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Digital pain extent is associated with pain 
intensity but not with pain‑related cognitions 
and disability in people with chronic 
musculoskeletal pain: a cross‑sectional study
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Abstract 

Background:  To evaluate whether digital pain extent is associated with an array of psychological factors such as 
optimism, pessimism, expectations of recovery, pain acceptance, and pain self-efficacy beliefs as well as to analyse the 
association between digital pain extent and pain intensity and pain-related disability in people with chronic musculo‑
skeletal pain.

Methods:  A descriptive cross-sectional study conducted in a primary health care setting was carried out including 
186 individuals with chronic musculoskeletal pain. Patient-reported outcomes were used to assess psychological 
factors, pain intensity, and pain-related disability. Digital pain extent was obtained from pain drawings shaded using a 
tablet and analysed using novel customized software. Multiple linear regression models were conducted to evaluate 
the association between digital pain extent and the aforementioned variables.

Results:  Digital pain extent was statistically significantly associated with pain intensity. However, digital pain extent 
was not associated with any psychological measure nor with pain-related disability. 

Discussion:  The results did not support an association between digital pain extent and psychological measures.
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Background
Globally, the financial and societal burden resulting 
from chronic musculoskeletal pain is substantial. Many 
chronic musculoskeletal pain disorders are degenera-
tive and irreversible and may increase in prevalence as a 
consequence of aging [1, 2]. Currently, chronic muscu-
loskeletal pain is the second leading cause of years lived 

with disability [3], and the associated direct and indirect 
costs are considerable across countries [4]. However, the 
low mortality rate [5] often leads to musculoskeletal dis-
orders being underappreciated and underestimated by 
health care providers and policymakers.

Widespread pain, commonly defined as a pain char-
acterized by multiple painful sites, is a common symp-
tom among individuals with chronic pain [6, 7]. It is 
considered as a common proxy to central sensitization 
[8], which is a neurophysiological phenomenon that 
encompasses neurobiological changes in dorsal horn 
neurons such as increased excitability, strengthened syn-
aptic transmission, and reduced inhibition [9]. Central 
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sensitization can be provoked by both peripheral and 
central drivers (psychological, behavioural and social 
factors) [9]. Although psychological factors and central 
sensitization are distinct, they can have a direct influence 
on the nervous system [9], and, thus, their role must be 
considered.

Widespread pain can be estimated using a validated 
pain site checklist [10, 11], or more recently by the digi-
talization of pain drawings. Notably, digital pain drawing 
allows higher accuracy in defining the pain distribution 
and moreover the quantification of “pain extent” [12], a 
measure that cannot be performed using the traditional 
paper and pencil approach. The digital pain extent, as 
an intrinsic characteristic of somatic pain is usually 
expressed as a percentage of the area of a body chart 
[10], has been positively associated with pain intensity 
in different populations including low back pain [13], 
neck pain [13], fibromyalgia [14], migraine [15] as well as 
musicians with playing-related musculoskeletal disorders 
[16]. Some observational studies have also shown that a 
larger digital pain extent is associated with physical dis-
ability and negative psychological states such as depres-
sion in people with chronic neck pain [17] or chronic 
whiplash-associated disorders [18]. Psychological factors 
are key in the onset and maintenance of persistent pain 
(e.g., musculoskeletal pain) [19]. However, systematic 
reviews have found that the association between different 
methods of pain extent evaluation and psychological fac-
tors (e.g., depression) is weak (strength of the evidence) 
or inconclusive ( both positive and negative associations) 
[20, 21].

Pain research have mainly focused on evaluating the 
association between pain extent and negative psycho-
logical states such as anxiety, distress, hypochondriasis, 
hysteria, kinesiophobia, pain catastrophizing, and soma-
tization [20, 21]. Nevertheless, the role that psychological 
protective factors (i.e., general self-efficacy) play in how 
people with chronic pain perceive the extension of that 
pain undergone limited evaluation [20, 21]. Resilience, a 
psychological protective factor, has been associated with 
widespread pain sensitivity in participants with shoulder 
pain [8].Expectations of recovery, optimism, pain accept-
ance, and pain self-efficacy are involved in widespread 
pain conditions such as fibromyalgia [22–25]. To our 
knowledge, no observational studies have analysed the 
potential association between these psychological pro-
tective factors and digital pain extent in chronic muscu-
loskeletal pain.

This cross-sectional study sought to evaluate whether 
digital pain extent is related to optimism, pessimism, 
expectations of recovery, pain acceptance, and pain self-
efficacy in people with chronic musculoskeletal pain. 
The potential association between digital pain extent and 

pain intensity and pain-related disability has been also 
analysed. A larger digital pain extent was hypothesised 
to be associated with more pessimism and lower levels 
of optimism, expectations of recovery, pain acceptance, 
pain self-efficacy beliefs. Additionally, a greater digital 
pain extent was also hypothesised to be related to higher 
levels of pain intensity and pain-related disability. This 
study may provide both clinicians and researchers a new 
insight on the relationships that some protective psycho-
logical factors may have on pain extent in people with 
chronic MSK pain.

Methods
Study design
This cross-sectional study followed the same methodol-
ogy as a previous cross-sectional study which evaluated 
the role that psychological protective factors play in 
chronic pain intensity and pain interference [26]. Ethi-
cal approval was granted by the local Ethics Committee. 
Detailed information about study design, participants 
and setting, and eligibility criteria can be consulted else-
where [26].

