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Abstract: The aim of this cross-sectional study was to explore the spatial extent of pain and its
association with clinical symptoms, psychological features, and pain sensitization in people with
frozen shoulder (FS). Forty-eight individuals with FS completed pain drawings (PDs) and reported
their clinical symptoms including pain intensity (Visual Analogue Scale) and shoulder disability
(Shoulder Pain and Disability Index). Moreover, pain sensitization measurements (pressure pain
thresholds, temporal summation, conditioned pain modulation, and Central Sensitization Inventory
(CSI)) were assessed. Psychological features were assessed by Pain Catastrophizing Scale (PCS)
and Pain Vigilance and Awareness Questionnaire. Pain frequency maps were generated, Margolis
rating scale was used for pain location, and Spearman correlation coefficients were computed. The
mean (SD) pain extent was 12.5% (6.7%) and the most common painful area was the anterolateral
shoulder region (100%). Women presented a more widespread pain distribution compared with
men. Significant positive associations were obtained between pain extent and current pain intensity
(rs = 0.421, p < 0.01), PCS (rs = 0.307, p < 0.05) and CSI (rs = 0.358, p < 0.05). The anterolateral region
of the shoulder was the most common painful area in people with FS. Women with FS presented
more extended areas of pain; and a more widespread distribution of pain was correlated with higher
levels of pain, pain catastrophizing and pain sensitization.

Keywords: pain drawings; pain extent; pain location; frozen shoulder; pain sensitization;
psychological factors

1. Introduction

Frozen shoulder (FS) is a frequent musculoskeletal disorder which is characterized
by progressive loss of shoulder range of motion [1]. The prevalence of FS in the general
population is 2% to 5% and women aged between 40 and 65 years are more commonly
affected [2]. FS has been classified into primary, characterized by an insidious onset and
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an idiopathic origin, and secondary, which seems to be associated with a certain event,
either a systemic (i.e., diabetes), intrinsic (i.e., rotator cuff disease) or extrinsic (i.e., cervical
radiculopathy) cause [3,4]. In addition to pain and movement restriction, FS often leads to
sleep deprivation, anxiety, high levels of disability and has an important impact on nearly
every aspect of daily living [5].

To a large extent, FS has been traditionally considered a clinical condition where the
dominant operating pain mechanism is assumed to be nociceptive [6]. Nevertheless, recent
research suggests that this condition has a complex pathophysiology, which has not yet
been fully understood. On the one hand, some authors have argued that central pain
mechanisms might have a relevant role in a subgroup of patients with FS [7]. Taking into
account that FS is characterized by being long-lasting, it is plausible that neuroplastic
changes occurring at different levels of the central nervous system might contribute to pain
maintenance [8]. Apart from some preliminary research [9–13], the implication of central
pain mechanisms in people with FS remains uncertain. On the other hand, the role of low-
grade inflammation and immune system response dysregulation leading to pathological
changes in the shoulder capsule is gaining interest in the scientific literature [2,3]. In
this sense, a state of low-grade inflammation seems to be a contributing factor to the
development of FS. In particular, at early stages of the pathology, an immune response
with elevated levels of alarmins has been found in the shoulder capsule of people with FS,
triggering a cascade of inflammation and leading to subsequent fibrosis of the capsular
tissue [14]. These mechanisms appear to be perpetuated by an upregulated production
of pro-inflammatory cytokines and a neuro-immune activation [15,16]. Additionally, low-
grade inflammation is one of the factors that may be involved in the development of an
increase in excitability of the central nervous system (i.e., central sensitization) [17,18]. A
deeper understanding of pain mechanisms is considered essential for reaching accurate
diagnosis and treatment approaches [19].

