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Abstract

Research has highlighted the importance of assessing movement-evoked pain (MEP) to elucidate the
underlying mechanisms and refine treatments in musculoskeletal pain. Rotator cuff (RC) tears are a
common cause of shoulder pain, and these patients often experience pain at rest, which worsens
during arm movements. Temporal summation (TS) examines the neuronal mechanisms underlying
ascending pain facilitation, which may be related to MEP in individuals with RC tears. Our objective
was to explore the relationships among TS, pain at rest, and MEP in individuals with symptomatic
RC tears. This study involved eighty-five participants diagnosed with symptomatic RC tears.
Spearman’s rank correlation coefficient was used to assess the relationships among TS, pain at rest,
and movement-evoked pain. Logistic regression was performed to determine the associations within
the subgroups of individuals with acute and chronic pain. A weak correlation between the TS and
MEDP (r = 0.23) was observed. There was also a wealk, statistically significant correlation between pain
at rest and MEP (r = 0.30). However, there was no correlation between TS and pain at rest (r=0.04).
These findings suggest that MEP and TS represent partially independent pain mechanisms in RC tear
patients and should be assessed separately in clinical practice.

Keywords: pain; quantitative sensory testing; shoulder; tendon

1. Introduction

Rotator cuff (RC) tears and their related symptoms impose a significant burden on the healthcare
system, causing 28.8% of individuals to seek consultation with general practitioners for shoulder pain
[1]. RC tears are common contributors to shoulder discomfort and impairment, becoming more
prevalent as individuals age [2]. Despite extensive research, the exact cause of shoulder pain resulting
from RC tears remains unclear. Asymptomatic RC tears were found to be twice as prevalent as
symptomatic RC tears in the general population [3]. These findings add to the complexity of
understanding shoulder pain associated with RC tears. The relationships between the severity of RC
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tears, pain, and disability experienced by individuals are complex and vary from person to person.
Hence, findings on imaging modalities do not align with patient-reported pain measures.

Recent research has reported that the prevalence of central sensitization in individuals with
chronic RC tears is 39.4%, which is higher than that reported in individuals with spine and knee
musculoskeletal disorders [4]. However, the evidence concerning central sensitization in rotator cuff
related shoulder pain (RCRSP) remains ambiguous [5], likely because of the inherent difficulties in
accurately and consistently measuring central sensitization directly in humans. Compared with those
at rest, individuals with RCRSP often experience increased pain levels when moving their shoulders
[6]. Recent studies have highlighted the importance of measuring movement-evoked pain (MEP) in
musculoskeletal disorders [7]. MEP represents a significant yet commonly ignored obstacle to patient
adherence to exercise programs [8]. The mechanisms underlying pain at rest and MEP are also
distinct [9]. Peripheral and central sensitization processes seem to contribute to the development of
MEDP [10,11]. The term "sensitivity to movement-evoked pain" refers to the heightened experience of
pain during a movement in reaction to repeated movements, such as repeatedly raising the arm [12].
However, research has revealed no correlation between the number of abnormal RC tendons and the
occurrence of pain triggered by movement in the shoulder [13,14].

Temporal summation (TS) is a psychophysical phenomenon assessed via quantitative sensory
testing in which a train of identical, brief noxious pulses (typically mechanical or thermal, delivered
at ~0.3-1 Hz) produces progressively greater pain ratings, even though each stimulus has the same
intensity. TS reflects the perceptual correlate of wind up, the electrophysiological process in dorsal
horn wide dynamic range neurons whereby repeated C fibre input at similar frequencies leads to a
progressively increasing discharge of action potentials [15].

In many chronic pain conditions, including the RCRSP, everyday movements repeatedly
activate peripheral nociceptors in a way that mimics the brief, repeated pulses used in TS paradigms.
These patients often exhibit exuberant TS (i.e., greater increases in pain ratings across the pulse train)
because their spinal circuits are primed. Spinal circuits become “primed” in chronic pain patients
through convergence of synaptic plasticity, loss of inhibitory control, neuroimmune activation, and
altered descending modulation. These changes lower the threshold for dorsal horn neurons to fire
and to summate successive C fibre inputs so that even normal or mildly noxious afferent volleys
produce exaggerated pain. As such, these patients may be prone to amplified pain during repetitive
arm movements. By identifying individuals with pronounced TS, clinicians can both anticipate which
patients will struggle most with activity-related pain and tailor interventions, such as graded
exposure, to target the underlying central facilitation. In the RCRSP, however, it remains unclear
whether the severity of MEP is significantly related to TS. Therefore, this study aims to establish the
relationships among TS, pain at rest, and MEPs in individuals with RC tears.