Participants
Briefly, individuals with a diagnosis of chronic musculo-
skeletal pain (MSK) pain [27] were recruited from four 
primary care centers in the province of Malaga, Spain, 
from September 2017 to December 2018. Inclusion crite-
ria: (i) people with a diagnosis of chronic MSK pain [27]; 
aged 18 or older. Exclusion criteria: a history of muscu-
loskeletal trauma (e.g., fracture); [ii] postoperative mus-
culoskeletal pain during the previous six months; [iii] 
musculoskeletal pain suspected to be originated from 
neurological (e.g., stroke), neoplastic (e.g., breast cancer) 
and/or referred pain (e.g., visceral referred pain) and; [iv] 
participants unable to provide written informed consent.

Variables
Outcome measures (Dependent variables).

The dependent variables are described as follows:

1.	 Chronic pain intensity and pain-related disability: 
they were evaluated by the Chronic Pain Grade Scale 
(CPGS), Spanish version [28]. This questionnaire 
presents two subscales (pain intensity and pain inter-
ference), with both ranging from 0–30. Higher scores 
reflect more pain intensity and more pain interfer-
ence (disability).

2.	 Expectations of recovery were assessed using the fol-
lowing self-reported tool: the Expectations for Com-
plementary and Alternative Medicine Treatments 
(EXPECT) [29]. This self-reported tool was designed 
to evaluate expectations associated with treatment, 
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presenting high internal consistency and moder-
ate test–retest reliability in people with chronic pain 
[29].

3.	 Pain acceptance was assessed by the 20-item Chronic 
Pain Acceptance Questionnaire (CPAQ), Spanish 
version [30]. Values range from 0 to 120, with lower 
scores showing less pain acceptance.

4.	 Optimism and pessimism were evaluated by the 
10-item version of the Life Orientation Test-Revised 
(LOT-R), Spanish version [31], with higher values 
reflecting more optimism and pessimism.

5.	 Pain self-efficacy was measured by the 10-item Pain 
Self-Efficacy Questionnaire (PSEQ) [32]. The total 
score can range from 0 to 60, with higher scores 
reflecting more pain self-efficacy.

More information about these dependant variables are 
reported elsewhere [26].

Independent variables
The independent variables were digital pain extent (inde-
pendent variable of interest), gender, age, height, dura-
tion of symptoms, comorbidity, educational level, current 
treatment, and professional status (covariate). Most of 
the aforementioned covariates were chosen based on 
their potential role shown in previous studies [33]. Spe-
cifically, digital pain extent was evaluated as follows: 
participants were instructed to report their pain extent 
using a tablet (iPad Air2, Apple computer, CA, USA). 
A custom web application (Pain Sketch V2.0.6) was 
installed on the tablet to provide the possibility of sketch-
ing the pain areas on four different body charts (frontal 
male view, dorsal male view, frontal female view, dorsal 
female view). The pain drawings were completed using a 
stylus pen with a standardized stroke. Participants were 
asked to shade, as precisely as possible, their usual pain 
regardless of the type and intensity of pain. Digital pain 
extent was computed for each digital body chart as the 
sum of the pixels and expressed as a percentage of the 
total body chart area. Pain frequency maps were also cre-
ated to illustrate where the participants most frequently 
reported pain. Any shading outside of the body chart 
borders was excluded from the analysis. The reliability of 
the described procedures has been described in previous 
publications [13, 34].

Sample size calculation
We estimated a priori a sample size of 180 people with 
chronic musculoskeletal pain. The calculation was esti-
mated regarding the assumption of 15 individuals per 
each factor that was considered to be needed to include 
in the multiple linear regression model (chronic pain 
intensity, pain-related disability, expectations of recovery, 

pain acceptance, pain self-efficacy, age, gender, height, 
comorbidity, educational level, duration of symptoms, 
current treatment, professional status) [35].

Statistical analysis
Descriptive analyses and topographic pain descriptions 
using pain frequency maps were developed. Spearman 
correlation co-efficients were used to observe potential 
correlations between digital pain extent and the factors 
above mentioned (i.e., pain self-efficacy). Factors that 
significantly correlated with digital pain extent were 
included in a multiple linear regression model. Gender, 
age, height, duration of symptoms, comorbidity, educa-
tional level, current treatment, and professional status 
were included as covariates. The ordinary least squares 
method was applied [36]. A Python script, supported by 
the stats model package was used to perform the data 
analysis [37]. Statistical significance was set at P < 0.05 for 
all analyses.

Results
Baseline demographic and clinical characteristics
A total of 186 individuals with chronic musculoskel-
etal pain participated (71.5% female). The mean age of 
the sample was 52.7 (SD 10.6) years. Almost 90% of the 
sample reported musculoskeletal pain for more than 
12 months. Many participants self-reported that low back 
pain was the main pain location with which they visited 
a health care professional. Table  1 presents descriptive 
information about the whole sample.

Additionally, the pain frequency maps (frontal and dor-
sal) by gender (female and male), are presented in Figs. 1 
and 2.

Univariate associations between digital pain extent 
and psychological factors, pain intensity, and pain‑related 
disability
The correlation analysis showed that a larger digital 
pain extent was significantly associated with higher pain 
intensity, pain-related disability, and pain acceptance. 
Furthermore, a larger digital pain extent was significantly 
associated with lower pain self-efficacy beliefs (Table 2).

