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Abstract

Background and aims: Using a computer algorithm to 
quantify pain drawings could be useful, especially when 
large numbers of drawings need to be assessed. Whilst 
informal visual assessment of pain drawings can give clini-
cians a quick impression of the extent of pain and its loca-
tion, formal quantification of pain drawings by computer 
for research purposes is not necessarily trivial. The current 
study compared seven different approaches to quantifica-
tion in a large sample of clinical spinal pain drawings.
Methods: A large number (n = 55,720) of pain drawings 
were extracted from the SpineData database, a clinical 
registry of spinal pain patients in the Region of Southern 
Denmark. Drawings were analyzed both as pixel (raster) 
and vector based images, with different approaches based 
on the raw pain drawing, simple encircling polygons, 
convex-hull encircling polygons and discrete anatomical 
regions. Data were analyzed using principal component 
analysis, correlation and linear regression, as well as 
informal visual inspection of outlier pain drawings.
Results: Eighty-one percent of the variance could be 
explained by the first principal component, which we 
interpreted as the true score variance, i.e. the variance 
attributable to differences in pain area between individu-
als. The second principal component explained 10% of the 
variance and was loaded differentially by polygon-based 
methods and non-polygon-based methods. Correlations 

between the different approaches ranged from 0.66 to 
1.00. Some approaches correlated so strongly as to be 
interchangeable, others tended to bias area estimates sig-
nificantly. Visual inspection of outlier pain drawing indi-
cated that when the different approaches to quantification 
yielded different results, characteristic patterns could be 
identified in the style and patterns of those pain drawings.
Conclusions: The different approaches reflected the 
same underlying construct (pain area), but could not be 
relied upon to produce the same area estimates and were 
affected by the interaction between drawing style and 
quantification approach. To some extend, the “correct” 
choice of quantification method is specific to and dic-
tated by the style of each pain drawing. A differentiated 
approach is required in which the results of quantification 
and the drawing style are considered in combination. We 
provide suggestions for such differentiated approaches 
taking into account the nature of the drawing data (raster 
vs. vector) and the method of analysis (partly vs com-
pletely automated).
Implications: The chosen method of quantifying pain 
drawings in combination with the drawing style of the 
individual patient, can impact the resulting area estimate 
to a significant degree. These issues should be considered 
before undertaking computerized area estimation of pain 
drawings.

Keywords: pain drawing; quantification; spinal pain; 
back pain; pain measure; computer analysis.

1   Introduction
Pain is a complex psycho-sensory experience, which 
cannot be meaningfully quantified in only a single 
measure. Instead, different tools are used to quantify dif-
ferent aspects of the pain experience. At face value, the 
pain drawing can be used to quantify pain extent/area 
and location.

However, determining the best way to quantify pain 
drawings is not straight-forward and a number of differ-
ent methods have been described in the literature. These 
methods can be grouped as approaches based on (1) area 
approximation, and (2) number and location of anatomi-
cal regions – see Fig. 1 for illustrations. A third group of 
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2      O’Neill et al.: Computerized quantification of pain drawings

classification methods is based on specific scoring crite-
ria, in which “points” are counted on the basis of “written 
comments”, “whole-body pain”, “non-organic pain”, 
etc. These criteria are purported to indicate psychologi-
cal stress (see Ransford et al. [1]), but have been subject 
to some criticism [2–4] and they are not included in the 
current study because they do not quantify pain area as 
such.

With the first approach, approximation of the painful 
area is typically done by subdividing the pain drawing 
into a grid with squares of known size and simply count-
ing the number of involved squares. In its most basic form, 
the empty pain drawing is printed onto common “squared 
graph paper” (see Ohlund et al. [5] for an example), whilst 
other methods have overlay grids specially adapted to the 
outline of the pain drawing (see Gatchel et al. [6]). Com-
puterized analysis of digital drawings is typically per-
formed in this manner, albeit with a much larger number 
of much smaller squares (pixels). Pain drawings can be 
stored on computers in two fundamentally different file 
formats: vector-based or pixel/raster-based. Pixel-based 
analysis was employed as early as 1991 by Mann et al. [7]. 
Vector-based analysis is less common as the data capture 
and analysis processes are more complex.

