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Chronic pain (CP) is linked to changes in cognitive function. However, little is known
about its influence on number sense, despite the fact that intact numerical-spatial
processing is a prerequisite for valid scale-based pain assessments. This study aimed
to elucidate whether number sense is changed in CP, to determine if changes have an
impact on pain assessments using pain rating scales and what patient factors might
contribute. N = 42 CP patients and n = 42 matched controls were analyzed (age range:
33–68 years). Numerical-spatial abilities were investigated by using number line tasks,
where participants either estimated the position of a given number (position marking)
or the value of a predefined mark (number naming). Pain intensity was assessed using
numerical rating (NRS), verbal rating (VRS), and visual analog (VAS) scales. Additional
measures included attention and working memory, verbal intelligence, medication and
depression. Results revealed that in number naming, patients deviated more from
expected (correct) responses than controls, and that VAS scores were significantly
higher than both NRS and VRS and correlated with deviations in position making.
Changes in number naming were predicted by pain intensity, sex and IQ but not by
attention, memory or opioid medication. This article presents new insight on which
cognitive mechanisms are influenced by CP with the focus on numerical spatial abilities.
It could therefore provide useful knowledge in developing new pain assessment tools
specifically for patients suffering from CP.

Keywords: chronic pain, number sense, pain rating scales, number line task, pain assessment

INTRODUCTION

A mutual relationship between chronic pain (CP) perception and cognitive impairments, e.g., in
attentional mechanisms, memory or executive functioning has repeatedly been reported (Wiech
et al., 2008; Moriarty et al., 2011). Tamburin et al. (2014) for instance described altered decision
making in a gambling task in patients with chronic back pain, while Oosterman et al. (2012)
found sustained attention deficits in a group of patients with different CP conditions. Further,
a recent systematic review confirmed a high likelihood for CP patients to experience moderate
memory impairments (Kolb et al., 2012; Berryman et al., 2013) described “neglect-like” symptoms
in patients with complex regional pain syndrome.
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Still, another, albeit under-recognized but potentially clinically
important cognitive modality, is the number sense. Number sense
refers to the intuitive skill to estimate and compare numerical
magnitudes and orders and is thought to be based on the
“mental number line,” a spatial representation of numbers in
the human brain. As it allows people to manipulate numbers
as well as non-numerical quantities in form of rounding and
approximations as well as exact calculations and measurements,
it is suggested to be a key basic skill in today’s societies (Dehaene,
2011). In the clinical context, number sense is essential when
scales such as the visual analog scale (VAS) or numerical rating
scale (NRS) are used to assess pain intensity. In order to produce
accurate results in those tasks, numerical-spatial abilities need to
be intact (Lichtner et al., 2015). Wolrich et al. (2014), our group
provided first evidence that this might not be the case in chronic
compared to acute pain patients, as they used higher numbers
to describe pain intensity in moderate and severe pain. Further,
using left-to-right oriented number lines, we showed that patients
compared to healthy controls deviated significantly more from
the expected numerical value when asked to mark the respective
spatial representation of a presented number on a line. However,
this study raised several additional questions which we aimed
to answer in the current study. For instance, as we only tested
number sense with traditional left-to-right number lines, training
effects could have occurred, resulting in decreased task difficulty
over time. To counteract against training and habituation and
to keep the task difficulty constant for the whole duration of
the task, we added non-conventional (e.g., right-to-left, top-to-
bottom) number lines. Further, as optical clues (landmarks) are
used every day to help with the assessment of distances and
proportions (Siegler and Opfer, 2003) the influence of these
landmarks on results of number sense tests requires additional
evaluation. It also remains elusive how other variables, which are
traditionally linked to cognitive function that might be altered
in CP conditions (such as attention, intelligence, or working
memory), could influence performance of CP patients in number
sense experiments. Finally, the impact of an altered number sense
on the accuracy of responses to clinically used pain assessment
tools needs to be evaluated.

Hence, the aims of the present study were (a) to assess
whether number sense is changed in CP patients compared to
healthy controls; (b) to assess the impact of possible number
sense changes on the accuracy of responses of pain assessment
tools; and (c) to evaluate whether changes in number sense are
associated with performance in attention, intelligence or memory
tests.