Multiple linear regression model
The multiple linear regression model evaluating the asso-
ciation between digital pain extent (independent vari-
able of interest), psychological factors and pain-related 
variables GCPS Pain, GCPS Disability, CPAQ, PSEQ 
(dependent variables) is presented in Table  3. Gender, 
age, height, duration of symptoms, comorbidity, edu-
cational level, current treatment and professional status 
were included as covariate. A multiple linear regression 
model is provided for each dependent variable. Variance 
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inflation factor (VIF) scores were all below “3” show-
ing that there is no significant multicollinearity between 
any pair of independent variables (Table 4) [38]. A larger 
digital pain extent was only significantly associated with 
higher pain intensity after controlling for multiple covari-
ates. The predictive value for each variable of interest was 
as follows: GCPS-Pain intensity R2 adj = 0.38; GCPS-Pain-
related disability R2 adj = 0.39; CPAQ R2 adj = 0.02; PSEQ 
R2 adj = 0.14.

Discussion
This is the first study analysing the association between 
digital pain extent and some protective psychological 
factors in a wide sample of mixed chronic musculoskel-
etal pain conditions. The objective of this cross-sectional 
study was to analyse the potential associations between 
digital pain extent and some protective psychological fac-
tors as well as pain intensity and pain-related disability 
in people with chronic musculoskeletal pain. Contrary 
to our hypothesis, digital pain extent was not associated 
with any psychological measures or pain-related dis-
ability, after a multilinear regression analysis controlling 
for multiple covariates. Our results, however, did show 
that people perceiving a larger digital pain extent report 
higher pain intensity. Previous literature has reported 
some discrepancies when the association between digital 
pain extent and pain intensity is examined. For example, 
Barbero et al. reported that a larger digital pain extent is 
associated with greater pain intensity in chronic condi-
tions such as fibromyalgia [14], neck pain [13], low back 
pain [13], and migraine [15]. On the other hand, Fuen-
salida-Novo et  al. [39], Fernandez-de-las-Peñas et  al. 
[40], and Fernandez-de-las-Peñas et al. b [41] found that 
digital pain extent was not related to pain intensity in 
episodic cluster headache, episodic migraine, and car-
pal tunnel syndrome, respectively. This inconsistency 
between results could be explained by the differing pain 
mechanisms for each condition. Chronic musculoskeletal 
conditions are frequently implicated with “nociplastic” 
pain [42] whereas conditions such as carpal tunnel syn-
drome is a typical example of neuropathic pain. Similarly, 
Uthaikhup et  al. [15] reported no correlation between 
digital pain extent and intensity in patients with episodic 
migraine. Notably, in the same study, a moderate posi-
tive correlation was demonstrated in the case of chronic 
migraine. The temporal persistence of pain symptoms 
may be another element implicated in the somatic 
spreading of pain (i.e., pain extent).

Psychological Factors are Involved in the Onset and/or 
Persistence of Musculoskeletal Pain [19]. Discrepancies 
have been also reported when the association between 
pain extent and pain-related cognitions and emotions has 
been evaluated. For example, Falla et  al. [18] concluded 

Table 1  Sample characteristics

GCPS Chronic Pain Grade Scale, PSEQ Pain Self-efficacy questionnaire, LOT-R Life 
Orientation Test-Revised, CPAQ Chronic Pain Acceptance Questionnaire

Variable Mean (SD) n (%)

  Age (years) 53 (10.6)

  Male 53 (28.5)

  Female 133 (71.5)

  Height (cm) 165 (10)

Education level
  Very low 8 (4.3)

  Low 50 (26.9)

  Medium 72 (38.7)

  High 47 (25.3)

  Very high 7 (3.8)

Employment status
  Working 73 (39.2)

  Unemployment 28 (15.1)

  Sick leave 14 (7.5)

  Retirement 30 (16.1)

  Housework 39 (21)

Health status
  Presence of co-morbidities (yes/no question) 103 (55.4)

Current treatment
  No treatment 41 (22)

  Pharmacological 18 (9.7)

  Injection 0 (0)

  Physiotherapy 117 (62.9)

  Other treatments 8 (4.3)

Pain
  Pain extent of the total body chart area (%) 4.8 (6.5)

  Pain duration, 3–6 months 12 (6.5)

  Pain duration, 6–12 months 12 (6.5)

  Pain duration, > 12 months 162 (87)

  Low back pain 78 (41.9)

  Neck pain 43 (23.1)

  Shoulder pain 44 (23.7)

  Knee osteoarthritis 3 (1.6)

  Hip osteoarthritis 8 (4.3)

  Fibromyalgia 2 (1.1)

  Thoracic pain 2 (1.1)

  Wrist pain 1 (0.5)

  Ankle pain 5 (2.7)

  Elbow pain 1 (0.5)

PROMs (patient reported outcome measures)
  GCPS, pain intensity (0–100) 58.3(22.1)

  GCPS, pain-related disability (0–100) 45.2 (30.3)

  PSEQ, pain self-efficacy (0–60) 38.8(15.5)

  EXPECT, expectations of recovery (0–40) 25.9 (10.3)

  LOT-R, optimism (0–12) 7.5 (3.8)

  LOT-R, pessimism (0–12) 4.1 (3.1)