The second approach, using the number and location 
of anatomical regions, also consists of counting subdivi-
sions of the pain drawing, but in this case, on the basis 
of anatomical divisions such as upper leg, lower leg, foot, 
etc. (see Margolis et al. [8] for an example). This method 

provides information about the anatomical regions 
involved in pain, rather than area as such. However, as 
each anatomical region can be weighted in accordance to 
their absolute area, it can be adapted to provide a measure 
of area as well. This does carry the potential risk of over-
estimating the area when only a minor portion of a large 
anatomical region is indicated as painful, as the entire 
area is included if any part is indicated as painful.

In a clinical setting, simple visual inspection of pain 
drawings probably suffices to get an overall impression 
of pain extent, location, etc. but for research there is a 
need to quantify pain drawings reliably. Moreover, when 
large amounts of pain drawing data have been collected 
in a digital format, it may be preferable to automate such 
quantification by use of a computer algorithm. However, 
this raises a number of potential issues:

Fig. 2 illustrates how automated analysis of pain draw-
ings using the first approach could generate misleading 
results. The left panel of the figure illustrates a “raw pain 
drawing” and includes examples of pain indicated as a 
simple line-stroke (left shoulder), an encircled area (lower 
leg) and a hatched (criss-crossed) area (lumbar region). If 
the pain drawing in Fig. 2 is quantified by area approxi-
mation (pixel counting), the encircled and hatched 
areas would be significantly underestimated as only the 
pixels in the outline would be counted. Provided the pain 
drawing is stored in an appropriate vector-based format 
this problem can be overcome to some degree by simply 
“closing” the line-stroke – i.e. by connecting the start and 

Fig. 1: Stylized examples illustrating three distinct methods for quantifying pain drawings: Estimation of area (grid/pixels), counting of 
anatomical regions and scoring methods based on criteria such as “non-organic pain”, “whole body pain”, etc. (left-to-right).

Brought to you by | University Library of Southern Denmark - Syddansk Universitetsbibliotek
Authenticated

Download Date | 12/12/19 12:36 PM
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end points of each stroke to form a simple polygon from 
which an area can be accurately calculated. As illustrated 
in the center panel of Fig. 2, this yields a good approxi-
mation for the encircled area but still underestimates the 
hatched pain area and, conversely, potentially overesti-
mates the area from the simple line. For comparison, the 
right panel of the figure illustrates a more complex vector-
based solution, which relies on calculating the “convex 
hull” polygon, i.e. the polygon with the least number 
of sides, which encapsulates the simple polygon. This 
method provides a good estimate for the hatched area but 
overestimates the encircled area of the lower leg and the 
line on the shoulder.

The simple polygon and convex hull polygon exam-
ples (of the first approach) just described require data to be 
stored in a vector-based format. Such data may not always 
be available. Furthermore, such vector-based methods 
can potentially overestimate the area if the patient draws 
repeatedly in the same area resulting in overlapping pol-
ygons – unless such overlaps are corrected for. It is not 
self-evident which method provides the best summative 
estimate of painful areas and that may depend on the par-
ticulars of the individual pain drawing.

The counting of involved anatomical regions (the 
second approach) is a lot simpler to perform but also 
has limitations. For example, if the anatomical divisions 
illustrated in the center panel of Fig. 1 were used, the pain 
indicated in the left shoulder and right lumbar region of 

Fig. 2 would yield that same result of 3 involved regions, 
despite the obvious disparity in the two areas. It would 
be tempting to solve this issue by simply subdividing the 
pain drawing into a greater number of smaller anatomi-
cal regions but in essence this would just approach a pain 
area estimation method (the first approach) with the same 
potential issues as described above.

The automated quantification of pain drawings there-
fore needs to consider these issues and potential pitfalls 
in order to generate useful data.

Principal Components Analysis is a statistical method 
that can assist in understanding whether different meas-
urement methods are measuring the same construct (a 
single dimension) or are measuring more than one dimen-
sion. Similarly, Spearmans correlations coefficients and 
the R2 from linear regression models provide informa-
tion about the co-variance between different measures. 
In the present context, these three tools were potentially 
useful for understanding if these different ways of quan-
tifying pain areas were measuring the same thing and the 
amount of similarity in their scores.

