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Abstract: Frozen shoulder (FS) is a poorly understood condition resulting in substantial shoulder
pain and mobility deficits. The mechanisms behind FS are not yet fully understood, but, similar
to other persistent pain states, central pain mechanisms may contribute to ongoing symptoms in
this population. The objective of this research was to investigate conditioned pain modulation
(CPM) in people with FS compared with pain-free individuals. A total of 64 individuals with FS
and 64 healthy volunteers participated in this cross-sectional study. CPM was assessed by using the
pressure pain threshold (PPT) and an occlusion cuff (tourniquet test) as the test and conditioning
stimulus, respectively. The absolute and percentage of change in PPT (CPM effect) as well as pain
profiles (pro-nociceptive vs. anti-nociceptive) of individuals with FS and healthy controls were
calculated. No significant differences in the absolute change in the PPT or CPM effect were found
in people with FS compared to pain-free controls. Moreover, no between-group differences in the
percentage of subjects with pro-nociceptive and anti-nociceptive pain profiles were observed. These
results suggest that endogenous pain inhibition is normally functioning in people with FS. Altered
central pain-processing mechanisms may thus not be a characteristic of this population.

Keywords: frozen shoulder; conditioned pain modulation; inhibitory endogenous pain mechanisms;
chronic pain; assessment

1. Introduction

Frozen shoulder (FS), also known as adhesive capsulitis, is one of the most common
yet challenging conditions for clinicians and physiotherapists. It is a poorly understood
condition resulting in substantial shoulder pain and mobility deficits. The most notable
clinical finding associated with FSis a global restriction of movement, with passive external
rotation being the most limited direction [1]. The prevalence rate of FS in the general
population is 2-5.3% [2,3], but it is higher (up to 40%) in individuals with diabetes [3].

Although FS has been widely studied, its epidemiology, etiology, diagnosis, and
assessment are still poorly understood [4,5]. The pathophysiology of FS is characterized by
an immune and inflammatory response and subsequent fibrosis of the anterior joint capsule
and related structures (e.g., rotator cuff interval) [6,7]. The local inflammatory genesis of
FS has been widely demonstrated both in animal [8] and human studies [9]. Moreover,
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research has shown, for instance, that local anesthetic suprascapular blocks improve pain
and functionality, albeit for a short time, in people with FS [10,11]. All these findings
would support a dominant role of peripheral mechanisms in the pain experienced by these
individuals [12]. Indeed, conservative and surgical interventions have traditionally been
focused on structural dysfunctions found around the shoulder joint, thus assuming pain
related to FS as being predominantly dominated by peripheral mechanisms [13,14].

Recent evidence has questioned the contribution of peripheral mechanisms (i.e., capsu-
lar contracture) to movement restriction in some patients presenting with idiopathic FS [15].
Addtionally, some authors argue that central pain-processing mechanisms might play a
role in a subgroup of people with FS [16]. Specifically, continuous nociceptive inputs in the
early stages of FS may lead to maladaptive plastic reorganizations in different areas of the
central nervous system (CNS) [16]. However, except for some recent studies [17-19], the
role of the CNS (i.e., central sensitization (CS)) in these patients has not been fully studied
and remains speculative. CS does not seem to be a characteristic feature of musculoskeletal
shoulder pain but could be present in a subgroup of patients [20,21]. Acquiring further
knowledge on pain mechanisms involved in FS is essential for designing better treatment
strategies. For instance, if central pain-processing mechanisms are present in a subgroup of
patients with FS, this could be one of the reasons that may explain why they are resistant to
conventional peripherally focused therapies, and thus a different approach is required [16].

Different quantitative sensory testing tools, such as conditioned pain modulation
(CPM), have been developed to quantify central pain mechanisms in people with muscu-
loskeletal pain [22,23]. Historically, the term diffuse noxious inhibitory control (DNIC) was
first proposed by Le Bars et al. [24] to describe the modulatory effect that a distant tonic
painful conditioning stimulus has on a painful test stimulus. Later, in 2010, an expert panel
recommended the use of the term CPM as a surrogate for estimating the DNIC phenomena
in humans [25]. CPM thus represents a human assessment of the functionality of endoge-
nous descending inhibitory pathways. CPM assessment can be helpful in predicting pain
acquisition, in characterizing pain syndromes including dysfunctions of pain modulation,
and in predicting response to treatments [26]. Regarding the latter, CPM has been shown
to predict worse clinical outcomes, particularly the development of chronic post-operative
pain, and the response to pharmacological interventions [27,28]. CPM can be impaired
in several chronic pain populations, reflecting a decreased efficacy of endogenous pain
inhibition [29]. Depending on CPM efficacy, individuals can be positioned on a clinical
spectrum between pro-nociception or anti-nociception [30,31]. CPM effects have been
studied in several chronic pain populations [32] but not yet in individuals with FS.

