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Abstract

Background: Several studies have demonstrated an association between chronic pain and impairment of cognitive capabilities.
Since the number sense is one of the cognitive ability involved in the evaluation of pain intensity using some pain measurement
tools, impairment of number sense may impact pain assessment. Therefore, the validity of number-based pain assessment tools
should be re-evaluated.
Objectives: This study aimed to determine whether number sense is altered in chronic and acute pain patients compared to healthy
subjects.
Methods: Overall, 150 participants were recruited and divided into the three groups of controls, chronic and acute pain patients.
Pain intensity was evaluated using numeric and verbal rating scales as pain assessment tools. Number sense was assessed using
number naming, number marking, and line bisection tasks. Deviation from correct answers was measured for each task.
Results: Patients with chronic pain (migraine headache) had higher pain intensity scores than acute pain subjects. Chronic pain
patients showed significant deviation from the expected responses compared to controls in the line bisection task.
Conclusions: Chronic pain patients may have impaired number sense and may differently use number-based pain assessment tools
in comparison with healthy individuals.
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1. Background

The prevalence of chronic pain has been estimated to
be about 38% of the world population (1), and chronic pain
can be costly to the patient and society (2-6). It is impor-
tant to measure pain intensity through valid and reliable
instruments, which are verbal rating (VRS), numerical rat-
ing (NRS), and visual analog scales (VAS), which are all de-
pendent on spatial cognition (7). Some researchers have
demonstrated that cognitive skills such as memory and at-
tention are impaired in chronic pain patients (8, 9).

Number sense (NS) is an intuitive skill that helps us
measure numerical and scalar magnitudes and probably
is relied on the mental and spatial representation of num-
bers in the brain. Number sense is a cognitive ability es-
sential for spatial-numerical processing, such as the assess-
ment of numerical value and measurements of scale sizes
(10). Therefore, the integrity and soundness of the NS are
important when using VAS or NRS (11, 12).

Some reports demonstrate NS may be impaired in

chronic pain patients (10, 12). As NRS and VAS are highly de-
pendent on the integrity of NS, the appropriateness of the
use of VAS and NRS in chronic pain is questioned. However,
there are some concerns about these reports as their sub-
jects had different types of chronic and acute pain condi-
tions. Chronic pain disorders have different biological na-
tures; for example, we cannot compare the NS in a patient
with diabetic polyneuropathy with a patient who has tha-
lamic pain. Moreover, findings are not consistent across
different studies.

2. Objectives

We investigated the impact of chronic and acute pain
on the NS in a more uniform population of patients allo-
cated to the three groups of chronic pain (MH) and acute
pain (post-op orthopedic) cases and controls.
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3. Methods

Experiments were carried out following the last revi-
sion of the Statement of Helsinki, 1964. All the subjects
consented to participate in this study, and the Ethics Com-
mittee of the university approved the study protocol (no.:
IR.TUMS.VCR.REC.1395.1523). We evaluated pain intensity
by NRS and VRS. NRS was an 11-point scale with 0 and 10 in-
dicating no pain and worst pain imaginable, respectively.
VRS had four pain descriptors, including none, mild, mod-
erate, and severe. We registered basal pain intensity (pain
at rest) for all the participants.

3.1. Participants

We considered three groups, including chronic pain
(MH) patients, acute pain (orthopedic) cases, and controls.
Patients’ characteristics, including age, male/female ratio,
education, and handedness (right or left) were registered
for every participant. Since the mental number line is af-
fected by reading and writing directions, all subjects were
recruited from Persian-speaking people who were fluent in
Farsi.

The inclusion criteria were: (A) chronic pain patients
with MH according to ICHD-II diagnostic criteria for at least
12 months, who were referred to our pain clinic by the neu-
rology service of the hospital; (B) acute pain patients who
had orthopedic surgery within the last 24 hours; (C) clear
mental status, Ramsay sedation scale, level 2; (D) patients
with ASA classification I-III; (E) fluency in Farsi; and (F) pa-
tients aged 18 - 70 years old. The healthy control group were
hospital staff. The exclusion criteria were: (A) history of any
type of persistent pain for the acute pain or control groups;
(B) history of any type of chronic pain for MH group other
than MH; (C) illiterate subjects or anybody who could not
perform the study; and (D) unwilling to participate in the
study.