2. Materials and Methods

2.1. Study Design

This cross-sectional study was conducted within a prospective longitudinal study that aimed to
develop a prediction model for the development of chronic pain in individuals undergoing
arthroscopic rotator cuff repair (ARCR). Data collection was performed preoperatively before the
ARCR procedure. This study was conducted between August 2022 and January 2024. Institutional
ethics committee (Approval number IEC 40/2020) approval was obtained before the commencement
of the study. The trial was registered under the clinical trial registry with a registration number
(CTRI/2021/04/032929). All participants received a participant information sheet and signed a written
informed consent form before participating in the study. The study was conducted in accordance
with the Helsinki Declaration.
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2.2. Study Population

The study's inclusion criteria were individuals aged 18 to 70 years, with unilateral symptomatic
RC tears diagnosed through clinical examination and/or diagnostic imaging (diagnostic
ultrasound/magnetic resonance imaging), and participants with RC tears resulting from degenerative
and traumatic causes. The exclusion criteria included a history of shoulder surgery; other shoulder
disorders, such as osteoarthritis, instability, labral tear, or infection; a diagnosis of psychological
disorders; chronic pain in other body regions; systemic inflammatory conditions; neurological
disorders; or malignancy.

2.3. Procedure

Demographic characteristics, including age, sex, height, weight, duration of symptoms, affected
side, and dominant side, were recorded for all participants who agreed to participate in the study.
The participants were given a standardized briefing to introduce them to the numerical pain rating
scale (NRS). A familiarization session with the TS was conducted before the data were collected,
which included a trial of the TS with a mechanical stimulus on the contralateral knee at the area of
the tibialis anterior muscle. All the data were obtained by a qualified physiotherapist (APB) with 12
years of clinical experience.

2.4. Temporal Summation

The participants were told to use an NRS from 0 to 10, with zero indicating “no pain” and 10
denoting “most intense imaginable pain”. Each participant was subsequently instructed to rate their
level of pain at the test location on a 0-10 scale. Mechanical TS was assessed on the dorsal aspect of
the unaffected forearm. The mechanical stimuli were delivered via Semmes Weinstein monofilament
log 6.65, which was calibrated to bend at 300 g of pressure. The monofilament was used to deliver
the stimuli, and it was positioned vertically above the target site of contact. Initially, the researcher
applied a single pin-prick stimulus, followed by a series of 10 pin-prick stimuli delivered at a
frequency of 1 Hz within a 1 cm? area. Pain ratings were recorded after the first and tenth stimuli.
This procedure was repeated three times, and the average TS difference (TSp) score was used for
analysis. The TSp score was calculated by subtracting the first stimulus's pain intensity rating (TS1)
from the tenth stimulus's intensity rating (TS1o) [16].

2.5. Movement-Evoked Pain

The participants provided their pain ratings on the NRS for current pain at rest and movement-
evoked pain. Pain at rest was assessed while the patient sat upright on the edge of the bed without
using any support or sling for the affected shoulder. Measuring pain at rest as current pain intensity
while seated immediately before performing a task as baseline pain is suggested, as it allows for
direct comparison between pain at rest and MEP [17]. The participants were instructed to actively lift
their affected arm as much as possible in the scaption plane to measure the MEP, and the pain
intensity was recorded at the end of the available movement. This trial was repeated three times on
the affected shoulder, with a rest period of 2 minutes between each repetition. The average intensity
of the three trials was used to calculate movement-evoked pain. Higher values represented greater
pain ratings on the NRS. Testing MEPs while the shoulder is in active motion until the onset of pain
or at a maximum range of motion has been established as a reliable method for evaluating MEPs in
patients with RCRSP [18].

2.6. Statistical Analysis

The Jamovi 2.3.26 software was used for the statistical analysis. Descriptive statistics were
employed to present participant demographic data. As the data did not follow a normal distribution,
nonparametric statistics were used according to the Kolmogorov—Smirnov test. The relationships
between TS, movement-evoked pain, and pain at rest in RC tear participants were evaluated via
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Spearman's rank correlation coefficient. The values were expressed as correlation coefficients and
were interpreted as described by Hinkle et al. (2003), where ‘0" means no relationship, 0.00 to 0.30
means little if any correlation, ‘0.30 to 0.50" means a low positive correlation, ‘0.50 to 0.70" means a
moderate positive correlation, ‘0.70 to 0.90" means a high positive correlation, and 0.90 to 1.00" means
a very high positive correlation [19]. Logistic regression analysis was performed to determine the
associations between TS, movement-evoked pain, and pain at rest in participants subgrouped into
acute pain (< 3 months) and chronic pain (> 3 months). The level of significance was set at p < 0.05.

