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People with musculoskeletal shoulder pain demonstrate no signs of altered

central pain processing

ABSTRACT

Background: Central sensitisation may contribute to persistent muscul oskel etal
shoulder pain. Few studies have provided a comprehensive sensory and psychosocial
evaluation of this population.

Objective: To comprehensively assess whether sensory function and psychosocial
aspects are impaired in people with shoulder pain and whether age, gender and
clinical outcomes are related to impaired sensory function.

Study design: Observationa case-control study

Methods: Twenty-three participants with muscul oskeletal shoulder pain and 23 age-
and gender-matched healthy participants were included. Static (pressure and thermal
pain thresholds) and dynamic (temporal summation) quantitative sensory testing was
performed bilaterally at the shoulder and remote tibialis anterior muscle. Conditioned
pain modul ation was measured at the affected/matched shoulder. Shoulder function
(SPADI), depression, anxiety and stress (DASS-21) and health-related quality of life
(EQ-5D-5L) were al'so measured. Comparisons were performed between body regions
and groups. Age and gender were included as factors in analyses. Clinical outcomes
were tested for correlation with sensory measures.

Results: Shoulder pain group had higher local pressure pain threshold (i.e.,
hypoalgesia; p = 0.03; Z = 0-5.04), higher SPADI score (p < 0.01; Z = -5.76) and
higher EQ-5D-5L (p < 0.01; Z = 5.23) compared to the control group. There was no
difference between groups for thermal pain sensitivity, dynamic sensory testing or

psychologica measures.



Conclusion: People with shoulder pain demonstrated mechanical hypoalgesia,
increased upper limb disability and poorer quality of life compared with healthy
controls. Central sensitisation seems not be a characteristic of muscul oskel etal

shoulder pain athough it could be present in a subgroup of patients.

Keywords: central nervous system; CNS sensitisation; quantitative sensory testing;

shoulder pain



People with musculoskeletal shoulder pain demonstta no signs of altered central

pain processing

ABSTRACT

Background: Central sensitisation may contributpdrsistent musculoskeletal shoulder
pain. Few studies have provided a comprehensiv&sgand psychosocial evaluation
of this population.

Objective: To comprehensively assess whether sgfisoction and psychosocial
aspects are impaired in people with shoulder paghvehether age, gender and clinical
outcomes are related to impaired sensory function.

Study design: Observational case-control study

Methods: Twenty-three participants with musculostalshoulder pain and 23 age- and
gender-matched healthy participants were inclu8éatic (pressure and thermal pain
thresholds) and dynamic (temporal summation) qtetive sensory testing was
performed bilaterally at the shoulder and remdiilis anterior muscle. Conditioned
pain modulation was measured at the affected/mdtsheulder. Shoulder function
(SPADI), depression, anxiety and stress (DASS-2d)reealth-related quality of life
(EQ-5D-5L) were also measured. Comparisons wetfeimeed between body regions
and groups. Age and gender were included as faict@nsalyses. Clinical outcomes
were tested for correlation with sensory measures.

Results: Shoulder pain group had higher local presgain threshold (i.e., hypoalgesia;
p = 0.03; Z = 0-5.04), higher SPADI score (p < QD% -5.76) and higher EQ-5D-5L

(p <0.01; Z =5.23) compared to the control groligere was no difference between
groups for thermal pain sensitivity, dynamic seggesting or psychological measures.
Conclusion: People with shoulder pain demonstratedhanical hypoalgesia, increased

upper limb disability and poorer quality of liferopared with healthy controls. Central



sensitisation seems not be a characteristic of nhoskeletal shoulder pain although it

could be present in a subgroup of patients.

INTRODUCTION

Musculoskeletal shoulder pain is the third mosfidient reason people seek treatment
from a healthcare professional (McBeth and Jor@&72 and while there is evidence
that suggests conservative interventions can regaiceand improve function
(Camargo et al., 2015; Haik et al., 2016), 50%aifgnts report persistent pain at six
months and 40% still have pain at one year (Bat.eR005; Croft et al., 1996; Kuijpers
et al., 2006). There is debate regarding the nfésttere management strategies for
patients with shoulder pain, as the underlying pallysiology may involve more than
local tissue pathology (Littlewood et al., 2013;tdloet al., 2017; Sanchis et al., 2015).
That is, similar to other persistent musculoskéletaditions, both peripheral and
central pain processes may contribute to the @irpeesentation of persistent shoulder

pain (Borstad and Woeste, 2015; Noten et al., 284awnchis et al., 2015).