  CPAQ, pain acceptance (0–120) 69.8 (14.1)
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that greater self-efficacy beliefs are associated with lesser 
digital pain extent among individuals with whiplash-asso-
ciated disorders. However, our study did not find any sig-
nificant association between digital pain extent and pain 
self-efficacy in a cohort of mixed chronic musculoskeletal 
pain disorders. One possible explanation for this differ-
ence could relate to the specific measure of self-efficacy. 
Falla et al. [18] used the Self-Efficacy Scale [43] whereas 
our study used the Pain Self-Efficacy Questionnaire [44] 
which just recently, was recommended as the gold stand-
ard to assess pain self-efficacy beliefs in people with 
musculoskeletal disorders [45]. Discrepancies in terms 
of pain catastrophizing have also been detected. Willett 
et  al. [46] found an association between larger digital 
pain extent and more pain catastrophizing in people with 
hip osteoarthritis although this association was not dem-
onstrated in people with whiplash-associated disorders 
[18]. Additionally, our study and a previous study [18] did 
not identify associations between digital pain extent and 
a broad list of pain-related cognitions and emotions such 
as pain acceptance, optimism, pessimism, expectations of 
recovery, kinesiophobia, and/or pain catastrophizing.

The comparison of our results with the results from 
studies using different methodologies to measure pain 
extent should also be considered. For example, Gerdle 

et al. [47] analysed spatial extent of pain in a large num-
ber of patients with chronic pain (n = 39,916). Pain extent 
was assessed by evaluating the presence of pain in thirty-
six predefined anatomical areas. They found an asso-
ciation between pain intensity and pain extent which is 
consistent with our results. On the contrary, they found 
associations between anxiety-depression and pain extent, 
which contrasts to our findings as we have shown a lack 
of association between digital pain extent and some pro-
tective psychological factors. The heterogeneity between 
methods of evaluation, sample characteristics, psycho-
logical variables analysed, and study design likely explain 
this discrepancy.

Clinical implications
The number of pain sites reported by people with 
chronic musculoskeletal pain has potentially relevant 
implications for clinical practice. Digital assessment of 
pain extent could have a diagnostic value for identify-
ing somatosensory patterns/profiles related to altered 
nociception [12]. The value that widespread pain has 
as an indicator of the psychological status of a person 
with MSK pain, remains unclear. While some studies 
have shown some association between them, others 
have found weak associations [21]. The results of this 

Fig. 1  Pain frequency maps by gender (frontal). Perc Subjs: percentage of subjects; Subjs N: number of subjects
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cross-sectional study do not support its use when the 
association between digital pain extent and psychologi-
cal measures is evaluated. This is in line with previous 
systematic reviews analysing this association [20, 21]. 
Based on our results, we cannot conclude that a wide-
spread pain in a patient with chronic MSK pain can 
alert clinicians to consider a psychological screening.

Future research
A previous scoping review showed that digital pain 
extent is more associated with patient-reported out-
comes among individuals with persistent musculo-
skeletal pain rather than other chronic pain conditions 
such as migraine. However, our sample included people 
with chronic musculoskeletal pain only and a lack of 
association was found for most of the variables of inter-
est. To further examine this discrepancy, future studies 
should: (i) evaluate the association between digital pain 
extent and a broad list of biopsychosocial factors in 
people with persistent musculoskeletal pain and com-
pare the findings with other chronic pain conditions 
such as neuropathic pain and headache; (ii) analyse the 
association between digital pain extent and psychologi-
cal factors using longitudinal designs; (iii) test the role 
that different biopsychosocial factors may play as medi-
ators/moderators of the association between digital 
pain extent and pain-related cognitions and emotions 
among individuals with chronic musculoskeletal pain; 
(iv) to explore differences and similarities between 
tools used to evaluate pain extent to determine the 
most appropriate tool for use in research settings.

Fig. 2  Pain frequency maps by gender (dorsal). Perc Subjs: percentage of subjects; Subjs N: number of subjects

Table 2  Univariate associations between digital pain extent and 
psychological factors, pain intensity, and pain-related disability

GCPS Chronic Pain Grade Scale, PSEQ Pain Self-efficacy questionnaire, LOT-R 
Life Orientation Test-Revised, CPAQ Chronic Pain Acceptance Questionnaire. *: 
p < 0.05; **: p < 0.01; ***: p < 0.001

Variable The correlation 
co-efficient (p)

Digital pain extent

GCPS, pain intensity (0–100) 0.38***

GCPS, pain-related disability (0–100) 0.33***

PSEQ, (0–60) -0.18*

EXPECT (0–40) -0.13

LOT-R, optimism (0–12) -0.01

LOT-R, pessimism (0–12) 0.03

CPAQ (0–120) 0.09*
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Table 3  Multiple linear regression model (first line: coefficient; second line: standard error; third line: 95% confidence interval)

GCPS Chronic Pain Grade Scale, PSEQ Pain Self-efficacy questionnaire, CPAQ Chronic Pain Acceptance Questionnaire
* : p < 0.05; **: p < 0.01; ***: p < 0.001

GCPS Pain GCPS Disability CPAQ PSEQ

Constant (intercept) 46.90 -60.10 68.48* -28.27

(43.85) (60.50) (32.44) (36.29)

[-39.83, 133.62] [-180.64, 58.65] [4.32, 132.65] [-100.04, 43.50]

Digital pain extent 1.24* 0.85 0.44 -0.38

(0.48) (0.67) (0.36) (0.40)

[0.28, 2.19] [-0.47, 2.17] [-0.27, 1.15] [-1.17, 0.41]

Gender 2.95 9.47 0.18 6.17

(4.66) (6.42) (3.45) (3.85)