Therefore, the aim of the current study was to (a) use 
Principal Component Analysis, correlation coefficients 
and linear regression models to examine the co-variance 
between different computerized methods of quantifying 
pain drawing area, and (b) use visual inspection to iden-
tify and report where different methods of quantifying 
pain drawings yield different results.

Fig. 2: Constructed examples for illustrating potential problems when analyzing pain drawings. The left panel illustrates the raw pain 
drawing. The center panel illustrates the same drawing converted to simple, closed polygons and the right panel illustrates the convex hull 
polygons. Each method of area estimation has the potential for over- or underestimating the area.
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2   Methods

2.1   Setting

Data were extracted from the SpineData Database [9] 
(Danish Data Protection Agency ref. no. 2000-53-0037) 
which is a clinical registry of patients with spinal pain 
syndromes. The database is used at the Spine Center of 
Southern Denmark, a large specialized hospital depart-
ment in the region of Southern Denmark (total popu-
lation 1.2  million). Patient referrals come from private 
practice clinicians (general medical practitioners, chi-
ropractors and consultant medical specialists) as well 
as other hospital departments. Patients present almost 
exclusively with chronic spinal pain syndromes that 
have failed to respond sufficiently to conservative care 
in the primary care sector. All available relevant data 
was retrieved from the SpineData database for patients 
with an initial consultation between 23 February 2011 
and 18 April 2018  with no restrictions on their clinical 
presentation.

2.2   Clinical data

Data were extracted from the database on patient sex, age, 
duration of pain and typical clinical pain intensity, as well 
as the region indicated by the patient as the main clinical 
pain area (neck, mid-back or low-back).

2.3   Acquisition of pain drawing data

The SpineData questionnaire includes a 450 × 500 pixel 
digital pain drawing template (see Fig. 3) on to which 
patients can draw with their finger when using a touch-
screen, or with a computer mouse when using a regular 
computer. The computer interface was programmed 
with a fixed stroke-width of 5 pixels, i.e. a line drawn 
on the screen would have a standard width of 5 pixels, 
irrespective of whether the line was drawn using a com-
puter mouse or a touch screen interface. Patients either 
completed the questionnaire on a digital tablet in the 
waiting room before their first consultation or online 
no earlier than 48 h prior to the appointment. No data 
was recorded about the method (mouse or touch screen) 
used.

The pain drawing was stored as a scalable vector 
graphics (SVG) in extended markup language format 
(XML). The SVG code is a standard computer format for 

storing vector-based graphics, which in this case defines 
a Cartesian coordinate system (0–450 × 0–500) super-
imposed on the template pain drawing (Fig. 3). The SVG 
code therefore represents a number of drawing “strokes” 
within that coordinate system, where each stroke defines 
a continuous path from start (“pen-down”) to finish 
(“pen-up”). This is quantified as a series of x,y-coordi-
nates representing points along the stroke path. So, each 
pain drawing thus consisted of a variable number of 
strokes and each stroke was defined by a variable number 
of points in the coordinate system.

The drawing was also divided into 46 predefined 
rectangular anatomical regions roughly corresponding 
to: forehead, face, neck (right front), neck (left front), 
etc. – see Fig. 4. For each anatomical region, a simple 
unweighted dichotomous (true/false) variable was stored 
indicating whether or not the patients’ drawing involved 
that particular area. The anatomical subdivisions were 
not evident to the patients who only saw the plain pain 
drawing (Fig. 3).

2.4   Quantification of pain drawing data

Pain drawings were analyzed using two first approaches 
described in the introduction: pain area estimation 
and the counting of anatomical regions. Analysis was 

Fig. 3: The pain drawing as presented to patients.
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performed entirely by computer algorithms programmed 
in the statistical computing language R.

For each drawing, seven pain drawing variables were 
generated representing different quantification methods:

2.4.1   Pain area estimation variables

1. SVG stroke: Area was calculated based on the “raw 
data”, i.e. the actual SVG stroke definitions (with a 
stroke width of 5 pixels). So for each stroke the area 
was calculated as the combined length of the indi-
vidual line segments ×5 and the total area for each 
drawing was calculated as a simple pixel sum of the 
stroke areas.

2. Pixelated stroke: The raw SVG definitions of each pain 
drawing were converted into a pixel/raster image of 
450 × 500, in such a way that each pixel was either 
filled in or empty, i.e. without color gradients. The 
total area was calculated as the number of filled-in 
pixels.