MATERIALS AND METHODS

Participants
Chronic pain (CP) patients were recruited from the pain
clinic of the Klinikum Oldenburg AöR, Germany, between
March and August 2016. In addition, healthy controls and
further patients were recruited through advertisement in a local
newspaper. To ensure that results were not biased by specific
demographic characteristics of participants, we matched pain

patients and healthy controls for sex and age (±3 years).
Inclusion criteria for patients were CP, perceived for at least
12 months (CP group), and for controls the absence of any
pain related issues (healthy controls; C). Because the direction
of the mental number line is presumed to depend on cultural
background, resulting in a left-to-right oriented representation
for persons from cultures with left-to-right reading and writing,
and from right-to-left in cultures with right-to-left reading,
respectively (Pitt and Casasanto, 2014), we only included
participants who were born and grown up in Germany. Exclusion
criteria for patients and controls were the following health
conditions: impaired kidney function, chronic liver diseases,
cancer, neurological diseases (such as dementia, epilepsy,
migraine, Parkinson’s disease, multiple sclerosis, concussion,
previous stroke), psychiatric disorders (such as schizophrenia or
major depression) or alcohol- or drug-abuse. All participants had
normal or corrected-to-normal vision and received 10e/h for
their participation. This study was carried out in accordance the
recommendations of the ICH-Good Clinical Practice Guideline
(1996). The study was approved by the ethics committee of
Carl von Ossietzky University of Oldenburg, Germany (Drs.
25/2015). All participants gave written informed consent prior to
participating in the study. Testing was conducted in the afternoon
between two and five pm in a standardized setting adjacent to the
pain clinic at Klinikum Oldenburg.

Experimental Tests and Questionnaires
Number Sense Experiments
Position marking
For this task, each participant was exposed to a total of 16 23 cm
long number lines printed on separate A4 papers. The ends of
each line were anchored with “0” and “100,” respectively. Lines
were presented horizontally (n = 8) and vertically (n = 8) with
the anchors shown in a “familiar” or “unfamiliar” order. In
“familiar” order “0” was either shown on the left of horizontal
or at the bottom of vertical number lines. This was reversed
in “unfamiliar” conditions where “0” was shown on the right
(horizontal lines) or at the top (vertical lines), respectively. Lines
were presented in random order and participants were asked to
mark each line at the position which they thought would best
represent a given number (6, 12, 17, 24, 28, 33, 37, 42, 58, 63,
67, 72, 76, 83, 88, 94) (Figure 1).

Number naming
Similar to position marking, each participant was exposed to a
total of 16 23 cm long number lines printed on separate sheets
of A4 paper. The lines were again presented either horizontally
or vertically and anchored with “0” and “100” at each end
in familiar and unfamiliar order, respectively. In contrast to
position marking, the lines in this experiment were pre-marked
and participants needed to indicate the numbers they thought
these marks represented (Figure 1). To evaluate the influence
of landmarks on the results obtained in the number naming
and position marking tasks, items were ordered according to
their distance to the nearest clue (line end anchored with 0
or 100, respectively, line mid-point). Thus, eight numbers were
categorized as “low distance” (within a 13-unit distance from the
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FIGURE 1 | Examples for the number sense tasks position marking (a1,a2),
number naming (b1,b2) and line bisection (c1,c2). a1 and b1 show a number
line arranged in a ’familiar’ left to right fashion; a2 and b2 show a line in an
’unfamiliar’ right to left way. c1 displays quantities using numeric symbols
whereas c2 uses non-symbolic dot-arrays.

landmark), and 8 as “high distance” (between 17 and 24 units
from a landmark).

Both tests were used to assess differences in numerical-spatial
processing between pain patients and healthy controls, and were
conducted as paper- and pencil tests. The outcome measure
was the mean absolute deviation from their expected responses
(MADER) as described before (Wolrich et al., 2014). In short,
responses were subtracted from their corresponding expected
values.

Line bisection
This task served as a control task to rule out possible influences
of spatial neglect on the number line tasks (Doricchi et al., 2005).
Each participant was shown four 8 cm long horizontal lines in
random order presented on separate A4 papers. Lines were either
anchored with the Arabic digits “14” and “23” at each end (item A
and B) or with two arrays of 14 and 23 dots (item C and D). The
anchors were chosen to provide a numerical interval of 9, which
according to Zorzi et al. (2002) was the distance with the highest
sensitivity to show deficits in patients with neglect. In two items
(A, C), the smaller quantity was presented on the left while in
the remaining items (B, D) it was shown on the right (Figure 1).
Participants were instructed to indicate the middle of each line

as accurately as possible. The outcome measure was the mean
deviation from the midline in mm.