[-6.26, 12.16] [-3.24, 22.18] [-6.64, 6.99] [-1.45, 13.79]

Age -0.22 -0.27 0.08 0.13

(0.17) (0.24) (0.13) (0.14)

[-0.56, 0.12] [-0.74, 0.20] [-0.17, 0.33] [-0.15, 0.41]

Height 9.89 69.70* -3.67 33.23

(24.24) (33.45) (17.94) (20.06)

[-38.06, 57.84] [3.55, 135.85] [-39.14, 31.80] [-6.45, 72.90]

Duration of symptoms 0.98 -7.75 2.06 1.99

(2.93) (4.04) (2.17) (2.43)

[-4.82, 6.78] [-15.75, 0.25] [-2.23, 6.35] [-2.81, 6.79]

Comorbidity -0.19 -0.88 3.25 -0.20

(2.93) (4.04) (2.17) (2.42)

[-5.99, 5.60] [-8.88, 7.11] [-1.04, 7.54] [-4.99, 4.60]

Educational level -8.10*** -9.65*** -2.09 3.02*

(1.72) (2.37) (1.27) (1.42)

[-11.50, -4.70] [-14.34, -4.96] [-4.61, 0.42] [0.20, 5.83]

Current treatment

Pharmacological 7.87 24.01* -2.91 -8.48

(5.92) (8.16) (4.38) (4.90)

[-3.83, 19.57] [7.87, 40.15] [-11.57, 5.74] [-18.16, 1.20]

Physiotherapy 16.11*** 30.70*** 0.20 -10.38*

(3.89) (5.37) (2.88) (3.22)

[8.42, 23.81] [20.09, 41.32] [-5.49, 5.90] [-16.75, -4.01]

Other treatments 13.23 30.08** -2.67 -4.50

(7.00) (9.66) (5.18) (5.79)

[-0.61, 27.07] [10.98, 49.17] [-12.92, 7.57] [-15.96, 6.95]

Employment Status

Housework 3.97 6.35 1.62 -1.90

(4.27) (5.90) (3.16) (3.54)

[-4.48, 12.42] [-5.31, 18.00] [-4.62, 7.87] [-8.89, 5.09]

Retirement -0.19 14.93* 4.30 -1.92

(4.76) (6.57) (3.52) (3.94)

[-9.60, 9.23] [1.94, 27.93] [-2.67, 11.26] [-9.72, 5.87]

Sick leave 23.35** 31.79** -2.06 -10.50

(6.24) (8.61) (4.62) (5.16)

[11.01, 35.69] [14.77, 48.82] [-11.19, 7.07] [-20.71, -0.29]

Unemployment 4.19 3.66 -2.86 -2.50

(4.60) (6.35) (3.41) (3.81)

[-4.91, 13.30] [-8.90, 16.22] [-9.60, 3.87] [-10.03, 5.03]
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Limitations of the study
First, due to the cross-sectional nature of the current 
study, we are unable to establish any causal relationship 
between digital pain extent and the psychological factors 
assessed as well as pain intensity and pain-related disabil-
ity. Second, most of the sample reported low back pain, 
and the results of the present study may underestimate 
the association between digital pain extent and psycho-
logical measures in other musculoskeletal pain locations. 
Third, other relevant protective psychological factors 
such as psychological flexibility, pain-related resilience, 
or sense coherence were not explored and could play a 
role in the association with digital pain extent. Fourth, 
persistent pain is often associated with comorbidities. 
We evaluated the presence or not of comorbidities in 
the present sample. However, the specific comorbidities 
that existed for each participant were not meticulously 
reported and therefore, they were not included in the 
data analyses. Fifth, the self-reported tool that was used 
to evaluate expectations of recovery was designed to 
assess expectations of treatment. This could explain the 
lack of association between expectations and digital pain 
extent. Sixth, a recent definition for chronic pain -chronic 
primary/secondary pain- has been published [48, 49]. 
This definition is later than our eligibility criteria pro-
cess. We used the criteria proposed by the ACTTION-
American Pain Society Pain Taxonomy [27]. However, 
some musculoskeletal clinical conditions that are consid-
ered in this novel definition may have been missed (i.e., 
persistent musculoskeletal pain related to disease of the 

nervous system -multiple sclerosis-) [49]. Finally, the 
evaluation method used in this study (digital pain extent), 
may limit replication of this study, as an electronic device 
(e.g., tablet) and a specific software (pain sketch in this 
case) are needed. Likewise, literacy with digital tools was 
not evaluated among patients, thus, this could introduce 
any bias in the study. This should inspire, as mentioned 
above, studies to determine the best tool to evaluate the 
presence of widespread pain and its location reported by 
patients with chronic pain.

Conclusions
This cross-sectional study showed that a larger digital 
pain extent is associated with higher pain intensity in 
people with chronic musculoskeletal pain. However, the 
results did not support an association between digital 
pain extent and psychological measures as well as pain-
related disability.

Abbreviations
PROMs: Patient reported outcome measures; EXPECT: Expectations for Com‑
plementary and Alternative Medicine Treatments; GCPS: Chronic pain grade 
questionnaire; CPAQ: Chronic Pain Acceptance Questionnaire; PSEQ: Pain 
Self-Efficacy Questionnaire; LOT-R: Life Orientation Test-Revised; VIF: Variance 
inflation factor.

Acknowledgements
The authors would like to express their gratitude to the University of Malaga 
for their support through the postdoctoral grant obtained by JM-C.