3. SVG simple polygon: The area was calculated based 
on the SVG stroke definitions but each stroke was 
“closed” in such a way that a new, last “pen-up” 
coordinate was added as a copy of the starting “pen-
down” coordinate, thus converting strokes into sim-
ple polygons. The geometric area was calculated for 
each polygon and the total area for each drawing was 
calculated as a simple sum of polygons. The addi-
tional area stemming from the 5 pixel stroke width 
was ignored.

4. Pixelated simple polygon: Each SVG stroke definition 
was converted to a closed and filled-in polygon and 
this SVG definition was converted to a pixel image of 
450 × 500 pixels. The total area was calculated as the 
number of filled-in pixels.

5. SVG convex hull polygon: The area was calculated 
based on the convex hull method, in which the poly-
gon with the smallest number of sides was calcu-
lated to encapsulate each stroke. The total area was 
calculated as the sum of the convex hull polygon 
areas.

6. Pixelated convex hull polygon: For each SVG stroke 
definition the convex hull polygon was calculated 
as a filled-in polygon and this SVG definition was 
converted to a pixel image of 450 × 500 pixels. The 
total area was calculated as the number of filled-in 
pixels.

In this manner, the area (in pixels) was estimated based 
on: the actual raw data strokes on the pain drawing 

(Methods 1 and 2) with a standard stroke width of 5 pixels; 
the simple polygons defined by those strokes (Methods 
3 and 4); and the convex hull defined by the strokes 
(Methods 5 and 6). Methods 2, 4, and 6 (pixelated pain 
drawings) eliminated any additive effect of overlapping 
areas, whereas Methods 1, 3 and 5 (vectorized pain draw-
ings) do not. The stroke-based methods (Methods 1 and 2) 
“added” an area corresponding to a standard stroke width 
of 5 pixels (as illustrated on the patient’s screen), whereas 
the polygon-based methods (Methods 3–6) calculated the 
absolute encapsulated geometrical area with no added 
stroke width. An R script of this analysis is provided as 
Supplementary Material.

2.4.2   Anatomical regions variable

7. An estimate of the area was calculated based on the 
anatomical regions involved (retrieved directly from 
the database), weighted using the absolute area of 
each  anatomical region (see Appendix 1 and Fig. 4).

2.5  Statistical analysis 

2.5.1   Descriptive and summary statistics

Descriptive and summary statistics are presented as both 
mean and standard deviation, as well as Tukeys five 
number summary (minimum, lower quartile, median, 
upper quartile and maximum) for non-parametric 
data. Formal testing for normality was performed with 
Shapiro-Wilk test, Kolmogorov-Smirnoff test and visual 
inspection of QQplots (not presented here). The Shapiro-
Wilk test has been recommended over the Kolmogorov-
Smirnoff test which has lower power. However, with 
large data sets, the Shapiro-Wilk test is disproportion-
ately sensitive to even small deviations from the normal 
distribution and test was therefor performed on random 
samples (n = 100 and n = 1,000) of the full data set [10].

2.5.2   Principal component analysis

Principal component analysis results are summarized as 
standard deviation (sd), variance component and variable 
loading for the first two principal components. The varia-
ble loadings for the first and second principal component 
are presented on a standard principal component analysis 
plot. A scree-plot of Eigen values is presented for visual 
inspection.
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6      O’Neill et al.: Computerized quantification of pain drawings

2.5.3   Correlation and linear regression

Pair-wise comparisons of the seven pain drawing vari-
ables are quantified using correlation coefficients (Spear-
man’s ρ) and linear regression (R2 and residual SE).

2.6   Visual inspection

The 16 pain drawings with the highest degree of discrep-
ancy between the most different quantification methods 
(as indicated by principal component analysis) are pre-
sented for informal visual inspection, thereby illustrating 
those pain drawings where the choice of quantification 
method made the biggest difference.

2.7   Ethics

Under Danish law, the secondary analysis of these de-
identified registry data does not require ethics approval 
(The Act on Processing of Personal Data, December 2012, 

Section 5.2; Act on Research Ethics Review of Health 
Research Projects, October 2013, Section 14.2).