Cognitive Testing
Attention and memory
Participants completed three subtests of the computerized
TAP battery 2.3 (Zimmermann and Fimm, 2012). All tests
were administered on a Dell Latitude E5550 (15.6′′, 60 Hz,
1,366× 768).

Sustained attention
This task measures control of an attentional focus and
concentration over a longer time period (15 min). Participants
were shown stimuli comprising sequences of symbols in different
color, size, and filling. If a stimulus matched the preceding
stimulus in either color or shape, the stimulus was considered
a target stimulus and the participant was instructed to press
a button as quickly as possible. An increase in the number
of omissions over time indicates a decline in the ability to
concentrate or focus on the task. Outcome measures were
the number of omissions across the whole duration of task
performance (15 min) and across each of three consecutive time
bins with a 5 min duration (0–5, 5–10, and 10–15 min).

Covert shift of attention
This task assesses the ability to shift the focus of visual attention
onto the peripheral space without changing the direction of the
gaze. Participants were briefly presented a cue (arrow) which
pointed either to the left or right-hand side of the screen until
it disappeared. This cue was intended to direct the participant’s
attention. Then, a target cross was shown either on the side which
was indicated by the cue (valid cue, 80% of presentations), or on
the opposite side (invalid cue, 20% of presentations). Participants
were instructed to respond to the target stimulus by pressing a key
as fast as possible, regardless of the validity of the cue. Outcome
measures were mean reaction times for valid and invalid cues
and for stimuli presented on the left or right side of the fixation
point.

Working memory
This task probes the ability to control continuous updating of
information flow in working memory. Participants were shown
a sequence of 100 one-digit numbers at a constant rate. They
were instructed to press a key as soon as possible whenever a
stimulus matched the one that was presented two trials before
(critical stimulus, 2-back). During the task, 15 critical stimuli
were presented. The number of omissions and errors were
recorded as outcome measures. Higher omission rates indicate a
lack of control over the flow of information whereas an increased
number of errors suggest attentional lapses.

Verbal intelligence
We used the Wortschatztest which is a standardized German
vocabulary test with good correlation to general intelligence and
education. In a multiple choice format, participants are required
to identify, in each of 42 rows, a word within five non-words
(Schmidt and Metzler, 1992). The sum of correctly identified
words (highest score: 42) is transformed into standardized IQ
scores according to the manual.
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Assessment of Pain and Depression
Pain assessment
Chronic pain (CP) patients were asked to assess the average
pain intensity which they had perceived during the last 24 h by
using the following instruments: the VAS, which is presented as
a 10 cm high pyramid with the top indicating “no pain” and
the bottom “worst pain imaginable,” an 11-point NRS, with 0
representing “no pain” and 10 “worst pain imaginable” (Breivik
et al., 2008), and a six-point verbal rating scale (VRS), that uses
“no pain,” “slight pain,” “mild pain,” “moderate pain,” “severe
pain,” and “worst pain imaginable” as verbal descriptors of pain
intensity (Brunelli et al., 2010). For analysis the six-point VRS was
converted to fit the common 0–10 scaling of the VAS and NRS
scales as described elsewhere (Breivik et al., 2008; Brunelli et al.,
2010). In short, the verbal descriptors were transformed into
numerical values (no pain = 0; mild = 1; slight = 2; moderate = 3;
severe = 4, worst pain imaginable = 5) and multiplied by 2.
Transformed results were then used for comparison with results
obtained with VAS and NRS, respectively.

Depression rating
We used the Allgemeine Depressionsskala (ADS-K) which is
the short form of the German version of the Center for
Epidemiological Studies Depression Scale (CES-D) (Radloff,
1977). The questionnaire consists of 15 items assessing depressive
symptoms during the preceding week. Each item is answered on a
four-point Likert scale with the following options: never or rarely
(<1 day), sometimes (1–2 days), often (3–4 days), and always
(5–7 days). The total score ranges from 0 to 45, and a score of
>17 is considered clinically relevant (Hautzinger et al., 2012).