Central sensitisation is defined asasnplification of neural signalling within the

central nervous system (CNS) that elicits pain hypersensitivity (Woolf, 2011), and is
clinically observed as aberrant sensory procesasitige CNS, malfunctioning of the
diffuse noxious inhibitory system, and/or enhanaetivity of pain facilitation pathways
(Nijs et al., 2014; Woolf, 2011). Neurophysiolodichanges in central sensitisation are
related to alterations in the cortical network thmetdulate pain processes through
neurological, psychosocial and local tissue facterger, 2017; Nijs et al., 2014;

Wijma et al., 2016) and have been found in diffeskfroulder conditions (Gwilym et



al., 2011; Hidalgo-Lozano et al., 2010; Paul et2012). Although there is no gold
standard for diagnosis, quantitative sensory t@gtWsT) is being employed to identify
characteristics thought to be related to centnagisisation and to assist in monitoring of

chronic pain processes (Wilder-Smith, 2011; Yakyitst al., 2014).

Depression and anxiety have also been found toateedentral sensitisation and predict
prognosis in musculoskeletal conditions (Oreniuale012; Schafer et al., 2017;
Wong et al., 2014). Specifically at the shouldeeré seems to be a higher prevalence
of depression and anxiety in people with shoulden phen compared to healthy
controls (Cho et al., 2013). Also, high levels eptession and anxiety have been
correlated to shoulder disability in patients watironic shoulder pain (Badcock et al.,
2002; Cho et al., 2013), which illustrates a pdssmiiteraction between psychological
status and shoulder pain. Therefore, these psygitaldactors may play a key role in
the explanation as to why musculoskeletal pain mesochronic (Vranceanu et al.,

2009).

Signs and symptoms of central sensitisation haea beund in 65-90% of people with
shoulder pain (Coronado et al., 2014, 2015; Gwigtral., 2011; Paul et al., 2012), and
its presence may contribute to poor treatment onésoand prognosis (Gwilym et al.,
2011; Kuijpers et al., 2006; Noten et al., 2014l al., 2012). This notion is
supported by two systematic reviews that conclutiaticentral sensitisation might be a
feature of chronic shoulder pain (Noten et al.,Z@anchis et al., 2015). However,
most of the studies included in these reviews ordjuded one or two sensory
modalities and mainly locally at the affected slaeul Only one study has recently

examined sensory function in participants with at@fal shoulder pain compared with



healthy controls using a comprehensive QST profacdiuding static and dynamic
assessment methods (Kuppens et al., 2017). Thdg &und no features of central
sensitisation in the shoulder pain group basedherabsence of local or remote
alterations in pressure pain, vibration or shateden thresholds, in dynamic pain
modulatory mechanisms, nor psychological aspetdseckto pain vigilance and
catastrophising (Kuppens et al., 2017). Howevemllmeasures of sensory function
were performed only at the upper trapezius muselly bnd only mechanical pain
sensitivity was assessed. Therefore, more compseleetesting is required to better

understand the role of central sensitisation irukher pain.

The primary aims of this study were to investigateether musculoskeletal shoulder

pain is related to impaired sensory function anshtestigate whether musculoskeletal
shoulder pain is related to psychosocial behaviothie secondary aims were to assess
whether age, gender and clinical outcomes influseosory function. The hypotheses
were that participants with shoulder pain will ebthlocal and widespread hyperalgesia
as well as afferent facilitation to noxious stimiticreased anxiety and stress states, and
poorer quality of life compared to healthy partanps. Also, we hypothesised that high
anxiety and depression states and poor qualityeoivould be associated with

widespread hyperalgesia in participants with sheupgin.

MATERIALS AND METHODS

Participants

Twenty-three participants (mean age £ SD 35.6 8 Y&ars; 9 women) with unilateral
musculoskeletal shoulder pain (shoulder pain greumgl) 23 healthy control (33.7 £ 10.7

years) volunteers were consecutively recruited ftioengeneral community between



January and March 2015. Participants were recruiteghnail and print advertising at

local community centres, orthopaedic clinics, and university buildings. Eligibility for
inclusion in the shoulder pain group included patithe proximal anterolateral aspect
of the shoulder that was aggravated by arm elavasiod of at least six weeks duration
together with positive findings on at least thré¢he following tests (Michener et al.,
2009): Neer (Neer, 1972), Hawkins-Kennedy (Hawkind Kennedy, 1979), Jobe
(Jobe and Moynes, 1982), painful arc (Kessel ants@va 1977), and external rotation
resistance (Park et al., 2005). Tests were perfotmyea qualified physiotherapist with
8 years’ experience in musculoskeletal physiotherBgarticipants were excluded from
the shoulder pain group if they had any form catingent for the shoulder in the past six
months or for any other musculoskeletal pain ingast three months. Healthy control
participants were age, gender, weight, height amdidance matched to their shoulder
pain counterparts. Eligibility for enrolment irttoe healthy group included no history

of shoulder pain or any other pain lasting more thoaur weeks.