3.2. Experiments

Two experiments were designed to assess number line
tasks, including number marking, number naming, and
line bisection tasks. Experiment 1 was for number mark-
ing and number naming tasks. It was designed to evalu-
ate subjects’ abilities to transform abstract numbers into
spatial representations on a direct line. This ability is sim-
ilar to what subjects do when they use VAS. Experiment
2 (Line-bisection task) was designed to measure the par-
ticipants’ ability to accurately recognize spatial-numerical
processes. In these tasks, the participants were evaluated
individually.

For the number marking task, a 23-cm long horizon-
tal line with two numerical anchors including 0 and 100
at each end of the line was displayed at the center of an

A4 paper (Figure 1). The line was anchored with “0” on the
left and “100” on the right side. The participants were pre-
sented with eight papers, each having a separate line and
a randomly chosen number from the following ones (6, 17,
29, 43, 52, 61, 84, and 96). On each paper, they were asked to
locate (mark) one of the eight numbers on each line, which
they estimated would be the best position for that num-
ber. The distance between 0 and their answers was mea-
sured. To measure the final number values, the measured
distances were divided by 0.23 and to evaluate the “devia-
tion from correct response”, the final number values were
subtracted from the correct numbers.

Since the parietal cortex is involved in motor function
(13), the number naming task was designed to eliminate
the possible effect of the dysfunction of the parietal cortex
on patients’ responses. Subjects were exposed to eight sep-
arate papers in random order. On each paper, there was a
23 cm long horizontal line, with numerical anchors at each
end of the line, “0” and “100” on the left and right sides, re-
spectively (Figure 1). Each line had a vertical line represent-
ing a number between 0 to 100. The subjects were asked to
estimate the number each mark indicated. Deviation from
the correct number was calculated by subtracting the cor-
rect values from the subjects’ responses.

The prefrontal and parietal cortex are complex regions
that are critical for spatial-numerical comprehension (14).
Since spatial neglect may occur in pain patients because
of the prefrontal and parietal cortex dysfunction, the line-
bisection task was conducted. For this task, subjects were
shown three separate lines with a length of 8 cm on an
A4 paper (Figure 1). The first line had no numbers on any
end; the second had “2” on the left and “9” on the right
end. The third line had “9” on the left and “2” on the right
end. We asked the participants to locate the midpoint of
the lines based on their estimation. To measure the “devi-
ation from the correct answer”, the distance between the
left end and the marked point was measured. The correct
midpoint value (4 cm) was subtracted from the response
value. The results of experiments 1 and 2 were determined
as the “mean absolute deviation from the expected (cor-
rect) response” (MADER). We checked the results of the line
bisection task simultaneously by the direction of the pre-
sented line and subject groups.

3.3. Statistics

Data were analyzed using SPSS version 25 (IBM, New
York, NY, USA). To compare continuous variables, we used
analysis of variance (ANOVA) test. Post-hoc test was per-
formed by LSD. We used Generalized Linear Models, to ad-
just the effect of covariates (e.g., education level and gen-
der). Chi-Square or Fisher’s exact tests were performed to
evaluate the relationship among categorical variables and
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Figure 1. Number marking, number naming, and line bisection tasks

between groups when appropriate. Continuous variables
were presented as mean ± S.D. The significance level was
set at P ≤ 0.05. Based on data from previous studies, when
consideringα= 0.016 and power = 0.9, then the sample size
was calculated to be about 50 subjects in each group.

4. Results

One hundred and fifty subjects were enrolled in the
study and equally distributed in three groups. Patients’
characteristics and basal pain intensity are demonstrated
in Table 1. There was no significant difference between the
three groups in the variables of age and handedness. How-
ever, education level, male/female ratio, and pain intensity
were significantly different between the groups.

The pain intensity assessed by NRS showed that 18% in
the orthopedic group (n = 9) and 66% of patients in the mi-
graine group (n = 31) selected a number equal to or greater
than 7 (Figure 2A). The pain intensity evaluated by VRS re-
vealed that 54% of orthopedic patients (n = 27) and 90%
of migraine patients (n = 45) described their pain as mod-
erate or severe (Figure 2B). The migraine group reported
higher pain intensity scores (P = 0.001).