Statistical Analysis
All participants with missing values were removed from the
respective analyses: one participant was excluded from analysis
of position marking, clinical pain assessment and covert shift
attention. Also due to missing data, two patients were excluded
from analysis of working memory and three from analysis of
sustained attention. One additional participant was excluded
from all number sense analyses, because of presenting as
an extreme outlier (>7 standard deviations away from the
overall mean). All analyses were performed with SPSS 24 (IBM,
Ehningen, Germany). To detect differences between groups in
cognitive function, number sense and intelligence relating to
our first research question either independent samples t-tests
or repeated measures analyses of variance (ANOVA) were
used where appropriate. Within-group analyses were performed
within the CP sample using dependent samples t-tests to
investigate differences in results of pain rating scales. For
correlation analyses we used Pearson correlation to explore the
relationship of number sense tasks with pain rating scales.

Two stepwise linear regressions with forward selection were
used to identify the relevance of demographical and cognitive
factors for number sense performance as a dependent variable.
We used the MADER for number naming overall as outcome
variable based on the observed influence of landmarks in the
position marking task. Participant demographics (age, sex, verbal
IQ, group), as well as depression (ADS-K raw score), attentional

measures (misses in the sustained attention task, validity of cue
and position of target in the covert shift of attention) and working
memory (misses) were included as predictors into the model.
A second regression analysis used pain intensity and duration,
and main pain syndrome (Table 1) to predict number sense
performance within the CP sample.

To correct for all measures of the number line tasks,
which were the primary measures of the experiment, we used
Bonferroni corrected alpha-levels of 0.005, two-sided (0.05/10).
These comprised the overall performance, as well as horizontal
and vertical lines, and lines in familiar and unfamiliar order of
the numerical anchors. Additionally, Cohen’s d effect sizes were
determined for each condition with d = 0.2 representing small
effects, d = 0.5 medium effects, and d = 0.8 large effects (Cohen,
1988). For all other tests, a p < 0.05 (two-sided) was considered
significant.

RESULTS

A total of n = 93 participants (50 controls and 43 patients) were
invited to participate, but nine participants had to be excluded
due to the following conditions: neurological or psychiatric
diseases (n = 3), technical issues (n = 1), the absence of pain for
more than 1 month (n = 1), lack of matching pain patients (n = 4).

TABLE 1 | Characteristics of participants.

Controls Chronic pain
patients

Characteristics

Sample size (n) 37 37

Gender (female) (n) (%) 27 (73) 27 (73)

Age [years]; mean (range) 53.7 (35–66) 53.5 (33–68)

Mean education∗ (SD) 1.5 (0.5) 1.3 (0.5)

Verbal IQ (SD) 105.4 (9.5) 98.0 (9.5)

Sleeping problems (past) 7 (0) 25 (3)

Duration of pain [years]; mean (range) / 17.0 (1–50)

Pain intensity∗∗ (SD) / 5.9 (1.6)

Participants on opioid medication (past)‡ / 13 (2)

Participants with depression (ADS-K score > 17) 1 17

Handedness (right, left, retrained left-handed) 35, 1, 1 32, 1, 4

(Main) pain syndromes†

Fibromyalgia / 9 (7)

Musculoskeletal back pain / 20 (19)

Cervical/cervicobrachial pain / 7 (5)

Neuropathic pain / 3 (3)

Arthralgia / 9 (6)

Abdominal pain / 2 (2)

Myalgia / 1 (0)

SD, standard deviation; ADS-K, General Depression Scale-Short form; past:
sleeping problems or opioid medication in the past. ∗Mean education refers to
a scale on 1–2, where 1 refers to education lower than secondary School, and
2 refers to a level of at least secondary school. ∗∗On an 11-point Numerical
Rating Scale (0 = no pain; 10 = worst pain imaginable) on the day of testing.
‡Opioid medication in the past. †The total amount of participants reporting different
pain syndromes. In brackets, only the corresponding main pain category of each
participant is listed.
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TABLE 2 | Comparisons of MADER for different experimental conditions using independent samples t-tests.