The main aim of this study was to examine the efficacy of CPM in individuals with
FS compared to healthy controls. It was hypothesized that subjects with FS had impaired
pain inhibition compared with healthy subjects. As a secondary aim, clinical pain profiles
(i-e., pro-nociceptive vs. anti-nociceptive) of individuals with FS and healthy controls based
on CPM results were compared.

2. Materials and Methods
2.1. Study Design

A case-control study following the STROBE guidelines [33] was carried out between
July 2019 and July 2020 at the pain research unit of the University of Valencia (Valencia,
Spain). The study was approved by the Human Research Ethics Committee of the Uni-
versity of Valencia (protocol number H1432625002427). All procedures were performed
following the ethical standards laid down in the 1964 Declaration of Helsinki and its later
amendments. Enrolled participants gave their informed consent prior to their inclusion in
the study.

2.2. Participants

Eligible participants with primary FS from primary health care centers at Valencia
Health Area provided written informed consent prior to participation in the study after
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FS had been diagnosed by their primary care doctor. Primary FS was diagnosed based
on the following inclusion criteria: (1) more than 25% of range of motion loss in at least
2 planes of movement; (2) at least 50% of passive external rotation loss compared to the
unaffected shoulder; and (3) presence of pain and restricted movement for at least 1 month,
either having reached a peak or having worsened [1]. In addition, participants had to be
stable in medication intake potentially influencing the results of CPM (e.g., anti-epileptic,
antidepressant, analgesics, and/or NSAIDs) for at least 4 weeks prior to their participation
to be included in this study [20]. Subjects with secondary FS (i.e., secondary to rotator cuff
disease, trauma, or surgery) were excluded.

The control group consisted of pain-free and healthy subjects without a history of
shoulder pain requiring medical treatment, matched by age and sex with the FS group [34].
Controls were recruited among university and hospital administrative staff.

2.3. Procedures

A trained physical therapist with 5 years of experience in assessing and treating
individuals with FS and in the use of CPM was responsible for the assessments. This
physical therapist remained blinded to group allocation. Participants were instructed not
to reveal their diagnosis.

Participants’ socio-demographic information and pain intensity in the last 24 h using
a visual analogue scale (VAS) was initially recorded [35]. Then, CPM was performed on
each participant in a quiet temperature-controlled room with the subject seated in a relaxed
position and with the non-affected arm supported on a table.

The protocol described by Cathcart and colleagues was adapted for measuring
CPM [5]. First, the pressure pain threshold (PPT) was measured either at the middle
deltoid (2 cm below the lateral part of the acromion) of the affected shoulder (in individ-
uals with FS) or the matched shoulder (in healthy subjects) using a hand-held pressure
algometer (Wagner Instruments, FDIX; Wagner Instruments, Greenwich, CT, USA) with
a probe area of 1.0 cm?. The algometer probe tip was applied perpendicular to the skin
and the pressure was increased at a rate of 1 kg/cm?/s until the point at which pressure
sensation turned to pain [36]. Three measures were taken with a 30 s interval between each
measurement, and the mean was used for analysis [37,38].

CPM was then induced by using an inflated occlusion cuff placed on the contralateral
arm as the conditioned stimulus [5,39]. The occlusion cuff was inflated at a rate of 20 mm
Hg/s until “the first sensation of pain”. At that point, it was maintained for 30 s. Pain
intensity was then rated on a numerical pain rating scale. Next, cuff inflation was increased
or decreased until the pain intensity was rated as 3/10. PPT assessment was then repeated
during maintenance of the cuff inflation [40].