3   Results

3.1   Descriptive and summary statistics

Data from a total of 56,101 first-time visits were retrieved, 
but 381 contained coding errors in the SVG definitions 
(incomplete stroke elements), leaving 55,720 pain draw-
ings for analysis. The analyzed cohort was comprised 
of 30,912  women of mean age 50.6  years [sd = 15.4] and 
24,808 men of mean age 51.1 years [sd = 15.0].

The vast majority (76%) of patients reported low-
back pain as the primary complaint, followed by neck 
pain (17%) and lastly, mid-back pain (7%). See Table 1 for 
summary statistics of clinical pain. For summary statistics 
of pain drawings see Table 2 and Fig. 5.

As illustrated in Fig. 5, the pain drawing data distri-
bution appears skewed by a predictable flooring effect. 

Fig. 4: Anatomical subdivisions of the pain drawing.
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O’Neill et al.: Computerized quantification of pain drawings      7

Formal testing (Shapiro-Wilk and Kolmogorov-Smirnoff) 
rejected the null-hypotheses that the seven variables were 
normally distributed (all p < 0.0001).

3.2   Principal component analysis

Results of the principal component analysis (scaled) are 
presented in Tables 3 and 4 and Fig. 6. Eighty one percent 
of the variance could be explained by the first principal 
component (Table 3) and the seven variables had roughly 
equal loading on that component (0.32–0.41, see Table 4). 
The second principal component explained only 10% of 
the variance but with considerable differences in both 
magnitude and direction of loadings. A scree plot of Eigen 
values (Fig. 7) also illustrates that the data can be mean-
ingfully described by a single underlying component.

Based on the differential loading on the second prin-
cipal component, two further analyses were performed as 
indicated by that differential loading:

Analysis of the four polygon-based variables in isola-
tion indicated that the first principal component of that 
group explained 94% of the variance with equal loading 
by all four variables. The second component (only 4% 
variance) was differentially loaded by SVG based methods 
versus pixel-based methods.

Analysis of the other three variables (stroke SVG, 
stroke pixel and anatomical region) in isolation also indi-
cated a first principal component with equal loading by 
all four variables, which explained 84% of the variance. 
The second component (14% variance) was differentially 
loaded by stroke-based methods versus the method based 
on anatomical regions.

3.3   Correlations and linear regression

Pair-wise correlation coefficients (Spearmans) and linear 
regression (R2 and residual standard error) are presented 
in Table 5.

Table 1: Summary clinical statistics.

Location n Duration (days) Typical pain (NRS)

Low back 42,256 1,182 [2,242]{0; 120; 306; 1,096; 30,558} 6.0 [2.4]{0; 5; 6; 8; 10}
Mid back 4,114 1,119 [1,916]{0; 127; 365; 1,127; 17,532} 6.3 [2.2]{0; 5; 7; 8; 10}
Neck 9,350 936 [1,698]{0; 122; 292; 882; 30,542} 6.0 [2.4]{0; 5; 6; 8; 10}

Summary descriptive statistics. Duration and pain intensity is presented as mean [sd] {min, lower quartile, median, upper quartile, max}.

Table 2: Summary pain drawing statistics.

Location   Low back  Mid back  Neck

Strokes (n)   8 [10]{1; 2; 5; 9; 201}  8 [12]{1; 2; 5; 10; 226}  10 [14]{1; 3; 6; 12; 385}
Stroke (SVG)   2,177 [3,090]{5; 650; 

1,400; 2,620; 103,015}
  2,345 [3,336]{5; 655; 

1,417.5; 2,750; 54,405}
  2,539 [3,767]{5; 675; 

1,530; 3,025; 90,020}
Polygon (SVG)   1,730 [3,205]{0; 141; 

617; 1,937; 68,162}
  2,189 [4,305]{0; 142; 

712.5; 2,369; 70,891}
  1,943 [3,745]{0; 173; 773; 

2,316; 169,762}
Convex hull (SVG)   2,427 [3,920]{0; 266; 

1,105; 2,957; 94,708}
  2,918 [5,006]{0; 259; 

1,225.5; 3,531; 71,091}
  3,116 [5,282]{0; 312; 

1,478; 3,892; 206,895}
Stroke (pixel)   2,110 [2,158]{6; 709.5; 

1,590; 2,790; 42,400}
  2,195 [2,330]{6; 705; 