Tasks MADER (SD) controls MADER (SD) patients t-Value df p-Value Cohen’s d

Position marking

Overall 4.1 (1.6) 5.1 (2.0) −2.377 71 <0.05 0.55

Familiar

Horizontal 3.8 (1.8) 4.3 (2.1) −1.192 72 >0.05 0.26

Vertical 3.7 (1.9) 4.5 (2.0) −1.913 72 >0.05 0.42

Unfamiliar

Horizontal 3.9 (2.0) 5.3 (2.5) −2.636 72 <0.05 0.63

Vertical 5.1 (2.6) 6.2 (3.0) −1.653 71 >0.05 0.40

Number naming

Overall 3.4 (0.9) 4.5 (1.4) −3.854 72 <0.001∗ 0.94

Familiar

Horizontal 3.2 (1.4) 4.1 (2.5) −1.914 72 >0.05 0.45

Vertical 3.5 (1.4) 4.2 (1.5) −2.073 72 <0.05 0.49

Unfamiliar

Horizontal 3.4 (1.2) 4.5 (2.2) −2.664 56.300 <0.05 0.63

Vertical 3.5 (1.3) 5.1 (1.9) −4.270 62.385 <0.001∗ 1.00

On the left, the Mean Absolute Deviation from the Expected Respective Response (MADER) is shown for each subtask of number line experiments for controls and
pain patients. On the right, results of statistical analyses for differences between group MADERs for each experimental condition are displayed. SD, standard deviation;
∗p < 0.005 (Bonferroni-corrected alpha-level).

Thus, n = 84 (n = 42 healthy controls; n = 42 CP patients) could be
included in our final analyses. Demographic and clinical variables
of these patients and controls are depicted in Table 1. Compared
to controls (C), chronic pain patients (CP) were similar with
respect to age and sex. However, verbal IQ [t(82) = 3.990,
p < 0.001] and educational level [t(80.884) = 2.817, p = 0.006]
were significantly lower in CP patients and patients experienced
significantly more depressive symptoms than controls [MC = 5.2,
SDC = 3.8; MCP = 16.1, SDCP = 9.2; t(54.519) =−7.111, p < 0.001].

Experimental Tests and Questionnaires
Number Sense Experiments
Between-group analyses revealed that pain patients consistently
had a significantly higher MADER in the overall condition
(i.e., responses pooled across all conditions) and the vertically
unfamiliar condition of the number naming task, with large effect
sizes. Although no significant differences were observed in the
overall position marking performance between pain patients and
healthy controls, similar trends were noted here as well, with
small to median effect sizes, and a significant difference in the
horizontal unfamiliar condition (Table 2).

Evaluating the influence of landmarks on results of the
number naming task, we found that there were no differences
between high- and low-distance stimuli in both, controls
and CP patients. In position marking, however, patients

were significantly more accurate with low-distance than with
high-distance stimuli. A similar but non-significant trend was
observed for controls (Table 3).

Line bisection
We first determined whether responses differed depending on
the type of stimulus (symbolic: Arabic digits vs. non-symbolic:
dot arrays) participants were exposed to. Across all participants,
response accuracy for stimulus type was not different for lines
anchored with the smaller quantity on the right [symbolic item
B vs. non-symbolic item D; MB = 0.07, SDB = 2.3; MD = −0.06,
SDD = 2.03; t(82) = 0.531, p = 0.597] and for those anchored
with the smaller quantity on the left [symbolic item A vs.
non-symbolic item C; MA = 0.55, SDA = 2.14; MC = 0.60,
SDC = 2.18, t(82) = −0.302, p = 0.764]. As the line anchor type
did not seem to influence response accuracy, we pooled data
obtained with the small symbolic and non-symbolic quantities
on the left (MADERleft), and those obtained with the smaller
quantities on the right (MADERright). A 2× 2-repeated-measures
ANOVA was employed with group (chronic pain patients vs.
controls) as between subjects and MADER (left vs. right) as
within subject factor. Results revealed a non-significant main
effect of group [F(1) = 1.778, p = 0.186], a significant main
effect of MADER [F(1) = 15.626, p < 0.001], but no interaction
between group and MADER [F(1) = 0.178, p = 0.674; MADERleft:

TABLE 3 | MADER and dependent t-statistics for low- and high-distance stimuli of the number line estimation tasks for chronic pain patients and controls.

Number naming Position marking

MADER Low distance High distance t df p Low distance High distance t df p

MADER (SD) Controls 3.6 (1.2) 3.2 (1.2) −1.470 36 >0.05 3.9 (1.7) 4.4 (1.8) 2.087 36 <0.05

MADER (SD) Patients 4.5 (1.6) 4.5 (2.0) 0.047 36 >0.05 4.3 (1.8) 6.0 (2.5) 5.700 35 <0.001
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MCP = 0.88, SDCP = 2.32; MC = 0.29, SDC = 1.68; MADERright:
MCP = 0.24, SDCP = 1.91; MC = −0.23, SDC = 1.77], suggesting
that visual-spatial attention was not different between groups.

