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Abstract: Similar to the purpose of an infographic, visual-
izing spatial and qualitative sensations on a body chart is a
fast and digestible method for communicating complex
information and experiences. Further, digitizing these body
charts into an interactive medium creates unprecedented
opportunities for collecting extensive data. Moreover,
applying simple rule-based algorithms or more advanced
machine learning approaches to these charts catapults
the quantification and spatiotemporal relations of pain
and qualitative pain sensations into a new field ripe for
pioneering discoveries.
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Introduction

For the sake of brevity, pain intensity, as an analogue,
numerical or Likert score, is a noisy measure inherently
influenced by personality traits, context, prior experiences,
education, sex and more. However, the absence of such a
score in research findings can be grounds for peer rejection
or deemed unrelatable. Arguably, when someone says
they are in pain, one naturally asks ‘Where?’ before asking
‘How much?’ Subsequently, if someone expresses that
their pain is worsening, one naturally asks for a more
detailed explanation. Thus, a change in how to measure
and communicate pain has been a long time coming.

Digital body mapping

Introducing a pain drawing to map the spatial distribution
of pain is not remarkably new and shares a historical

timeline with the pain intensity score [1], yet the utilization
of the drawing is substantially less. Perhaps thismay be due
to the display size on most paper-based questionnaires, the
accompanying instructions, or the inability to quantify
the drawings quickly and accurately. Digitization of the
pain drawing at the pixel level circumvents these barriers
[2], especially when combined with easy drawing tools,
adequate drawing space, choice of qualitative descriptors,
and anatomically enriched body charts (avatars) [3, 4], as
shown in Figure 1. These methodological advances create
new possibilities to fully explore the potential of mapping
the spatial distribution of pain and qualitative pain sensa-
tions in experimental and clinical settings.

One potential advantage is that the presence of pain, or
any discomforting qualitative sensation, mapped on the
bodymay bemore straightforward to interpret than a change
in the pain intensity. The absence of pain in a previously
painful area is arguably a robust indicator of recovery. For
example, patients experiencing chronicdailyheadaches that
mapped pain in the innervation territory of the greater oc-
cipital nerve (GON) appear to benefit fromaGONblockwhen
contrasted to those with pain in other (trigeminal) territories
[5]. Conversely, the appearance of an additional pain site on
the contralateral knee in an osteoarthritus patient or the hip
in a patient with a frozen shoulder would also be of clinical
relevance, regardless of the current pain intensity score.

Automatically discerning new or separate pain sites
without bias are technically possible by creating simple rule-
based algorithms in digital mapping solutions. However, a
consensus on what constitutes a separate pain site is debat-
able. For example, undrawnneighbouring pixelsmay help to
define the border of a pain site, but how many pixels would
be sufficient for a clear separation and should the number be
modified depending on smaller or larger body regions (knee
vs. upper back)? Determining the number of pain sites can be
accomplished in questionnaire-based approaches and does
not necessitate sophisticated digital body mapping applica-
tions; however, the insight gained by digitizing the spatial
distribution of pain is unparalleled when combined with
advanced analytics [6, 7] and visualization approaches [6–9].

The image stemming fromdigital bodymapping is fitting
for machine learning approaches and shows promise for
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revealing distinct spatial distributions of pain within patient
populationswhen largedata sets are available.Boudreauand
colleagues [6], revealed three data-driven patterns of a com-
monkneepain condition knownas patellofemoral pain (PFP)
by analyzing 299 digital pain drawings [6]. Although the
findingsmaybe consideredpioneering, the real insight is that
the approach to identifying these patterns is relatively
straightforward.

Indeed, mapping the spatial distribution of pain can
easily extend to qualitative pain sensations, such as
burning, stabbing or numbness, as shown in patients with
radiating neck and back pain [7] and athletes with long-
standing groin pain [8]. The qualitative pain sensations
did not differentiate between the clinical entities in these
athletes, although the sample was relatively small and
such studies are still in infancy. Interestingly, more than
50% of the athletes with longstanding groin pain choose
qualitative descriptors when given the option rather than
pain per se when creating their digital body map [8].
Including these options in future research may lead to
additional benefits such as revealing the mechanisms
driving the discomfort, clarifying the type of the injury
(musculoskeletal vs. neuropathic), or identifying earlier
warnings that may precede pain perception.

Future directions

Mapping the distribution of pain and pain qualities can
improve communication between the patient and the

clinician [9], especially if the patient creates the drawing
[10]. Further, our earlier feasibility study demonstrated that
patients quickly learn how to map their pain and pain
qualities from home (without visiting the clinic) using the
software application Navigate Pain (Aglance Solutions,
Denmark, Figure 1) and continued to engage with the
mapping tool for three months [7]. An analysis of the user
behaviour and technology acceptance revealed that the
distribution of pain and pain qualities frequently varied, did
not always correspond with increasing or decreasing pain
intensity and was viewed positively by patients as a
communication tool [7]. Given that most people spendmore
time at work and home than in the clinic, digital body
mapping creates an unprecedented opportunity to observe
and collect time series data about the spatial distribution of
pain from patients at their leisure while simultaneously
providing a digestiblemethod for communicating otherwise
complex patient experiences.

Like paper-based equivalents, digital pain mapping
demonstrates high reliability between successive drawings
[4, 11, 12]; however, only a few longitudinal (digital) pain
mapping studies exist [7, 13–15]. These longitudinal studies
show more insight and clinical value when mapping
the spatial distribution and qualitative changes within
and between patient populations. With larger data sets,
machine learning approaches will lend the needed muscle
to identify spatiotemporal changes in distribution over time,
but theywill not beable toexplain these changes.Thus there
will be a need formetrics that reflect the spatial distribution,

Figure 1: Screenshots from the Navigate Pain software (Aglance Solutions, ApS), as displayed on a mobile device, showing the option to
select pain and multiple pain qualities, the intensity of each quality, drawing tools for maneuvering, zooming, and pen size. Before saving,
there is an option to record additional questions, such as current and usual pain intensity on a visual analogue scale—screenshots used with
permission.
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not only the area, and more research to discern the role of

mapping qualitative pain sensations to achieve these goals.

Conclusions

Today, accelerating research within pain science as a
field will heavily depend on our openness to adopt new
approaches for collecting, analyzing, and visualizing
more extensive data sets within populationswhere pain and
discomfort are significant symptoms. Extraordinary prog-
ress and applications in machine learning, such as self-
driving cars and facial recognition, which were once sci-fi
stories in our lifetime, are emerging into reality. Thus, a
repository of the spatial distribution of pain and qualitative
pain sensations, collected by digital body mapping and
analyzed using machine learning approaches, spanning
multiple diseases and conditions is clearly within reach.
What remains debatable is whether researchers within pain
science will utilize the progress of other research fronts to
overcome the longstanding battle of measuring pain in a
manner that can lead to patient and socioeconomic benefits.
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