2.4. Outcomes

The absolute change and the percentage of change (or CPM effect) were measured
as recommended by Kennedy et al. [41] and Yarnitsky et al. [42]. The absolute change
was calculated as the difference between the PPT during the conditioned stimulus and the
PPT before the conditioned stimulus. The percentage of change (or the CPM effect) was
calculated using the following formula [43]:

PPT during CSt — PPT before CSt

CPM effect = PPT before CSt

x 100 1)

where CPM denotes the conditioned pain modulation, CSt denotes the conditioned stimu-
lus, and PPT denotes the pressure pain threshold.

2.5. Statistical Analysis

Descriptive statistics were used to present demographic and clinical information. Data
normality was assessed using the Kolmogorov-Smirnoff test. Data results are expressed as
the mean (standard deviation) in case of continuous variables and relative and absolute
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frequencies in case of categorical variables. Independent ¢-tests were used to compare
absolute change and CPM effect between participants with FS and healthy controls.

The percentage of individuals with FS and healthy controls presenting a pro-nociceptive
profile or inefficient CPM and an anti-nociceptive profile or efficient CPM [42,44] was
calculated based on the inherent measurement error [31]. Those individuals in whom the
CPM effect was <5.3% were classified as pro-nociceptive, whereas a CPM effect of >5.3%
was considered as anti-nociceptive [30,42]. Statistical significance was set at a p-value
of <0.05. The chi-squared test was used to determine whether there were statistically
significant between-group differences regarding the pain profile.

3. Results

A total of 64 individuals with FS were age-, sex-, and side-matched with 64 healthy con-
trol subjects. The demographic data of the study participants are summarized in Table 1.

Table 1. Basal descriptive data.

FS (n = 64) Healthy (1 = 64)
Age (years) 53.58 (7.65) 52.63 (6.81)
Height (cm) 165.47 (1.06) 166.63 (0.90)
Weight (kg) 65.16 (1.49) 69.66 (1.35) 1
Gender:
Male 20 (31.25%) 20 (31.25%)
Female 44 (68.75%) 44 (68.75%)
Affected or measured side:
Left 30 (46.88%) 30 (46.88%)
Right 34 (53.12%) 34 (53.12%)
Duration of symptoms (months) 7.36 (4.21) -

Data are expressed as mean (standard deviation) or n (frequency). FS: frozen shoulder; SD, standard deviation.
1
p <0.05.

Statistically significant differences were found between individuals with FS and
healthy controls in weight. In addition, individuals with FS showed a mean basal PPT
significantly lower than healthy subjects (FS: mean = 320.63, SD = 197.39 kPa; healthy:
mean = 600.95, SD = 266.16 kPa; p = 0.00).

There were no significant between-group differences neither in the absolute change
nor in the CPM effect (Table 2).

Table 2. Pressure pain thresholds, absolute change, and conditioned pain modulation effect values in
individuals with frozen shoulder and healthy controls.

FS (n = 64) Healthy (n = 64)

Basal PPT (Kpa) 320.63 (197.39) 600.95 (266.16) !
Absolute change (kPa) 28.51 (92.71) 67.01 (149.25)
CPM Effect (%) 12.42 (29.87) 14.29 (25.02)

Data are expressed as mean (standard deviation) or # (frequency). FS: frozen shoulder; SD, standard deviation;
PPT, pressure pain threshold. ! p < 0.05.

A total of 24 subjects with FS (37.50%) showed a pro-nociceptive profile or an inefficient
CPM, and 40 (62.50%) showed an anti-nociceptive profile or an efficient CPM. Among
healthy subjects, 23 (35.93%) showed a pro-nociceptive profile, and 41 (64.06%) showed
an anti-nociceptive profile. There were no significant between-group differences in the
percentage of individuals presenting a pro-nociceptive profile and an anti-nociceptive
profile (x*: 0.034, p > 0.05).
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4. Discussion

This study investigated the efficiency of inhibitory endogenous pain mechanisms in
subjects with FS by using the CPM paradigm. The results showed that subjects with FS do
not present altered CPM efficacy compared to healthy controls, as no significant differences
in the absolute change or the CPM effect were found. In addition, no significant differences
in the clinical pain profiles between subjects with FS and healthy controls were found
as reflected by the similar percentage of individuals showing both pro-nociceptive and
anti-nociceptive profiles in both groups. These findings contradict our initial hypothesis
and suggest that impaired pain inhibitory mechanisms might not contribute to the pain
experienced by individuals with FS, as shown in other chronic pain conditions.