The contribution of central pain mechanisms in patients suffering from chronic mus-
culoskeletal pain has been inferred by the presence of widespread pain as identified from
a body chart [20]. Indeed, a widespread pain distribution is a key sign of altered central
pain processing mechanisms [21,22]. In line with this, pain drawings (PDs) have been used
to assess clinical features of central sensitization [23,24] and to quantify pain extent and
pain location in a wide variety of musculoskeletal pain conditions such as neck pain [25],
whiplash [26], migraine [27], low back pain [28], fibromyalgia [29], and knee [22,30] and
hip osteoarthritis [31], among others. However, to the authors’ knowledge, PDs have
not yet been used in people with FS. Firstly, the implementation of PDs in people with
FS may help to establish the typical pain distribution in this population. Secondly, PDs
can be considered as an easy and cheap method for the identification of altered central
pain mechanisms in patients with FS. Thus, PDs may indirectly provide clinicians with
information regarding pain mechanisms and guide them to an early identification of FS
patients presenting with central sensitization without the need for expensive equipment.

Furthermore, it is well known that psychological and social factors contribute to
symptoms and disability in chronic musculoskeletal pain [32,33]. Some studies have
demonstrated that chronic pain is associated with psychological aspects such as fear-
avoidance beliefs [34], pain catastrophizing [35], or emotional distress [36]. Moreover,
associations between particular personality traits and FS have recently been found by
Chiaramonte et al. [37], indicating an interaction between psychological and somatic
factors. Although there is extensive use of PDs in clinical practice, research regarding
how pain location and extent are associated with psychological factors in patients with FS
is lacking.

Therefore, the primary aim of the current study was to quantify pain location and
spatial extent of pain in subjects with FS by means of a digital PD. As secondary aims, the
association between the extent of pain and clinical symptoms, psychological features and
pain sensitization were investigated.



J. Clin. Med. 2022, 11, 154 3 of 13

2. Materials and Methods
2.1. Study Design

This is a cross-sectional observational study, which was conducted at the pain research
unit of the University of Valencia (Valencia, Spain) between October 2015 and December
2017. This study is reported in line with the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement [38]. It was approved by the Human Research
Ethics Committee of the University of Valencia (protocol number H1432625002427) and
complies with the Declaration of Helsinki.

2.2. Participants

A sample of 48 participants with primary FS, diagnosed by a physician, were recruited
from different outpatient private clinics and rehabilitation services of several hospitals of the
region of Valencia, and from community-based advertisements. Before the commencement
of the study, an informed consent was obtained from all participants.

Primary FS was diagnosed on the basis of the following inclusion criteria: (1) a
reduction in passive external rotation greater than 50% compared with the unaffected
shoulder or an external rotation lower than 30◦ [39]; (2) loss of range of motion greater than
25% in at least two planes of movement when compared with the unaffected shoulder [39];
(3) pain and movement restriction had to be present for at least 1 month, having reached
a plateau or worsened [39]; and (4) normal shoulder X-rays (except for osteopenia of
the humeral head and calcific tendinosis) [4]. In addition, to be included in this study,
participants had to be stable in medication intake for at least 4 weeks prior to the study
commencement [40]. People with secondary FS, locked dislocations, arthritis, fractures,
avascular necrosis, cervical radiculopathy or previous surgery in the upper quadrant region
during the last year, were excluded. Participants were also excluded if they had conditions
characterized by dominant central pain mechanisms (i.e., fibromyalgia), rheumatic diseases,
co-morbidities (i.e., cardiovascular, cognitive or neurological diseases), or were taking
centrally acting analgesics (i.e., antidepressants and anticonvulsants).

2.3. Procedure

Participants’ characteristics, including age, sex, weight, height, and pain duration,
were collected at baseline. Additionally, participants quantified their pain intensity and
were asked to complete a PD to report their painful area. Then, participants completed
the following self-administered questionnaires: Central Sensitization Inventory (CSI) [41],
Shoulder Pain and Disability Index (SPADI) [39], Pain Catastrophizing Scale (PCS) [42],
and Pain Vigilance and Awareness Questionnaire (PVAQ) [43]. Finally, participants were
assessed for pain sensitization [44] using Quantitative Sensory Testing (QST). Specifically,
pressure pain thresholds (PPTs), temporal summation (TS), and conditioned pain modula-
tion (CPM) were measured.