1,557; 2,769; 22,764}
  2,440 [2,689]{6; 753; 

1,712; 3,223; 71,164}
Polygon (pixel)   3,342 [4,020]{6; 851; 

2,175; 4,323; 76,431}
  3,678 [4,894]{6; 826; 

2,189; 4,707; 76,994}
  3,883 [4,671]{6; 924; 

2,548; 5,104; 92,719}
Convex hull (pixel)   3,840 [4,599]{6; 939; 

2,481; 5,021.5; 100,959}
  4,199 [5,543]{6; 913; 

2,458; 5,392; 77,327}
  4,687 [5,773]{6; 1,029; 

2,981.5; 6,153; 98,768}
Anatomical regions (n)   7 [5]{0; 4; 6; 9; 44}  8 [6]{0; 4; 7; 10; 44}  9 [6]{0; 5; 8; 11; 44}
Anatomical regions (pixel)   12,995 [9,046]{0; 6,950; 

10,827; 16,890; 78,778}
  12,990 [10,200]{0; 6,180; 

10,500; 16,695; 78,553}
  14,229 [10,755]{0; 7,055; 

11,376; 18,433; 78,018}

Summary statistics of pain drawings. Columns list mean [sd] {min, lower quartile, median, upper quartile, max}.
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8      O’Neill et al.: Computerized quantification of pain drawings

3.4   Visual inspection of outliers

Based on the findings of the principal component analy-
sis described above, the sum of the area quantified by the 
four polygon-based methods was calculated. Similarly, 
the sum area of the four non-polygon based methods was 
calculated and the sixteen drawings with the greatest dif-
ference in either direction were identified.

In a similar manner, we identified those drawings 
with the greatest degree of discrepancy in area between 
the two stroke-based methods and the anatomical region-
based method.

The choice of pain drawings for visual inspection was 
guided by the results of principal component analysis and 
is presented in Figs. 8–11.

Visual inspection of pain drawings with high 
degrees of discrepancy between polygon-based and 
non-polygon-based methods revealed some obvious dif-
ferences in drawing characteristics. Some patients indi-
cated their pain to be in multiple sites, by use of many 
small drawing strokes (see Fig. 8). This style of drawing 
yielded relatively large area estimates with the non-pol-
ygon-based methods, due to the standard 5-pixel width 
of each stroke and relatively small circumscribed poly-
gons. Conversely, the pain drawings with relatively large 
polygon-based area estimations (see Fig. 9) are charac-
terized by a few strokes which circumscribe relatively 

Table 3: Summary principal component analysis statistics.

PC1 PC2

Standard deviation 2.4 0.85
Proportion of variance 0.81 0.1
Cumulative proportion 0.81 0.91

Summary of Principal Component Analysis.

Table 4: Principal component analysis loadings.

Variable PC1 PC2

SVG stroke 0.32 0.56
SVG polygon 0.36 −0.51
SVG convex hull 0.40 −0.30
Pixel stroke 0.40 0.34
Pixel polygon 0.41 −0.20
Pixel convex hull 0.41 −0.15
Anatomical regions weighted 0.34 0.40

Summary of Principal Component Analysis.

Anatomy weighted
Pixel chull polygon
Pixel simple polygon
Pixel strokes
SVG chull polygon
SVG simple polygon
SVG strokes

30,000

20,000

A
re

a

10,000

0

Low back Mid back

Location

Neck

Method

Fig. 5: Box plot (non-parametric summary statistics) of pain drawing areas, by quantification method and bodily region. Outlier values have 
been omitted from plot for clarity.
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large areas, in some instances extending beyond the 
body outline.

Comparing drawings with large discrepancy between 
stroke area (pixel or SVG) and weighted anatomical region 
estimates suggest that relatively large stroke area esti-
mates are seen with many overlapping strokes within a 
relatively small anatomical area (see Fig. 10). Conversely, 
the drawings in Fig. 11 are characterized by either a few 
long strokes or a large number of small strokes, which 
include several anatomical regions.

4   Discussion

4.1   Principal component analysis

The first principal component explained most of the 
variability in the data (81%), which means that the multi-
dimensional co-variability in the data could be meaning-
fully reduced to variability in a single dimension, albeit 
with some loss of information.