The MADERs for each of the tasks in the three groups
are demonstrated in Table 2. Statistical analysis showed
significant differences in the line bisection task between
the migraine and control groups (P = 0.001). The MADER
of migraine group for line bisection task was significantly
higher than that in the control and orthopedic groups. The
MADERs for the number marking and naming tasks were
not significantly different between the groups.

Adjusting the effects of male/female ratio, education
level, and pain intensity by using Generalized Linear Mod-

els and ANCOVA analysis showed that the results obtained
from MADER of number marking, number naming, and
line bisection tasks were not related to the effect of these
covariates (P > 0.05). The distribution of other factors
like age and handedness was not significantly different be-
tween the groups.

We also examined the results of the line bisection task
simultaneously by the direction of the presented line and
subject groups (Table 3). When we considered the different
locations of “2” and “9” on the two ends of the presented
lines, the Bonferroni analysis showed that there was no sig-
nificant difference in MADER between the migraine and
control groups and between the orthopedic and control
groups.

5. Discussion

We evaluated the NS by line bisection, number mark-
ing, and number naming tasks in MH, acute pain, and con-
trol groups. MH patients had higher pain intensity scores
than acute pain patients. The line bisection task was signif-
icantly impaired in the MH group. However, number nam-
ing or number marking was not significantly altered in MH
patients.

Patients with MH had higher pain intensity scores than
acute pain patients in our study. This finding was in
line with the results of previous studies (10, 12). It may
have two reasons. First, chronic pain patients usually con-
sult pain clinics when their pain problem interferes with
their lives, or their pain intensity should be at least se-
vere enough to urge them to seek treatment. Second, the
available analgesics for acute pain might be more effective
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Table 1. Patients’ Characteristics and Basal Pain Intensity in the Three Groups of Studya

Orthopedic (N = 50) Migraine (N = 50) Healthy Controls (N = 50) P Value

Gender 0.020

Male 23 10 19

Female 27 40 31

Age, year (mean ± SD) 30.9 ± 13.6 36.2 ± 11.1 31.8 ± 11.8 0.113

Education 0.001

Under-diploma 19 11 5

Diploma 23 19 13

Bachelor 3 13 22

Higher education 5 7 10

Handedness 0.345

Right 47 49 48

Left 3 1 2

Pain intensity, NRS (median (interquartile range)) 3 (0 - 6) 8 (5.75 - 10) - < 0.001

Abbreviation: NRS, Numeric Rating scale.
aP < 0.05, significant difference.

Group: Orthopedic Group: Migraine

Group: MigraineGroup: Orthopedic 
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Figure 2. Distribution of the patients with different pain intensity scores assessed by A, numeric rating and B, verbal rating scales in orthopedic and migraine groups.

than chronic pain management modalities because mul-
timodal and preventive analgesia are well indicated and
administered in acute post-op pain settings (15). Conse-

quently, acute pain management could be more effective.
Nevertheless, we demonstrated that the difference in pain
intensity could not affect the results of our study in NS and
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Table 2. MADER for Number Marking, Number Naming, and Line Bisection Tasks in Each of the Three Study Groupsa , b

Groups Tasks

Number Marking P Value Number Naming P Value Line Bisection P Value

Control -2.68 ± 11.38 0.14 ± 2.22 0.410d 0.15 ± 0.60

Migraine -0.39 ± 6.64 0.187c 0.45 ± 2.55 0.410d 0.51 ± 0.44 0.001c

Orthopedic -4.87 ± 6.94 0.206c 0.81 ± 2.59 0.410d 0.30 ± 0.46 0.148c

aMADER, mean absolute deviation from the expected (correct) response.
bValues are expressed as mean ± SD.
cP value, comparison with control group (Post Hoc test, LSD).
dP value, comparison between groups (ANOVA). P < 0.05, significant difference.