Authors’ contributions
All authors contributed to the work presented in this paper. AL-S, DF and MB 
participated in the conception and design of the manuscript. MF-C, JM-C 
and CP-G contributed to the drafting of the manuscript and conducted data 
collection. DM and VG extracted and analysed the data. All the authors dis‑
cussed the results and study procedures, contributing extensively to the work 
presented in this manuscript, and approved the final version.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Availability of data and material
All data relevant to the study are included in the article or are available are 
available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Malaga, Spain. Before 
starting any procedure, all participants received written information about the 
study and signed an informed consent.

Consent for publication
Not applicable.

Competing interests
All authors state that they have no conflicts of interest to declare.

Author details
1 Facultad de Ciencias de La Salud, Departamento de Fisioterapia, Universidad 
de Malaga, Malaga, Spain. 2 Instituto de Investigación Biomédica de Málaga 
(IBIMA), Malaga, Spain. 3 Centre of Precision Rehabilitation for Spinal Pain 

Table 4  Variance inflation factors (VIF) showing the correlation 
among independent variables. VIF scores were all below 3 
indicating that multicollinearity was not an issue

VIF

Digital Pain extent 1,14

Gender 2,25

Age 1,74

Height 1,97

Duration of symptoms 1,17

Comorbidity 1,08

Educational level 1,35

Current treatment

  Other treatments 1,23

  Pharmacological 1,48

  Physiotherapy 1,79

Professional status

  Housework 1,63

  Retirement 1,67

  Sick leave 1,21

  Unemployment 1,27



Page 9 of 10Luque‑Suarez et al. BMC Musculoskeletal Disorders          (2022) 23:727 	

(CPR Spine), School of Sport, Exercise and Rehabilitation Sciences, College 
of Life and Environmental Sciences, University of Birmingham, Birmingham, 
UK. 4 Rehabilitation Research Laboratory 2rLab, Department of Business 
Economics, Health and Social Care, Sciences and Arts of Southern Switzerland, 
University of Applied, Manno/Landquart, Switzerland. 5 Istituto Dalle Molle 
Di Studi Sull’Intelligenza Artificiale (IDSIA), Scuola Universitaria Professionale 
Della Svizzera Italiana (SUPSI), Università Della Svizzera Italiana (USI), Lugano, 
Switzerland. 

Received: 5 September 2021   Accepted: 26 July 2022

References
	1.	 Woolf AD, Akesson K. Understanding the burden of musculoskeletal con‑

ditions. The burden is huge and not reflected in national health priorities. 
BMJ (Clinical research ed). 2001;322:1079–80.

	2.	 Blyth FM, Briggs AM, Schneider CH, Hoy DG, March LM. The global 
burden of musculoskeletal pain-where to from here? Am J Public Health. 
2019;109(1):35–40.

	3.	 Sebbag E, Felten R, Sagez F, Sibilia J, Devilliers H, Arnaud L. The world-
wide burden of musculoskeletal diseases: a systematic analysis of the 
world health organization burden of diseases database. Ann Rheum Dis. 
2019;78(6):844–8.

	4.	 Lubeck DP. The costs of musculoskeletal disease: health needs 
assessment and health economics. Best Pract Res Clin Rheumatol. 
2003;17(3):529–39.

	5.	 Hoy D, Geere J-A, Davatchi F, Meggitt B, Barrero LH. A time for action: 
Opportunities for preventing the growing burden and disability from 
musculoskeletal conditions in low- and middle-income countries. Best 
Pract Res Clin Rheumatol. 2014;28(3):377–93.

	6.	 Andrews P, Steultjens M, Riskowski J. Chronic widespread pain 
prevalence in the general population: A systematic review. Eur J Pain. 
2018;22(1):5–18.

	7.	 Mansfield KE, Sim J, Jordan JL, Jordan KP. A systematic review and meta-
analysis of the prevalence of chronic widespread pain in the general 
population. Pain. 2016;157(1):55–64.

	8.	 Coronado RA, George SZ. The Central Sensitization Inventory and Pain 
Sensitivity Questionnaire: An exploration of construct validity and 
associations with widespread pain sensitivity among individuals with 
shoulder pain. Musculoskelet Sci Pract. 2018;36:61–7. https://​doi.​org/​10.​
1016/j.​msksp.​2018.​04.​009.

	9.	 van Griensven H, Schmid A, Trendafilova T, Low M. Central sensitization 
in musculoskeletal pain: Lost in translation? J Orthop Sports Phys Ther. 
2020;50(11):592–6.

	10.	 Brummett CM, Bakshi RR, Goesling J, Leung D, Moser SE, Zollars 
JW, et al. Preliminary validation of the Michigan Body Map. Pain. 
2016;157(6):1205–12.

	11.	 Margolis RB, Tait RC, Krause SJ. A rating system for use with patient pain 
drawings. Pain. 1986;24(1):57–65.

	12.	 Barbero M, Navarro-Santana MJ, Palacios-Ceña M, Ortega-Santiago R, 
Cescon C, Falla D, et al. Clinical significance and diagnostic value of pain 
extent extracted from pain drawings: a scoping review. Diagnostics 
(Basel, Switzerland). 2020;10(8):604.

	13.	 Barbero M, Moresi F, Leoni D, Gatti R, Egloff M, Falla D. Test-retest reliability 
of pain extent and pain location using a novel method for pain drawing 
analysis. Eur J Pain (United Kingdom). 2015;19(8):1129–38.