The results of a principal component analysis 
requires a contextual interpretation based on an under-
standing of the underlying data [11]: As all included 
variables had very similar loadings on the first principal 
component in the three principal component analyses, 
we interpret those components to represent the true 
score variance, i.e. actual variation in pain area between 
individuals. In other words, the principal compo-
nent analysis indicates that all the employed methods 
quantify the same underlying construct: pain area. As 
mentioned, this accounted for most, but not all of the 
variation in our data.

The second principal component was loaded dif-
ferentially by the seven variables, with those relying on 
polygon-based methods (simple polygon or convex hull, 
svg or pixel based) loading in the opposite direction of 
those based on the raw drawing strokes or anatomical 
regions (the direction is arbitrary and interchangeable in 
principal component analysis). This suggests that a dis-
tinction between those groups of methods may be impor-
tant, although it still only accounts for a small degree of 
the variation (10%).

0.05

0.00

–0.05

–0.10
0.00 0.05 0.10

PC1 (80.87%)

P
C

2 
(1

0.
4%

) Location

LBP
MBP
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Fig. 6: Bi-plot of principal component analysis components 1 and 2.
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10      O’Neill et al.: Computerized quantification of pain drawings

4.2   Correlation and linear modelling

Although the different methods of quantifying pain draw-
ings generally had high coefficients of correlation (see 
Table 5), the goodness-of-fit and residual standard error 
of linear modelling suggest that different methods cannot 
be relied upon to generate the same measure of pain area.

The area estimates obtained through (weighted) 
counting of anatomical areas seem to have particularly 
low correlation and linear fit with the other methods. Table 
2 and Fig. 5 indicate that this method systematically over-
estimates the pain area, which undoubtedly is because 
the entire anatomical region is counted even when only a 
smaller portion is actually indicated as painful.
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0.2

E
ig

en
va

lu
e

0.0

4
PCA component

6

Fig. 7: Scree plot of principal component analysis Eigen values demonstrating that the pain drawing variables can be meaningfully 
encapsulated in a single underlying principal component.

Table 5: Correlations and regression.

svgStroke svgPoly svgChull pixStroke pixPoly pixChull wAnatomy

svgStroke 0.80 0.87 0.96 0.89 0.89 0.75
svgPoly 0.25 [2,794] 0.95 0.85 0.93 0.91 0.66
svgChull 0.43 [2,449] 0.85 [1,333] 0.91 0.96 0.97 0.69
pixStroke 0.73 [1,676] 0.47 [2,479] 0.66 [2,501] 0.96 0.96 0.82
pixPoly 0.40 [2,507] 0.81 [1,475] 0.88 [1,472] 0.76 [1,116] 1.00 0.79
pixChull 0.42 [2,465] 0.74 [1,725] 0.90 [1,329] 0.78 [1,060] 0.97 [724] 0.79
wAnatomy 0.36 [2,595] 0.28 [2,877] 0.38 [3,373] 0.68 [1,287] 0.57 [2,769] 0.57 [3,198]

Table of correlation and linear regression. Spearmans correlation coefficients are presented in the upper-right part of  
the table (all significant at p < 0.0001). The R2 [residual standard deviation] of a linear regression are presented in the lower-left half  
of the table.
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As there is no gold standard for quantifying pain 
drawings, it is not obvious which method(s) most accu-
rately quantifies the actual bodily extent of pain and, 
as described in the introduction, technical issues relat-
ing to the style of pain drawing may make one method 
more appropriate in some circumstances and less so in 
others.

4.3   Convex hull polygon method

The more complex method of using the convex hull 
polygon approach was included in the study to allow for 
examination of the effect of hatched areas. As discussed 
in the introduction, such pain drawings would likely 
result in significant discrepancy between that method 

Fig. 8: The sixteen pain drawings with the greatest discrepancy between polygon-based methods of area estimation (smaller area 
estimates) and non-polygon-based methods (greater area estimates). Numbers in drawing represent the area sum of the four polygon-based 
methods (P) and non-polygon-based methods (nP).
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and the simple polygon method. However, post-hoc visual 
analysis (not presented here) of the 16 drawings with the 
greatest discrepancy between simple polygon and convex 
hull polygon assessment did not reveal any such hatched 
pain drawings. We suspect the digital pain drawing inter-
face does not encourage the participant to use hatching. 
Of course, this may be different with paper-based pain 
drawings.