3. Results

This cross-sectional study examined 85 participants, and Table 1 displays the characteristics of
the participants. Most of the participants were middle-aged males who were right-hand dominant,
and nearly half of them experienced pain on the dominant side. The duration of symptoms varied
widely, and participants with both acute (n=40) and chronic (n=45) pain were included. The average
pain score indicates greater pain intensity during movement than at rest. The mean scores of TS at
the end of the first and tenth stimuli are displayed alongside the mean difference score for TS
(TSp=TS10 -TS1).

Table 1. General characteristics of the participants (n=85).

Characteristics Median (IQR)
Age (Years) 55 (9)
Height (Cm) 161 (14)
Weight (Kg) 70 (13)
Pain at rest 3(4)
MEP 7 (3)
TS 1(1)
TS0 53)
TSp 3(3)
Duration of symptoms (Months) 3(5)
Gender (Male/Female) 54 (63%) / 31 (36%)
Affected side (R/L) 46 (54%) / 39 (45%)
Dominant side (R/L) 85 (100%) / 0 (0%)

Table 2 displays the correlations between TS, pain at rest, and MEP in participants with RC tears.
A wealk, statistically significant correlation was found between the mechanical TS and MEP (r = 0.23;
p =0.02). MEP and pain at rest also demonstrated a weak, statistically significant correlation (r = 0.30;
p =0.005), whereas TS and pain at rest were not correlated (r = 0.04; p = 0.68).

Table 2. Spearman's (r) correlation between temporal summation, pain at rest, and movement-evoked pain. *p

<0.05.
TS Pain at rest
Pain at rest 0.04
MEP 0.23* 0.3*

As shown in Table 3, the logistic regression analysis revealed various associations between
different pain durations and factors. A relatively high odds ratio was observed for pain at rest (1.018
with CI (0.82 - 1.264)) and TS (1.153 with CI (0.901-1.475)), suggesting a potential association between
pain at rest, TS, and the presence of acute or chronic pain. In contrast, MEP had a lower odds ratio
(0.773 with CI (0.599--0.998)), indicating an inverse relationship with acute and chronic pain.
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Table 3. Association between pain at rest, TS, and MEP among the subgroup of individuals with acute and

chronic pain.

0dd 95% Confidence
Predictor Estimate SE V4 P ratios Interval
Lower Upper
Pain at rest 0.018 0.111 0.163 0.871 1.018 0.82 1.264
MEP -0.2571 0.13 -1.978 0.048 0.773 0.599 0.998
TS 0.1421 0.126 1.132 0.258 1.153 0.901 1.475
Note: Estimates represent the log odds of "Category = 1" vs. "Category = 0"

Category =1: acute pain; Category = 0: Chronic pain.

Despite these associations, the analysis also revealed that, within the subgroup of participants
with acute and chronic pain, there was no significant association between TS and pain at rest. The
model demonstrated mild predictive power, with an area under the curve (AUC) of 0.600 and a
nonsignificant p value (0.189), suggesting limited predictive ability. Furthermore, the model
exhibited a low McFadden’s R2 value (R2McF = 0.04), indicating that it explained only a small
proportion of the variance in pain outcomes.

Figures 1, 2, and 3 display scatter plots of the correlations between MEP and TS, between MEP
and pain at rest, and between TS and pain at rest, respectively.

Scatter Plot of MEP vs TS Diff

Figure 1. Scatter plot of the correlation between movement-evoked pain and temporal summation.

Scatter Plot of MEP vs TS Diff

Pain at rest
4

MEP

Figure 2. Scatter plot of the correlation between movement-evoked pain and pain at rest.
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Scatter Plot of Pain at Rest vs TS Diff
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Figure 3. Scatter plot of the correlation between temporal summation and pain at rest.

4. Discussion

This study investigated the correlations among TS, pain at rest, and MEPs in individuals with
symptomatic RC tears. A weak but statistically significant correlation was found between TS and
MEP and between pain at rest and MEP, but there was no correlation between TS and pain at rest.