All assessments were performed in a single session and always in the same order.
Participants were asked not to take any analgesic medication 24 h before the examination.
The researcher performing QST ensured that all participants met this requirement by asking
them about medication intake prior to the measurements. This researcher was blinded to
the questionnaires and PDs data.

2.4. Pain Extent

The spatial extent of pain was quantified by using a method for PD acquisition which
had previously been shown to be reliable in people with chronic neck and low back pain [45].
PDs were performed on a digital tablet (iPad 2, Apple Inc., Cupertino, CA, USA) with a
stylus pen for digital tablets (CS100B, Wacom Technology Corp, Vancouver, Washington)
and a commercially available sketching software (SketchBook Pro, Autodesk Inc., San
Rafael, CA, USA). In accordance with the participant’s sex, a male or female body chart
was chosen with different views of the shoulder region (i.e., frontal and dorsal) and opened
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in the sketching software. The type, size, and color of the pen stroke were standardized
across all participants.

An examiner, who was trained in the use of the PD acquisition software prior to the
study commencement, gave each participant a standardized verbal explanation about how
to complete the PD with the digital tablet. The PD was presented to participants as a tool
where they should accurately illustrate where they had felt pain during the previous week.
The assessor highlighted the importance of fully representing all pain locations. After a
short demonstration to familiarize the participants with the device, they were required
to complete their PDs. Participants were instructed as follows: “Please shade the area/s
where you felt your usual pain during the last week on this body chart and try to be as
precise as possible.” They were instructed to color every part of the body where they felt
pain in the previous week, regardless of the quality and the severity of pain. Before saving
and storing the PD, participants were asked whether the colored PD corresponded to their
real pain distribution. If not, they were given the possibility to correct the PD using the
“eraser” tool.

A custom-designed software program was used to calculate the total pain extent for
each participant and to generate two pain frequency maps (i.e., frontal and dorsal body
chart) separately for men and women [45]. Pain extent and pain location were scored
using the Margolis rating scale [46]. For each anatomical region affected by pain, a pain
percentage was attributed. Thus, scores from the dorsal view and frontal view were
combined to generate a single value of pain extent (i.e., total pain extent).

2.5. Pain Sensitization
2.5.1. Pressure Pain Thresholds (PPTs)

A standardized protocol for evaluating PPTs was used [47]. PPTs were measured at the
middle deltoid of the affected shoulder, 2 cm below the lateral part of the acromion, using
an analog hand-held pressure algometer (Wagner Instruments, FDIX; Wagner Instruments,
Greenwich, CT, USA) with a surface area at the round tip of 1 cm2. The algometer probe tip
was applied perpendicular to the skin at a rate of 1 kg/cm2/s until the first onset of pain.
PPTs were measured three times, with a 30 s interstimulus interval between measurements,
and the mean was used for statistical analysis. PPTs are a reliable measure of deep tissue
sensitivity [48] and have been extensively investigated in people with shoulder pain [40,49].

2.5.2. Temporal Summation (TS) and Conditioned Pain Modulation (CPM)

For measuring excitability of nociceptive pathways and efficacy of endogenous pain
inhibition, the TS and CPM paradigms were used [50,51].

First, PPTs were measured at the middle deltoid of the affected shoulder, as described
above. After 2 min rest, TS was provoked by means of 10 consecutive pulses at the
previously determined PPT. For each pulse, pressure was gradually increased at a rate of
2 kg/s to the determined PPT and maintained for 1 s before being released (1 s interstimulus
interval). Pain intensity of the 1st, 5th, and 10th pulses were rated by participants on a
numerical rating pain scale (0 = “no pain” to 10 = “worst possible pain”).