Clinical pain assessment and number sense
To determine possible differences between pain rating scales,
CP patients were included in a repeated measures ANOVA with
scale (VAS, VRS, NRS) as within subject factor. Results showed
a significant main effect of scale [F(2,82) = 11.834, p < 0.001,
η2

p = 0.224] (Figure 2). Post hoc dependent t-tests between
scales revealed that VAS resulted in significantly higher intensity
scores than both, NRS [t(41) = −4.250, p < 0.001] and VRS
[t(41) = −4.326, p < 0.001]. However, there was no difference
between the VRS and NRS [t(41) =−0.374, p = 0.710].

To further examine the relationship between numerical tasks
and VAS, correlation analyses including all CP patients were
employed between overall number naming and VAS scores, and
overall position marking and VAS scores. Results showed that
only deviations in position marking (r = 0.321, p < 0.05), but not
in number naming (r = 0.161, p = 0.308) were associated with
higher values in pain ratings employing VAS.

Finally, the role of opioid medication on number sense
performance was evaluated, suggesting that patients with opioid
medication performed equally well on both number naming
[n = 13; M = 4.7, SD = 1.7, t(45) = −0.922, p = 0.361] and
position marking [n = 13; M = 4.8, SD = 1.3, t(44) = 0.475,
p = 0.631] compared to patients without opioid medication
(number naming: n = 34; M = 4.2, SD = 1.3; position marking:
n = 33; M = 5.0, SD = 2.0).

Cognitive Tests
Verbal IQ
To assess the influence of verbal IQ on participants’ performance
on number sense tasks, the relationship of verbal IQ with
the MADER of position marking and number naming was
determined separately for pain patients and controls. In patients,

FIGURE 2 | The mean and standard deviation for pain intensity statements for
the three different scales. ∗∗∗p < 0.001.

both, overall number naming (r = −0.512, p < 0.01) and
overall position marking (r = −0.359, p < 0.05) correlated
negatively with IQ. However, in healthy controls (number
naming: r =−0.179, p = 0.257; position marking: r = −0.227,
p = 0.148) no such relationship could be found.

Subtests of the TAP Battery: Attention and Memory
Covert shift of attention
Results of the repeated measures ANOVA showed no significant
difference between healthy controls and CP patients [main effect
of group; F(1) = 0.110, p = 0.741] in their time to detect
left and right targets [interaction of group and validity of cue;
F(1,81) = 0.016, p = 0.899], as well as in their ability to shift their
attention to both sides [interaction of group and position of target;
F(1,81) = 0.182, p = 0.671; Table 4].

Sustained attention
Results for the main effect of group [F(1) = 1.168, p = 0.283] as
well as for the interaction of group with measurement-interval
[F(1.842,145.554) = 3.009, p = 0.057] showed no significant
differences between CP patients and healthy controls (Table 4).

Still, since there was a trend toward higher omissions
of patients compared to controls over time, we employed a
correlation analysis between the total number of omissions and
overall number naming performance (MADER). Results suggest
no significant relationship between number of omissions and
number naming performance (r = 0.173, p = 0.116).

Working memory
There were no significant differences between healthy controls
and CP patients in the number of errors [t(65.572) = −1.591,
p = 0.117] and misses [t(80) = −0.764, p = 0.447] for this task
(Table 4).

Forward Stepwise Regression Analyses
Due to the finding that number naming performance was
uninfluenced by landmarks compared to position marking

TABLE 4 | Descriptive results from the subtests of the computerized TAP battery
for chronic pain patients and controls separately.

Neuropsychological tests Controls M (SD) Chronic pain
patients M (SD)

Covert shift of attention

Valid trial–right target 317.4 (66.2) 320.3 (62.4)

Valid trial–left target 325.1 (70.6) 324.0 (71.7)

Invalid trial–right target 378.4 (91.9) 377.8 (80.4)

Invalid trial–left target 357.8 (95.9) 351.6 (75.9)

Sustained attention

Omissions 0–5 min 3.0 (3.0) 3.1 (2.5)

Omissions 5–10 min 3.0 (2.7) 4.1 (3.7)

Omissions 10–15 min 2.8 (2.6) 3.8 (3.4)

Working memory

Errors 1.9 (2.1) 2.5 (3.0)

Misses 1.3 (1.4) 1.4 (1.8)

In Covert shift of attention, values are given in milliseconds. For sustained attention
and working memory, absolute values are reported.
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experiments, only the overall MADER of the number naming
tasks was used as a dependant variable.