4.4   Visual inspection of discrepant pain 
drawings

Visual inspection of pain drawings with greater degrees 
of discrepancy in area estimates, demonstrates discern-
ible and characteristic patterns. The implication of this 
observation is, that the approach or method of area esti-
mation cannot be made blindly, but must be guided in 

Fig. 9: The sixteen pain drawings with the greatest discrepancy between polygon-based methods of area estimation (greater area 
estimates) and non-polygon-based methods (smaller area estimates). Numbers in drawing represent the area sum of the four polygon-
based methods (P) and non-polygon-based methods (nP).
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some way to allow for the _style_ of the individual pain 
drawing.

If the drawing style is not taken into consideration, 
an over- or underestimation of area in the region of 300% 
may be the result in extreme cases, such as those illus-
trated in Figs. 8–11. 

5  Conclusions
This study demonstrated that computerized analysis of 
pain drawings is possible but the choice of method for 
quantifying the painful area can impact the results. There 
is no simple answer about which method provides the 

best area estimate, as considerable over/underestimation 
of area is seen with different combinations of methodol-
ogy and drawing style.

However, convex hull polygon estimation of digital 
pain drawings can probably be omitted as the results are 
nearly identical to those of the simple polygon area esti-
mation. Also, area estimation by summation of weighted 
anatomical regions seems likely to systematically overes-
timate the area in absolute numbers, albeit its results cor-
relate well with other methods.

We suggest the following practical approach to com-
puterized quantification of pain drawings:

If pain drawings are stored as pixel/raster data, each 
drawing must be manually examined to ensure that encir-
cled areas are included in the area estimate.

Fig. 10: The sixteen pain drawings with the greatest discrepancy between methods based on raw SVG strokes (greater area estimates) 
and methods based on anatomical regions (lesser area estimates). Numbers in drawing represent the area sum of the two strokes-based 
methods (S) and anatomy-based methods (A). Two 0 values represent technical issues in data collection.
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14      O’Neill et al.: Computerized quantification of pain drawings

If pain drawings are stored as vector data, firstly cal-
culate both a simple polygon-based area estimate and an 
estimate based on the stroke area. Secondly, pragmati-
cally use visual inspection to identify those drawings 
where the two methods are discrepant and choose the 
method least likely to over/underestimate the pain area. 
Alternatively, if analysis is only to be done by a computer 
algorithm:

1. select the strokes-based estimate if the polygon-
based estimate is relatively large and number of 
strokes relatively small (corresponding to the situa-
tion in Fig. 9)

2. select the polygon-based method if the stroke-based 
estimate is relatively large and number of strokes 
relatively high (corresponding to the situation in 
Fig. 8).

Fig. 11: The sixteen pain drawings with the greatest discrepancy between methods based on raw SVG strokes (lesser area estimates) and 
methods based on anatomical regions (greater area estimates). Numbers in drawing represent the area sum of the two strokes based 
methods (S) and anatomy-based methods (A).
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Appendix 1: Weighted area of  
anatomical regions

Note Area

Front forehead 900
Front face 1,530
Front right neck 560
Front left neck 560
Front right arm 2,184
Front right chest 3,024
Front left chest 3,024
Front left arm 2,184
Front right forearm 1,620
Front right stomach 1,376
Front left stomach 1,376
Front left forearm 1,620
Front right hand 1,610
Front right groin 770
Front left groin 770
Front left hand 1,748
Front right thigh 2,800
Front left thigh 2,800
Front right leg 2,944
Front left leg 2,944
Front right foot 1,408
Front left foot 1,408
Back head 2,700
Back left neck 572
Back right neck 650
Back left arm 2,520
Back left thorasic 1,755
Back right thorasic 1,950
Back right arm 2,520
Back left forearm 1,700
Back left lower back 1,323
Back right lower back 1,470
Back right forearm 1,700
Back left hand 1,584
Back left buttock 1,760
Back right buttock 1,760
Back right hand 1,584
Back left thigh 2,800
Back right thigh 2,800
Back left calf 2,660
Back right calf 2,660
Back left foot 1,500
Back right foot 1,500
Mid back top 338
Mid back center 845
Mid back bottom 637

Weighted area of pre-defined anatomical regions.
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