Table 3. The Number of Subjects Selected the Correct, Left Side and Right Side of the Middle in Each Group for the Three Lines in Line Bisection Taska , b

Group Statistical Index
Line

_______ 2_______9 9_______2

Control

Correct point 14 (28) 8 (16) 12 (24)

Left-sided deviation 14 (28) 20 (40) 17 (34)

Right-sided deviation 22 (44) 22 (44) 21 (42)

Migraine

Correct point 17 (34) 6 (12) 8 (16.3)

Left-sided deviation 2 (4) 7 (14) 4 (8.2)

Right-sided deviation 31 (62) 37 (74) 37 (74.5)

Orthopedic

Correct point 17 (34) 13 (26) 13 (26)

Left-sided deviation 10 (20) 10 (20) 14 (28)

Right-sided deviation 23 (46) 27(54) 23 (46)

aValues are expressed as No. (%).
bP value > 0.05.

number line tasks.

Chronic pain patients use number-based assessment
tools differently from acute pain patients and healthy in-
dividuals (10, 12). Wolrich et al. (12) showed that number
marking and number naming were impaired in chronic
pain patients. Spindler et al. (10) reported number nam-
ing was altered in chronic pain patients. Our data were in
agreement with previous studies and showed that the line
bisection task was impaired in MH patients. Ultimately, the
common point between these reports is that NS may be at
least partially impaired in chronic pain patients.

NRS and VAS are dependent on spatial cognition and
require correct spatial comprehension and intact NS (16).
There are some functional and structural changes in some
brain regions of chronic pain patients that are involved in
cognitive and motor functions (6, 17). The health of NS,
which is related to intact spatial cognition, is necessary for
the correct result of these pain assessment tools. More-
over, MRI studies have demonstrated widespread func-
tional and structural alternations in several brain regions,
such as the thalamus, cingulate cortex, insula, prefrontal
and parietal cortices in almost all chronic pain patients

(14, 17, 18). Since these areas are involved in cognitive func-
tions, including spatial perception, distance comprehen-
sion, and measurement (19, 20), it has been inferred that
NS is impaired in chronic pain patients. Consequently,
chronic pain patients cannot accomplish number line
tasks similar to healthy individuals. These results may
question the appropriateness of the VAS or NRS to evalu-
ate pain intensity for chronic pain patients (10, 12). More
studies are needed to evaluate the accuracy of the number-
based pain assessment tools in chronic pain patients. Un-
til then, verbal-based assessment tools like VRS should be
more widely used.

In line bisection task, the right-sided deviation was
more in migraine patients than in both the orthopedic and
control groups for all the three lines, while the results are
nearly the same for the orthopedic and control groups. The
interesting point is that participants with right-sided devi-
ations make the largest subgroups, a result similar to what
was observed in previous studies (12).

The line bisection task is used to assess the effects
of prefrontal and parietal cortex dysfunction on spatial
neglect-like symptoms (10, 12). In our patients, the dysfunc-
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tion in migraine patients was more than in control and or-
thopedic groups. Some reports, however, have stated cog-
nitive decline and even decreased volume of gray matter
in the parietal and frontal lobes of migraine patients (21),
which can explain our results. Foti et al. (22) indicated a
discrepancy among multiple studies about the presence of
cognitive impairment in migraineurs.

Number line tasks showed inconsistent results across
different studies (10, 12). The enrolled patients in these
reports had different pain disorders that might have di-
verse biological natures. Therefore, they might have a dif-
ferent status of NS integrity or cognitive health. NS could
be impaired to different degrees in these different types
of chronic pain patients. The advantage of our study was
that our patients were recruited from one type of chronic
pain disorder (MH). Our acute pain patients were also ho-
mogenous and were recruited from one entity of acute
pain. Moreover, it has been demonstrated that impaired
NS only existed in one-third of chronic pain patients (12).
Spindler et al. (10) showed that despite the structural and
functional changes in the brain of chronic pain patients,
their cognitive function was not always affected. The intact
cognitive function could be compensated, and they might
be able to improve their accuracy in the number line tasks
(10). Besides, there is a report about a higher rate of obses-
sive/compulsive trait in MH patients (23) compared to the
general population, which brings to mind the possibility
of higher accuracy of these patients in numerical abilities.
It may explain why the number line tasks are not consis-
tent in all studies. MH patients may be able to compensate
and improve their NS-related function.

Our results could add to the present literature about
the validity of pain assessment tools in addition to the data
about the numerical-spatial abilities of patients suffering
from acute and chronic pain.

5.1. Conclusions

This study revealed that MH patients may have im-
paired NS, at least in some aspects, and may use number-
based pain assessment tools differently in comparison
with patients or healthy individuals.
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