For the pain-unrelated regression, results showed that of all
demographic and cognitive variables, only IQ, group and sex
were included into the final model and in combination explained
29.8% (adjusted R2) variance of number naming performance
[F(3,76) = 12.172, p < 0.001] (Table 5).

For the pain-related regression within the CP sample, results
showed that out of pain duration, pain syndrome and pain
intensity, only pain intensity [F(1,40) = 9.205, p < 0.01]
significantly predicted number naming performance (adjusted
R2 = 0.167) (Table 5).

DISCUSSION

The present study aimed to assess whether number sense is
changed in CP patients compared to healthy controls. Using
different variants of a number naming and position marking
task, we found number naming to be more effective in detecting
differences between C and CP participants than position
marking. Here, patients deviated more from the expected value
compared to healthy controls, with medium to large effect
sizes. Although similar but not statistically significant trend
was observed in overall position marking, we assume that
patients were able to compensate and hence improve their
accuracy in this task through the use of landmarks. Our
results are well in line with findings of Wolrich et al. (2014),
showing impaired numerical-spatial abilities in CP patients. In
addition, based on findings indicating the successful use of
landmarks as well as unimpaired line bisection performance
in our patients, we conclude that mapping of the numerical
information onto space is affected rather than spatial processing
itself.

However, number sense assessments are new to the
research on cognitive consequences of CP (Wolrich et al.,
2014), and the use of number lines as part of a diagnostic
process to uncover clinically relevant cognitive deficits
would also be a novel approach, where further evaluation is

TABLE 5 | Overall number naming MADER regressed on different participant and
pain characteristics using two stepwise regression analyses.

Predictor β SE Standardized β t p

Participant characteristics and cognition

IQ −0.045 0.013 −0.352 −3.422 <0.01

Group 0.720 0.266 0.278 2.707 <0.01

Gender 0.663 0.282 0.222 2.353 <0.05

Constant 7.712 1.418 5.440 <0.001

Pain-related variables

Pain intensity 0.356 0.136 0.401 2.624 <0.05

Constant 2.402 0.824 2.915 <0.01

The upper panel shows results of the regression within both groups. Overall
model fit: R2 = 0.325, Adjusted R2 = 0.298. The lower panel shows results
of the regression analysis within the chronic pain sample. Overall model fit:
R2 = 0.161, Adjusted R2 = 0.137.

needed to determine the most appropriate method for use in
patients.

Pain Intensity Assessments
Although often thought of as equivalent tools in assessing
pain intensity (Breivik et al., 2008), results of our study,
together with findings from Flaherty (1996) suggest that
pain judgments obtained with VAS are higher than those
of NRS and VRS. The reasons for these observations were
unclear so far, but as VAS are similar to the position
marking task of the present study, an altered number sense
might contribute to the phenomenon. This is supported
here by the positive correlation between VAS scores and
the size of deviations in position marking. These results
therefore suggest that number sense impairments in CP
patients might be clinically relevant. Still, it remains unclear
whether number sense impairments impact pain assessment
using VAS in general, or whether increasing pain severity
leads to increasing number sense changes. The NRS and VRS
yielded similar responses, encouraging our assumption that
not the numerical or spatial dimension of the task itself,
but rather the interaction of both systems is impaired in
patients. Whether this phenomenon is associated with other
yet neglected factors (e.g., catastrophizing, arithmetic abilities)
still needs to be determined. Our results suggest it would
be advisable to assess pain intensity in CP not using only
VAS, but to administer also other scales that do not rely on
spatial-numerical processing, or to include landmarks on the
VAS to aid with correct positioning. Newly developed scales
should therefore also be tested using both an acute and a CP
sample.

Number Processing
There are two major components involved in the processing of
numbers: each number can be perceived either in cardinality
(its magnitude) or ordinality (its rank or position in a given
sequence) (for a review of both systems see Lyons et al.,
2016). Based on our results, we hypothesize that knowledge
about cardinality (e.g., needed to give an accurate NRS score)
is intact, but that patients are impaired in judging about
ordinality (e.g., number naming and position marking, VAS).
Number sense research suggests that in early childhood,
cardinality is more important and better predicts arithmetic
performance than ordinality, but that with ongoing age,
ordinality becomes more relevant (Lyons et al., 2014). In view
of this, a deficit in ordinality processing could be related
to arithmetic achievement (Goffin and Ansari, 2016). Still,
further research is needed to examine the origin and impact
of the observed effect and its relation to other cognitive
modalities.