After a rest period of 5 min, CPM was induced by combining the PPTs procedure
(namely, the test stimulus) with an inflated occlusion cuff around the participant’s arm, in
the unaffected shoulder (conditioning stimulus). The occlusion cuff was inflated at a rate
of 20 mm Hg/s until “the first sensation of pain” and maintained for 30 s. Then, intensity
of pain, as a result of cuff inflation, was rated on a numerical rating pain scale. Afterward,
cuff inflation was increased or decreased until the intensity of pain was rated as 3/10. The
length of time to reach 3/10 pain was recorded. PPTs assessment was then repeated during
maintenance of the cuff inflation. Details and data supporting test–retest reliability and
validity of the protocols for examining TS and CPM can be found elsewhere [52,53].
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2.5.3. Central Sensitization Inventory (CSI)

The CSI is a questionnaire useful to quantify the severity of several symptoms of
central sensitization, which has been shown to be valid and reliable [54]. Part A of the
CSI includes 25 items related to symptoms common to central sensitization, each rated
on a 5 point scale with the end points 0 (“never”) and 4 (“always”) (range 0–100). The
following CSI severity levels have been established: subclinical = 0 to 29; mild = 30 to 39;
moderate = 40 to 49; severe = 50 to 59; and extreme = 60 to 100 [55]. The Spanish version of
the CSI was used in this study [41].

2.6. Clinical Symptoms
2.6.1. Pain Intensity

Current shoulder pain intensity in addition to average shoulder pain over the last 24 h
were recorded using a 100 mm Visual Analogue Scale (VAS) ranging from 0 (“no pain”)
to 100 (“worst imaginable pain”). The VAS is a reliable and valid tool commonly used to
assess pain intensity [56]. The minimal clinically important difference (MCID) for the VAS
is estimated to be 30 mm [57].

2.6.2. Shoulder Pain and Disability

Shoulder pain related disability was measured with the Spanish version of the Shoul-
der Pain and Disability Index (SPADI) [58]. The SPADI consists of 13 items distributed in
two domains: pain (5 items, range 0–50 points) and disability (8 items, range 0–80 points).
All items are scored using a numeric rating scale ranging from 0 (“no pain/no difficulty”)
to 10 (“worst pain imaginable/so difficult it required help”). Scores from both pain and
disability subscales are averaged to calculate the total score (0–100 points). A higher score in-
dicates greater shoulder pain related disability [59]. Psychometric properties of the Spanish
version of the SPADI have been shown to be acceptable for clinical use, with high internal
consistency (Cronbach α: 0.916) and excellent test–retest reliability (ICC: 0.91) [58,60]. Ad-
ditionally, the minimal detectable change (MDC) has been determined to be 18, whereas
the minimal clinically important difference (MCID) ranges between 8 and 13 [60].

2.7. Psychological Features
2.7.1. Pain Catastrophizing

The Pain Catastrophizing Scale (PCS) is a self-administered questionnaire comprising
13 items structured into 3 dimensions: rumination, magnification, and helplessness [61].
Each item is rated from 0 (“not at all”) to 4 (“all the time”) (range 0–52), with higher scores
indicating increased pain catastrophizing. The Spanish version of the PCS used in this
study showed good psychometric properties in people with fibromyalgia [42].

2.7.2. Pain Hypervigilance

The Spanish version of the Pain Vigilance and Awareness Questionnaire (PVAQ) was
used to assess participants’ preoccupation with, or attention to, pain associated with pain-
related fear and perceived severity of pain [43]. The PVAQ comprises 9 items, each rated
on a 6 point scale with the end points 0 (“never”) and 5 (“always”) (range 0–45). Higher
scores indicate a higher degree of pain vigilance and awareness. Psychometric properties
of the PVAQ have been previously reported in people with chronic back pain [43] and
fibromyalgia [62], showing appropriate internal consistency, reliability, and validity.