	14.	 Barbero M, Fernández-de-Las-Peñas C, Palacios-Ceña M, Cescon C, Falla 
D. Pain extent is associated with pain intensity but not with widespread 
pressure or thermal pain sensitivity in women with fibromyalgia syn‑
drome. Clin Rheumatol. 2017;36(6):1427–32.

	15.	 Uthaikhup S, Barbero M, Falla D, Sremakaew M, Tanrprawate S, Nudsasarn 
A. Profiling the extent and location of pain in migraine and cervicogenic 
headache: a cross-sectional single-site observational study. Pain Med. 
2020;21(12):3512–21.

	16.	 Cruder C, Falla D, Mangili F, Azzimonti L, Araújo LS, Williamon A, et al. 
Profiling the location and extent of musicians’ pain using digital pain 
drawings. Pain Pract. 2018;18(1):53–66.

	17.	 Ris I, Barbero M, Falla D, Larsen MH, Kraft MN, Søgaard K, et al. Pain extent 
is more strongly associated with disability, psychological factors, and 

neck muscle function in people with non-traumatic versus traumatic 
chronic neck pain: a cross sectional study. Eur J Phys Rehabil Med. 
2019;55(1):71–8.

	18.	 Falla D, Peolsson A, Peterson G, Ludvigsson ML, Soldini E, Schneebeli A, 
et al. Perceived pain extent is associated with disability, depression and 
self-efficacy in individuals with whiplash-associated disorders. Eur J Pain 
(United Kingdom). 2016;20(9):1490–501.

	19	 Martinez-Calderon J, Flores-Cortes M, Morales-Asencio JM, Luque-
Suarez A. Which Psychological Factors are Involved in the Onset and/or 
Persistence of Musculoskeletal Pain? An Umbrella Review of Systematic 
Reviews and Meta-analyses of Prospective Cohort Studies. Clin J Pain. 
2020;36(8):626–37.

	20.	 Reis F, Guimarães F, Nogueira LC, Meziat-Filho N, Sanchez TA, Wideman 
T. Association between pain drawing and psychological factors in mus‑
culoskeletal chronic pain: A systematic review. Physiother Theory Pract. 
2019;35(6):533–42.

	21.	 Carnes D, Ashby D, Underwood M. A systematic review of pain drawing 
literature: should pain drawings be used for psychologic screening? Clin J 
Pain. 2006;22(5):449–57.

	22.	 Martínez MP, Sánchez AI, Prados G, Lami MJ, Villar B, Miró E. Fibromyalgia 
as a heterogeneous condition: subgroups of patients based on physical 
symptoms and cognitive-affective variables related to pain. Span J 
Psychol. 2021;24: e33.

	23.	 Tangen SF, Helvik A-S, Eide H, Fors EA. Pain acceptance and its impact on 
function and symptoms in fibromyalgia. Scand J Pain. 2020;20(4):727–36.

	24.	 Malin K, Littlejohn GO. Rumination modulates stress and other psycho‑
logical processes in fibromyalgia. Eur J Rheumatol. 2015;2(4):143–8.

	25.	 González-Roldán AM, Bomba IC, Diesch E, Montoya P, Flor H, Kamping S. 
Controllability and hippocampal activation during pain expectation in 
fibromyalgia syndrome. Biol Psychol. 2016;121(Pt A):39–48.

	26.	 Martinez-Calderon J, Flores-Cortes M, Clavero-Cano S, Morales-Asencio 
JM, Jensen MP, Rondon-Ramos A, et al. The role of positive psychological 
factors in the association between pain intensity and pain interference in 
individuals with chronic musculoskeletal pain: a cross-sectional study. J 
Clin Med. 2020;9(10):3252.

	27.	 Dworkin RH, Bruehl S, Fillingim RB, Loeser JD, Terman GW, Turk DC. 
Multidimensional diagnostic criteria for chronic pain: introduction to the 
acttion-American pain society pain taxonomy (AAPT). J Pain. 2016;17(9 
Suppl):T1-9.

	28.	 Ferrer-Peña R, Gil-Martínez A, Pardo-Montero J, Jiménez-Penick V, 
Gallego-Izquierdo T, La Touche R. Adaptación y validación de la Escala 
de gradación del dolor crónico al español. Reumatología Clínica. 
2016;12(3):130-8. https://​doi.​org/​10.​1016/j.​reuma.​2015.​07.​004.

	29.	 Jones SMW, Lange J, Turner J, Cherkin D, Ritenbaugh C, Hsu C, et al. 
Development and validation of the expect questionnaire: assessing 
patient expectations of outcomes of complementary and alterna‑
tive medicine treatments for chronic pain. J Altern Complement Med. 
2016;22(11):936–46.

	30.	 Rodero B, García-Campayo J, Casanueva B, del Hoyo YL, Serrano-Blanco 
A, Luciano JV. Validation of the Spanish version of the chronic pain 
acceptance questionnaire (CPAQ) for the assessment of acceptance in 
fibromyalgia. Health Qual Life Outcomes. 2010;8:1–10.

	31.	 Ferrando PJ, Chico E, Tous M. Propiedades psicométricas del test de 
optimismo Life Orientation Test. Psicothema. 2022;14:673–80.

	32	 Tucker S, Taylor NF. Green R a. Anatomical validity of the Hawkins-Ken‑
nedy test - A pilot study. Man Ther. 2011;16(4):399–402. https://​doi.​org/​
10.​1016/j.​math.​2011.​02.​002.