Co-variables for Number Sense
Interestingly, we found that age, depression, pain syndrome,
and sleeping problems, as well as differences in attentional
performance and working memory did not influence results
in number sense tasks. Instead, we found group, pain
intensity, verbal IQ and sex to be predictors for the number
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naming task. Especially the relationship between number sense
impairment and lower IQ is worth mentioning as it might
help to explain the origins of number sense changes in CP.
Etherton and Tapscott (2015), for instance, hypothesized that
cognitive impairment in CP patients might not be related
to genuine pain mechanisms alone but also to comorbidities
of CP, such as depression, sedative medications or sleep
deprivation. Our results partially supported the notion of
Etherton and Tapscott, because “pain syndrome” could not
predict performance in number sense tasks. This suggests
that other mechanisms independent of the original pain
pathology are involved. However, as in our study attention
and memory were not reduced in CP and as patients with
opioid medications did not perform differently from patients
without opioids, an influence of medications on our results was
unlikely.

A possible link between IQ and CP was also supported
by Spauwen et al. (2016) who found that lower verbal IQ
was associated with the development of neuropathic pain in
patients with diabetes. Our results are in agreement with this
idea as they show a relationship between IQ and number
line performance for pain patients, and in addition show no
relationship in healthy controls. Nevertheless, further research
is needed to investigate the role of intelligence in CP. Another
possible explanation for the lower verbal IQ and concomitant
number sense impairment would be cognitive pre-aging. This
notion is supported by previous studies demonstrating slower
information processing (Lee et al., 2010) as well as reduced
attention, memory, and executive functions in CP compared
to healthy controls of the same age (Dick and Rashiq, 2007;
Solberg Nes et al., 2009). Further, studies also indicate that
the mental number line increases in accuracy over an age-
period of 11–30 years, and declines afterward (Halberda et al.,
2012). Cognitive pre-aging in CP would therefore impair number
sense through less accurate mental number representations. In
the present study, we did not find any further indicators for
cognitive pre-aging, as working memory was similar between
the groups, and patients compared to controls solely showed a
trend toward higher omissions over time in sustained attention.
However, most studies which focused on CP, assessed working
memory by using backward memory span tasks instead of
the n-back task used here. Both tasks are known to be only
weakly correlated (Conway et al., 2005). Moreover, in a study
investigating whether n-back performance shows convergent
validity with the digit span backward task, n-back performance
was found to be more strongly correlated with a test of
speeded information processing (Trail-Making Test A) than
with a non-speeded test of working memory (digit span
backward) (Miller et al., 2009). As we did not test whether CP
patients in our study are impaired in working memory span
performance, we cannot exclude that differences in number
line task performance resulted from impaired working memory
span (Kuhn and Holling, 2014; Corso, 2018). Still, both IQ
and pain intensity were significant predictors for number
naming performance and their contribution to altered number
sense abilities in CP should be further investigated in future
studies.

Study Limitations
Factors such as physical disability, catastrophizing and
polypharmacy that have been linked to cognitive performance
but were not assessed here, should be included in future
studies to determine their impact on number sense (Jorge
et al., 2009; Pedro et al., 2016; Coppieters et al., 2017).
Despite their limited value as predictors of responses to
number sense tasks here, the many different CP syndromes
included in our study may add to unexplained variance.
However, our results also show that numerical-spatial
changes are present across different painful conditions,
hence adding considerably to the evolving field of research
into the cognitive consequences of CP. Further, the
proposed association between number sense alterations
and pain intensity measurements could be criticized for
not acknowledging enough the complex nature of clinical
pain assessment (Shah et al., 2015). Although it is certainly
true that a patient’s subjective pain rating is influenced
by a variety of factors, number sense might still be an
important contributor, a notion clearly supported here.
Additionally, the influence of working memory span on
number sense performance in CP patients still needs to be
determined.

CONCLUSION

This study adds further evidence to the recently proposed
hypothesis that number sense is altered in CP patients. It
also suggests that number naming might be more sensitive
than position marking to assess these changes in patients. In
addition, as number sense changes were positively correlated
to pain intensity (VAS) ratings, our finding of an altered
number naming performance in patients might bear some
clinical relevance. Finally, despite attention and working memory
not contributing to the phenomenon, number sense changes
in CP might nevertheless be the result of complex processes
involving pain intensity judgments, sex, intelligence and possibly
the working memory span which was not measured in this
study.
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