2.8. Data Analysis

Data distribution was initially assessed with the Shapiro–Wilk test, and non-normally
distributed data were identified. Descriptive statistics were used to present the clinical
and demographic characteristics of the participants with FS. Pain frequency maps were
generated by superimposing the PDs from all participants to illustrate the most frequently
reported location of pain across the entire sample. This was performed for women and
men separately. Pain distribution in the anatomical regions was reported using histograms.
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Spearman correlation coefficients were computed to reveal possible correlations between:
(1) the area of pain and pain sensitization (i.e., PPTs, TS, CPM and CSI), (2) the area of
pain and clinical symptoms (i.e., pain duration, VAS and SPADI), and (3) the area of pain
and psychological features (i.e., PCS and PVAQ). The strength of the correlations was
interpreted as follows: no correlation (0.00–0.25), low (0.26–0.49), moderate (0.50–0.69),
high (0.70–0.89), and very high (0.90–1.00) [63]. Statistical analysis was performed using
IBM SPSS version 24 (IBM Corp, Armonk New York) and the level of significance was set
at p < 0.05.

3. Results

Forty-eight individuals with FS (33 women and 15 men) participated in this study.
Participants’ demographic characteristics, clinical symptoms, psychological features and
pain sensitization measurements are reported in Table 1. Correlations between pain extent
and measures of pain sensitization, clinical symptoms and psychological features are
detailed in Table 2. The mean (SD) pain extent of the sample was 12.5% (6.7). Pain
frequency and location maps, with frontal and dorsal views, displayed separately for men
and women, are illustrated in Figure 1. The most common location of pain in both men and
women was the anterolateral region of the shoulder. Women presented a more widespread
distribution of pain, including the whole upper limb, compared with men.

Table 1. Participants’ characteristics.

Characteristics of Patients with FS Mean (SD) (N = 48)

Age (y) 54.5 (7.5)
Weight (kg) 66.8 (11.8)
Height (cm) 166.3 (7.5)

Pain duration (months) 7 (5.7) *
Extent of pain (%) 12 (8.8) *

Direct measures of CS Mean (SD) (N = 48)

PPT affected shoulder 3.1 (2)
Temporal summation (TS) 73.1 (121.8)

Conditioned pain modulation (CPM) −0.26 (0.83)

Indirect measures of CS

Central Sensitization Inventory (CSI) 31.6 (16)

Clinical symptoms

Current pain (VAS, 0–100) 22.8 (26.2)
Pain last 24 h 49.9 (26.8)

Shoulder Pain and Disability Index (SPADI) 58.5 (18.6)
Pain Catastrophizing Scale (PCS) 15.1 (9)

Pain Vigilance and Awareness Questionnaire (PVAQ) 22.8 (8.7)
FS, frozen shoulder; CS, central sensitization; PPT, pressure pain thresholds; VAS, Visual Analogue Scale; * median
and interquartile range.

According to results from the Margolis rating scale, all participants reported pain in
the anterior shoulder region. A significant percentage of patients reported pain in adjacent
regions such as the scapular region (72.9%), the anterior portion of the arm (87.5%) and the
posterior neck region (54.2%) (Figure 2).

3.1. Correlations between Pain Extent and Pain Sensitization

No statistically significant correlations were observed between pain extent and PPTs
at the affected shoulder (rs = −0.118), TS (rs = −0.149) or CPM (rs = −0.138), while a
low positive correlation was found between pain extent and CSI (rs = 0.358, p < 0.05);
participants with a larger pain extent showed higher scores in the CSI.
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Table 2. Spearman correlation coefficients between the extent of pain (total area of pain extracted from
frontal and dorsal body views) computed using pain drawings and measures of central sensitization
and clinical symptoms in patients with frozen shoulder (N = 48).

Measures Correlation with Pain Extent (rs)

Pain duration (y) 0.195

Direct measures of CS Mean (SD) (N = 48)

PPT affected shoulder −0.118
Temporal summation (TS) −0.149

Conditioned pain modulation (CPM) −0.138

Indirect measures of CS

Central Sensitization Inventory (CSI) 0.358 *

Clinical symptoms

Current pain (VAS, 0–100) 0.421 *
Pain last 24 h (VAS, 0–100) 0.057

Shoulder Pain and Disability Index (SPADI) 0.182
Pain Catastrophizing Scale (PCS) 0.307 *