	33.	 Mäntyselkä PT, Turunen JHO, Ahonen RS, Kumpusalo EA, Brown MM. 
Chronic pain and poor self-rated health. Evidence-Based Eye Care. 
2004;5(2):110–1.

	34.	 Leoni D, Falla D, Heitz C, Capra G, Clijsen R, Egloff M, et al. Test-retest reli‑
ability in reporting the pain induced by a pain provocation test: further 
validation of a novel approach for pain drawing acquisition and analysis. 
Pain Pract. 2017;17(2):176–84.

	35.	 Austin PC, Steyerberg EW. The number of subjects per variable required 
in linear regression analyses. J Clin Epidemiol. 2015;68(6):627–36.

	36.	 JD J. Multiple Linear Regression. In: Applied Multivariate Data Analysis. 
Springer T. Springer, New York, NY.; 1991.

	37.	 Seabold, Skipper and JP. statsmodels: Econometric and statistical mod‑
eling with python. In: Proceedings of the 9th Python in Science Confer‑
ence. 2010.

https://doi.org/10.1016/j.msksp.2018.04.009
https://doi.org/10.1016/j.msksp.2018.04.009
https://doi.org/10.1016/j.reuma.2015.07.004
https://doi.org/10.1016/j.math.2011.02.002
https://doi.org/10.1016/j.math.2011.02.002


Page 10 of 10Luque‑Suarez et al. BMC Musculoskeletal Disorders          (2022) 23:727 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	38.	 Anderson, Rolph E., Tatham, Ronald L., Black, William C., Hair JF. Multivari‑
ate Data Analysis. Prentice Hall College Div; 1998.

	39.	 Fuensalida-Novo S, Palacios-Ceña M, Falla D, Cuadrado ML, Guerrero ÁL, 
Cescon C, et al. In episodic cluster headache, pain extent is not related to 
widespread pressure pain sensitivity, psychological outcomes, or clinical 
outcomes. Physiother Theory Pract. 2020;5:1–6.

	40.	 Fernández-de-Las-Peñas C, Falla D, Palacios-Ceña M, Fuensalida-Novo S, 
Arias-Buría JL, Schneebeli A, et al. Perceived pain extent is not associ‑
ated with widespread pressure pain sensitivity, clinical features, related 
disability, anxiety, or depression in women with episodic migraine. Clin J 
Pain. 2018;34(3):217–21.

	41.	 Fernández-de-Las-Peñas C, Falla D, Palacios-Ceña M, De-la-Llave-Rincón 
AI, Schneebeli A, Barbero M. perceived pain extent is not associated with 
physical, psychological, or psychophysical outcomes in women with 
carpal tunnel syndrome. Pain Med. 2019;20(6):1185–92.

	42.	 Trouvin A-P, Perrot S. New concepts of pain. Best Pract Res Clin Rheuma‑
tol. 2019;33(3): 101415.

	43.	 Altmaier EM, Russell DW, Kao CF, Lehmann TR, Weinstein JN. Role of self-
efficacy in rehabilitation outcome among chronic low back pain patients. 
J Couns Psychol. 1993;40:335–9.

	44.	 Nicholas MK. The pain self-efficacy questionnaire: Taking pain into 
account. Eur J Pain. 2007;11:153–63.

	45.	 Sleijser-Koehorst MLS, Bijker L, Cuijpers P, Scholten-Peeters GGM, Cop‑
pieters MW. Preferred self-administered questionnaires to assess fear of 
movement, coping, self-efficacy, and catastrophizing in patients with 
musculoskeletal pain - A modified Delphi study. Pain. 2019;160(3):600–6.

	46.	 Willett MJ, Siebertz M, Petzke F, Erlenwein J, Rushton A, Soldini E, et al. The 
Extent of Pain Is Associated With Signs of Central Sensitization in Patients 
With Hip Osteoarthritis. Pain Pract. 2020;20(3):277–88.

	47.	 Gerdle B, Fischer MR, Cervin M, Ringqvist Å. Spreading of pain in patients 
with chronic pain is related to pain duration and clinical presentation and 
weakly associated with outcomes of interdisciplinary pain rehabilitation: 
A cohort study from the swedish quality registry for pain rehabilitation (s. 
J Pain Res. 2021;14:173–87.

	48.	 Nicholas M, Vlaeyen JWS, Rief W, Barke A, Aziz Q, Benoliel R, et al. The 
IASP classification of chronic pain for ICD-11: chronic primary pain. Pain. 
2019;160(1):28–37.

	49.	 Perrot S, Cohen M, Barke A, Korwisi B, Rief W, TRIT for, Pain. the C of C. The 
IASP classification of chronic pain for ICD-11: chronic secondary musculo‑
skeletal pain. Pain. 2019;160(1):77–82.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Digital pain extent is associated with pain intensity but not with pain-related cognitions and disability in people with chronic musculoskeletal pain: a cross-sectional study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Discussion: 

	Background
	Methods
	Study design
	Participants
	Variables
	Independent variables
	Sample size calculation
	Statistical analysis

	Results
	Baseline demographic and clinical characteristics
	Univariate associations between digital pain extent and psychological factors, pain intensity, and pain-related disability
	Multiple linear regression model

	Discussion
	Clinical implications
	Future research
	Limitations of the study

	Conclusions
	Acknowledgements
	References