Our results are contrary to previous reviews that showed impaired CPM in people
with chronic pain in comparison topain-free controls [29]. However, recent studies that
assessed CPM in some chronic pain populations (i.e., painful diabetic neuropathy [30] or
temporomandibular disorders [45]) did not find differences in the CPM response between
patients and controls. Granovsky et al. [30] argued that this lack of between-group differ-
ences in pain inhibition might be due to an effort of the CNS-pain-controlling subsystems
to return to equilibrium, even when the perturbing factor (i.e., pain) is still prevalent. In our
study, the mean duration of symptoms of individuals with FS (i.e., 7 months) might have
been enough to induce the mentioned equilibrium between groups in pain-controlling sub-
systems.

Over the last years, abnormal CPM has been considered a valid biomarker of chronic
pain [46]. However, a recent systematic review questioned the clinical value of CPM as the
majority of studies analyzed reported non-significant correlations between CPM efficiency
and clinical manifestations of pain [23]. Heterogeneity in the methodology employed
among studies was highlighted by the authors as the main reason explaining those re-
sults. In this sense, the methodology we used to measure CPM was very similar to recent
recommendations by Vaegter et al. [47], who found that using PPT as the test stimulus
and occlusion cuff as the conditioning stimulus was the most reliable among 10 different
paradigms for assessing CPM. However, besides methodology, other factors have been
shown to influence the CPM response, such as oral contraceptives, catastrophizing, infor-
mation about conditioning stimulation, distraction, physical activity, or genetics [48,49].
These factors were not taken into account in our study and might have influenced our
CPM results.

Although patients with FS did not present an inefficient CPM compared to healthy
controls at an average population level, we cannot rule out that altered central pain-
processing mechanisms might be present at an individual level [50]. Indeed, an individual
assessment has been recommended to detect altered pain processing. In addition, we only
measured one surrogate of central hypersensitivity (i.e., CPM), so future research could
measure other suggested indices of CS, such as the temporal summation or the nociceptive
flexion reflex in individuals with FS, to evaluate if there are differences in pain-processing
mechanisms in comparison to healthy subjects.

Applying a painful treatment can inhibit the patient’s pain due to the phenomenon
of counter-irritation-induced analgesia, which is mediated by descending inhibitory path-
ways [4]. The fact that CPM was not altered in our study may imply that individuals
with FS would maintain their ability to inhibit pain when receiving a painful stimulus, for
example, in the form of manual therapy or exercises. It has been argued that the application
of painful treatment techniques in subjects with FS may be counterproductive and could
even lead to poor therapeutic outcomes [51,52]. In line with this, recent studies have identi-
fied a relationship between the presence of dominant central pain-processing mechanisms
and poor response to physical therapy interventions [53]. According to our results, the
mechanism by which painful treatment techniques could aggravate the patient’s condition
or explain poor outcomes after treatment in individuals with FS would not be explained by
impairment in CPM. It would be interesting, for instance, to investigate whether treatment
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responses are different in subgroups of individuals with FS with pro-nociceptive versus
anti-nociceptive profiles.

Consideration must be given to the limitations of this study. Despite having insuf-
ficient data to identify a certain CPM protocol as preferable, it has been recommended
in the literature to use two types of test stimuli (thermal and mechanical) [46]. We only
used a mechanical stimulus in this study. In addition, a parallel protocol (i.e., presenting
the conditioned stimulus in parallel to the conditioning stimulus) was used instead of a
sequential protocol, as recommended by expert opinion [46]. The examiner performing the
CPM assessment was blinded to the group allocation and participants were instructed not
to reveal their diagnosis. However, it cannot be discarded that during the CPM procedure,
the case group demonstrated a greater functional limitation, thus negatively influencing
the blinding process.

5. Conclusions

The present results suggest that subjects with FS do not exhibit a loss of descending
pain inhibition (i.e., impaired CPM) compared to healthy controls. Thus, alteration in
central pain-processing mechanisms seems to not be a characteristic of subjects with FS.
However, further research using other indices of CS is needed to draw firm conclusions.
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