Pain Vigilance and Awareness Questionnaire (PVAQ) −0.252
FS, frozen shoulder; CS, central sensitization; PPT, pressure pain thresholds; VAS, Visual Analogue Scale;
* correlation is significant at the 0.05 level.
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3.2. Correlations between Pain Extent, Clinical Symptoms and Psychological Features

No significant correlation was found between pain extent and pain duration (rs = 0.195).
Pain extent demonstrated a low positive correlation with current pain intensity (rs = 0.421,
p < 0.001) and PCS (rs = 0.307, p < 0.05); participants with higher levels of pain and higher
pain catastrophizing showed a larger pain distribution. No significant correlations were
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found between pain extent and shoulder disability (SPADI) (rs = 0.182), PVAQ (rs = −0.252)
or pain during the last 24 h (rs = 0.057).
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4. Discussion

In this study, the association between pain extent and different clinical and pain
variables was explored for the first time in people with FS. The results indicate that the
most frequent site of pain in people with FS was the anterolateral region of the shoulder.
Women with FS reported more extended areas of pain compared with men. Additionally,
enlarged areas of pain were positively associated with higher levels of pain intensity, pain
catastrophizing and pain sensitization measured with the CSI.

The most common site of symptoms reported by the sample was the anterolateral
region of the shoulder. Previous studies have explored the pain distribution in other
shoulder pain populations. For instance, Gumina et al. [64] investigated the area of pain
reported by patients with rotator cuff tears and found that most patients (86%) felt their
pain in the anterolateral aspect of the shoulder with radiation down the lateral surface
of the arm to the elbow, while the pain extended to the forearm in only 13% of patients.
Bayam et al. [65] investigated pain distribution in people with different shoulder diagnoses,
but did not include patients with FS. The authors found that in patients with impingement
syndrome, rotator cuff tear and glenohumeral joint osteoarthritis, pain radiated from the
shoulder to the forearm, whereas in patients with shoulder instability, acromioclavicular
joint pathology and calcific tendonitis, pain was more localized around the shoulder and
upper arm. If the current study’s results are compared with the above-mentioned studies,
then the distribution of pain described by people with FS is not specific for this population,
but involves similar anatomical regions to other shoulder conditions. This suggests that
PDs by themselves are likely not enough to establish a pathoanatomical diagnosis in a
patient with shoulder pain. Future studies may compare the pain distribution of different
shoulder pain populations to determine whether PDs can be helpful in the diagnosis of
shoulder pain.

Interestingly, in addition to local shoulder symptoms, many patients with FS also
reported enlarged and remote areas of pain, as shown in Figure 1. This spreading of
pain to larger areas may reflect an increase in pain sensitization in these individuals, as
previous literature suggests that extension of pain is a phenomenon attributed to central
sensitization [21,22]. Enlarged areas of pain were noticed in women compared with men in
the present study, including the whole upper limb. The results of this current study contrast
with previous studies performed in patients with shoulder pain where no sex differences in
terms of pain distribution were found [64,65]. However, other studies conducted in other
musculoskeletal chronic pain populations [30,31] also found women reporting larger pain
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areas than men. This could respond to a greater degree of pain sensitization in women.
In line with this, previous literature has suggested that women have an increased pain
sensitivity to standard stimuli [30,66,67].

Enlarged areas of pain in people with FS were positively associated with higher levels
of pain intensity but not with pain duration or shoulder disability. Previous studies focused
on PDs also found positive associations between pain extent and pain intensity [30,45].
Although the area of pain and pain intensity are outcomes assessing different constructs,
it could be expected that people with FS with a more extended area of pain would report
higher pain intensity. Contrary to this study’s results, more widespread areas of pain
were found in individuals with knee osteoarthritis pain, particularly in those with more
persistent symptoms [68]. Other authors [29] however have found a negative correlation
between pain extent and pain duration, with larger pain distributions associated with
a shorter history of symptoms. In contrast to this study’s findings, some studies have
previously observed significant correlations between pain extent and disability in people
with chronic neck pain [45,69]. These inconsistencies in research highlight the importance of
being cautious when drawing firm conclusions about patients’ pain duration, pain intensity
or disability levels only based on a PD.

