel, and asking users to choose three priorities in a given
un, allows for many choices of combinations at the top level.
f these multiple options are combined with multiple further
evels of refinement, there is a huge space for combinatorics.
s it is simply based on this principle, our tool allows for
ell nigh unlimited ways for users to personalise their self-

ssessment approach while they ensure that they have to
onsider only what is relevant to them, and ignore everything
lse.

Fig. 4 shows screenshots of the assessment tool
https://laurenkt.github.io/magic-triangle/) at the top level.4

nitially the user is asked to choose three options of the top-
evel set of descriptors, and to place the cursor in the position
n the triangle that best reflects how they perceive the relative
ole and impact of these three options. To complete this step,
he user needs to adjust the position of the arrow on a slider
elow the triangle. The slider scale looks qualitative, but it
s calibrated internally on a scale of 1 to 10 (or 0 to 100%),
nd is essentially a “10 cm visual analogue scale”,10 which
llows the user to state the overall severity of impact by the
hosen three descriptor terms.

The graphical design of our assessment tool based on
quilateral triangles has been made deliberately “adult” and
bstract, which should be the least confusing way to navigate
his (or similar) tools that are also for less computer-literate
sers. An award-winning example of a well-designed, user-

eeds website is the UK government design principles one.11

(

ly summarises the results of the session.

Our tool also addresses people with “adult” problems. A
parse and abstract design avoids any unacceptable triviali-
ation of personal problems.

In Fig. 5 we have extended the assessment to two further
evels of refinement for an example of descriptor terms. In the
nal step the user can choose to repeat an overall assessment
un, or to exit the application. On exiting the application, a
ercentage numerical summary of the result is given (Fig. 6).

On a less technical note, the design of the ternary graph
ool helps the user to think in a broader, more holistic con-
ext by collapsing three options/descriptors/topics into one
ndication.

Our graphical assessment tool is not completely indepen-
ent of questionnaires and their roles in QoL research and,
ost importantly, the empowerment of patients. At this stage,
e speculate that bottom-up, “pick your own”, much less
erbally-based, assessment tools such as the ternary graph
ay well yield feedback from patients that differs from that

btained from conventional questionnaires.
We encourage readers to try the assessment tool

https://laurenkt.github.io/magic-triangle/)4 or use the source
ode (https://github.com/laurenkt/magic-triangle)3 to adapt
he tool for other applications. In either case, feedback and
iscussion about this new self-assessment approach - in the
pirit of open source-code projects - would be appreciated.

onclusions

e have shared an idea and a prototype of a tool for a new
pproach to self-assessment. Our prototype addresses spe-
ific needs for maxillofacial surgical patients by giving the
hosen set of descriptors. However, the approach is generic
nd can easily be adapted for other areas by simple changes
f the descriptor terms (and possibly number of layers of
efinement).

The graphical presentation of data and visualisation in
eneral is a major topic in contemporary computer science.
t is easy to see that there should be endless possibilities
o design and implement further intuitive and quantifiable,
Our “magic triangle” can serve as a self-assessment tool
repeatedly, over extended periods of time), for preparation in

https://laurenkt.github.io/magic-triangle/
https://laurenkt.github.io/magic-triangle/
https://github.com/laurenkt/magic-triangle
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scales as ratio scale measures for chronic and experimental pain. Pain
1983;17:45–56.

11. UK government design principles website. Available from URL:
https://www.gov.uk/design-principles Last accessed 20 April 2017.
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utpatient clinics and in research related to QoL. We suspect
here are many other potential uses, and will investigate this
urther.

onflict  of  interest

e have no conflicts of interest.

thics  statement/confirmation  of  patients’  permission

his is a theoretical concept and computer-based construct,
o no ethics approval is required. No patients were involved
n any experimentation or investigation, although some took
art in the construction of the software and the writing of the
aper.

cknowledgements

e acknowledge support of this work by the British Asso-
iation of Oral and Maxillofacial Surgeons Endowment
ommittee and two York Centre for Complex Systems Anal-
sis (YCCSA) summer scholarships.

ppendix  A.  Supplementary  data
upplementary data associated with this arti-
le can be found, in the online version, at
ttp://dx.doi.org/10.1016/j.bjoms.2017.04.011.
xillofacial Surgery 55 (2017) 679–684

eferences

1. HaNDLE-on-QoL. Available from URL:
http://www.handle-on-qol.com/Index.aspx Last accessed 20 April
2017.

2. Rogers SN. Improving quality-of-life questionnaires in head and neck
cancer. Expert Rev Qual Life Cancer Care 2016;1:61–71.

3. Alternative approach to patient quality of life questionnaires. Available
from URL: https://github.com/laurenkt/magic-triangle Last accessed 20
April 2017.

4. Alternative approach to patient quality of life questionnaires. Avail-
able from URL: https://laurenkt.github.io/magic-triangle Last accessed
20 April 2017.

5. Weightman J, Weightman D, translators. Lévi-Strauss C. Mythologies I:
the raw and the cooked. New York: Harper and Row, 1969.

6. Clarke AC. The ghost from the grand banks. London: Gollancz; 1990.
7. Hillert M. Phase equilibria, phase diagrams and phase transformations:

their thermodynamic basis. 2nd ed. Cambridge: Cambridge University
Press; 2007.

8. Edwards AW. Foundations of mathematical genetics. 2nd ed. Cambridge:
Cambridge University Press; 2000.

9. Sternberg RA. Triangular theory of love. Psychol Rev 1986;93:119–35.
0. Price DD, McGrath PA, Rafii A, et al. The validation of visual analogue

http://dx.doi.org/10.1016/j.bjoms.2017.04.011
http://www.handle-on-qol.com/Index.aspx
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0010
https://github.com/laurenkt/magic-triangle
https://laurenkt.github.io/magic-triangle
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0030
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0030
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0030
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0030
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0030
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0030
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0030
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0030
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0030
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0030
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0030
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0030
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0030
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0030
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0030
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0030
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0035
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0040
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0040
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0040
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0040
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0040
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0040
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0040
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0040
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0040
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0040
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0040
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0040
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0040
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0040
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0040
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0040
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0040
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0040
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0040
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0040
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0040
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0045
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0045
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0045
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0045
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0045
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0045
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0045
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0045
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0045
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0045
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0045
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0045
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0045
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0045
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0045
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0045
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0045
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0045
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0045
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
http://refhub.elsevier.com/S0266-4356(17)30141-9/sbref0050
https://www.gov.uk/design-principles

	Ternary graph as a questionnaire: a new approach to assessment of quality of life?
	Introduction
	Material and methods
	Discussion
	Conclusions
	Conflict of interest
	Ethics statement/confirmation of patients’ permission
	Acknowledgements
	Appendix A Supplementary data
	References