According to a recent study comparing quantitative sensory testing measurements with MEPs
in persistent low back pain patients, TS explained 12% of the variation in MEPs [20]. In whiplash
injuries, TS could account for 20% of the variance in sensitivity to movement-evoked pain, suggesting
that certain processes underlying MEP also intersect with TS processes [12]. In individuals with knee
osteoarthritis, the association between sensitivity to physical activity and TS on the index knee was
relatively modest [21]. The pain-movement conceptual model emphasizes the interdependence
between pain and movement [22]. A recent study revealed that an imbalance in pain modulation,
characterized by increased pain facilitation detected through TS, could significantly contribute to the
severity of movement-related pain and impaired physical function in individuals with chronic low
back pain [23]. A significant association was found between the TS of mechanical pain and the
severity of clinical pain in adults suffering from chronic low back pain [24]. Our findings enhance the
understanding of MEP in individuals with symptomatic RC tears. A deeper understanding of how
facilitatory pain pathways influence MEP can lead to improvements in clinical practice and research.
Even though the intensity of the mechanical stimuli remained constant throughout the TS procedure,
RC tear patients reported noticeably more pain in response to the last application of the stimulus than
the first. The weak linear correlation between the TS and MEP in our study points towards two
distinct mechanisms for pain during movement and the facilitating process of ascending pain.

It has been suggested that changes in the central nervous system, lowering nociceptive
thresholds, and peripheral mechanical factors, such as the activation of silent nociceptors, are
responsible for MEP [11,25]. Unlike self-reported validated questionnaires, the MEP provides a pain
rating immediately after completing a physical activity. The observed weak, statistically significant
correlation between MEP and pain at rest suggests that these two pain experiences, although related,
are distinct and likely influenced by different underlying mechanisms. A study examining the
association between pain at rest and MEP in knee osteoarthritis patients concluded that there was an
absence of correlation between these two pain phenomena [17]. Pain at rest is frequently associated
with ongoing inflammation or tissue damage, which leads to persistent nociceptor activation even in
the absence of movement. In contrast, MEP involves the activation of previously silent nociceptors
that specifically respond to mechanical stimuli during movement [25]. This activation can occur even
without overt inflammation, indicating a distinct peripheral sensitization process. Furthermore, MEP
has been linked to central sensitization, where heightened sensitivity can amplify pain perception
during movement, also affecting pain at rest. In summary, the weak correlation between MEP and
pain at rest reflects their distinct underlying peripheral pathophysiological mechanisms. Recognizing
and assessing both types of pain can inform more comprehensive pain management strategies.
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The present findings suggest differential associations between pain characteristics and acute and
chronic pain states. Pain at rest and TS were positively associated with the presence of acute or
chronic pain, although these associations did not reach statistical significance. These findings are
partially consistent with those of previous studies, indicating that central sensitization mechanisms,
of which TS is a hallmark, are often elevated in individuals with chronic musculoskeletal pain [26].
MEP, in contrast, showed a statistically significant inverse association, which may reflect the
protective behavior observed in chronic pain states where individuals avoid movement to reduce
perceived threat or discomfort [27].

Study Limitations

This study is not without limitations. Since all our participants were diagnosed with
symptomatic RC tears and were on pain medications, we did not consider the role of pain
medications in facilitating pain mechanisms and MEP. Peripheral processes, such as muscle
weakness, can impact arm elevation while MEP is measured; the range of shoulder elevation was not
considered in our study. The initial study question aimed to develop a prediction model for chronic
pain following ARCR that formed the basis for sample size estimation in this secondary analysis. The
sample size calculation was not conducted with the objective of this study, but future investigations
should include a more rigorous uptake of study findings. The duration of pain among our
participants varied from acute to chronic, which may significantly influence the correlation results,
as TS is a phenomenon commonly associated with chronic pain.

Implications

From a clinical standpoint, a deeper comprehension of the interplay between various measures
of pain integration may hold significant value in assessing the risk of adverse pain-related outcomes.
Our findings indicate that individuals with sensitized responses to mechanical tasks may experience
pain during everyday activities such as arm elevation.

5. Conclusions

This study demonstrated a weak but significant correlation between MEP and TS in individuals
with symptomatic RC tears, suggesting partially overlapping yet distinct underlying pain
mechanisms. No association was observed between pain at rest and TS, supporting the hypothesis
that different neurophysiological pathways may drive resting and MEP. These findings underscore
the importance of evaluating both MEP and TS in clinical assessments, as they may inform targeted
interventions for movement-related shoulder pain.
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MEP Movement-Evoked Pain
RC Rotator Cuff
TS Temporal Summation

RCRSP Rotator Cuff Related Shoulder Pain
ARCR Arthroscopic Rotator Cuff Repair
NRS Numerical Pain Rating Scale
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