The results of this study showed no significant association between pain extent and
pain sensitization outcomes (PPTs, TS and CPM) with the exception of the CSI. Although
a positive association between pain extent and pain sensitization was expected, this was
not the case for most of the outcome, which was in accordance with results obtained by
Lluch et al. [30] in people with knee osteoarthritis. Similar to this current study, these
authors also found that larger pain areas were positively associated with higher scores in
the CSI [30]. PDs as a variable measuring pain distribution and pain sensitization related
outcomes (i.e., QST, CSI) assess different constructs related to patients’ pain experience.
This may justify why the areas of pain, as assessed with PDs, were not correlated with
different biomarkers of pain sensitization such as PPTs, CPM or TS in the present study.
In contrast with this study’s findings, negative correlations between pain extent and PPTs
were demonstrated in people with knee [30] and hip [31] osteoarthritis. However, Barbero
et al. [29] found no associations between pain extent and PPTs in people with fibromyalgia.
Similarly, contrasting results were found in the literature about the relationship between
pain extent and CPM or TS. Whereas no significant associations were reported between the
area of pain and CPM or TS [30], other authors found higher pain extent to be associated
with lower CPM in people with non-specific chronic back pain and fibromyalgia [70] and
spinal cord injury patients [71]. Further research performed in larger pain population
samples is needed to unravel the association, if any, between PDs and pain sensitization
outcomes.

Regarding psychological features, only pain catastrophizing was positively correlated
with pain extent in the current study, which was in accordance with results obtained
by Willett et al. [31] in patients with hip osteoarthritis. Contrary to the current study’s
results, previous research in non-shoulder pain populations demonstrated no correlation
between the area of pain and the individual psychological state [30,72]. Indeed, a systematic
review by Carnes et al. [73] did not support the assumption that unusual or extensive PDs
may indicate a disturbed psychological state and concluded that the use of PDs is not
recommended for assessing the psychological status of a patient. Other studies found
significant correlations between pain extent and other psychological features such as
anxiety and depression [45,74] or self-efficacy [45]. A recent systematic review exploring
the association between PDs and psychological factors in patients suffering from chronic
musculoskeletal pain was not able to reach a definitive answer [75]. Based on expert
opinion, the presence of widespread pain on PDs should at least alert clinicians to consider
the possibility of performing a more specific psychological screening [45].
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Limitations

There are some methodological issues that should be considered in this study. First,
several methods to compute the pain extent have been described, but a gold standard is
not yet available. In this study, the Margolis rating scale was applied, which has previously
been validated in patients with chronic pain [76] but never tested before in people with FS.
Again, reliability of PDs was not specifically tested in the current study’s sample of patients
with FS. Instead, PDs’ reliability was assumed to be good on the basis of a previous study
in patients with temporomandibular disorders using the same recall period (one week) [45].
To date, no data exists on reliability or validity of PDs in people with FS, therefore further
research is warranted. Furthermore, it is important to note that TS and CPM measurements
were only performed on the affected shoulder but not on a remote location as recommended
in current CPM testing guidelines [77]. Moreover, although participants needed to be stable
in medication intake at least 4 weeks before the beginning of the study, medication intake
was not considered as an exclusion criteria. This fact may have influenced the pain extent
reported by the participants and therefore influenced the results of the current study. Lastly,
there was a lack of control of potential confounder factors such as alcohol intake, smoking,
physical activity and hand dominance, which may have affected the results of some pain
sensitization measures (i.e., CPM and TS).

5. Conclusions

In conclusion, this study has shown that the most frequent site of symptoms in people
with FS is the anterolateral region of the shoulder. In addition to local shoulder symptoms,
some patients with FS reported more extended areas of pain. This was observed more
often in women than men. Additionally, enlarged areas of pain were associated with higher
levels of pain intensity, pain catastrophizing and pain sensitization measured with the CSI.
Further evaluation of the reliability and validity of PDs in people with FS is needed before
its use can be advocated in clinical practice.
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