Exclusion criteria for both groups included histofycancer, cardiac, systemic or
neurological disorders, use of medication knowaftect sensory sensitivity (e.g.,
opioids, gabapentin), surgery or significant sheuidjuries (e.g., dislocations or
fractures) (McClure et al., 2006). This study wppraved by the XXX University
Human Research Ethics Committee and was conductexicing to the Declaration of
Helsinki. Participants gave written informed cortgator to their enrolment in the

study.

Procedure

Fifty-two volunteers with shoulder pain were scre@rand 29 did not meet the



inclusion criteria because of one of the follownegsons: shoulder pain from cervical
origin, upper trapezius pain, shoulder fracturdistocation, bilateral shoulder pain,
recent cortisone injection, associated chronicwelbolow back pain, or unable to
attend the data collection section. Twenty-thragigipants completed the testing
session. Following collection of demographic andichl data, outcome measures were
recorded in a single session using a test ordegrokd to avoid systemic provocation of
hyperalgesia after thermal stimuli (Grone et @12): 1) active shoulder range of
motion (ROM); 2) temporal summation (TS); 3) presspain threshold (PPT); 4) cold

(CPT) and heat pain thresholds (HPT); and 5) caaid pain modulation (CPM).

Outcome Measures

Questionnaires

Worst shoulder pain experienced over the past 24shwas measured using a 0-10
point numerical rating scale (NRS; 0 = no painlkatl® = worst pain experienced), a
valid and reliable measure of pain severity (Gadl&get al., 2001). We interpreted the
NRS scores to be mild (1-3), moderate (4-6) or se(¢&-10). Pain and disability were
measured using the Shoulder Pain and Disabilitgxr(®&PADI), a validated condition-
specific questionnaire with a total score rangmagf O (no pain or disability) to 100
(maximal pain and disability) (Ekeberg et al., 20B8ach et al., 1991). Psychosocial
behaviours were assessed with the following quesstives: the Depression Anxiety
Stress Scale (DASS-21; score 0 - 21) (Henry anavford, 2005), Quality of Life (EQ-
5D-5L with UK value set -0.285 to 1) (Devlin et,&018; McCaffrey et al., 2016;
Rabin and Charro, 2001), and the single globahgadif self-perceived health (EQ-

VAS, range: 0 to 100).



Physical Measures

In standing, participants were asked to activeigergheir arm (elbow extended and
forearm in mid pronation) in the plane of the sdapuntil they first felt pain in the
affected shoulder (Kolber et al., 2011). A measirneain-free ROM was taken three
times at 30-second intervals with a universal gomter (Kolber and Hanney, 2012)

and the average used in further analyses.

Temporal summation (TS) was measured using an 18 g-rey filaments as pinprick
stimuli (North Coast Medical, San Jose, CaliforrflRdlke et al., 2006). The
monofilament was applied as a single stimulus (pokpstimulus) to the painful
shoulder (mid-deltoid region, halfway between thiedal border of the acromion and
deltoid insertion), and also the contralateraktilsianterior (upper one third of the
muscle belly) in a random order. A measure of gawerity was recorded using a 0-100
mm visual analogue scale (PVAS, 0 = no pain, 1@rst pain imaginable). After a
15-seconds interval, 10 pinprick stimuli were apglivithin 1cnf of the same area with
a 1-second inter-stimulus interval (ProMetronome AYiao Yisiang, Apple store).
Participants were again asked to rate pain intemsinediately following the 10
stimulus. This process was repeated 5 times wélirminutes interval and the
difference in PVAS between the first and"9imuli was averaged and defined as
‘temporal summation’ for further analyses. Tempatahmation is a valid method to
assess excitability of spinal cord neurons thathres a plateau after five stimuli (Rolke

et al., 2006).

Pain thresholds (PPT, CPT, HPT) were measurecehallg over the shoulder and

contralateral tibialis anterior muscle in a randomer. PPT, defined as the minimum



amount of pressure that provoked the first onsgtad, was assessed using a pressure
algometer (Somedic AB, Farsta, Sweden) with 4ombe tip. Triplicate measures were
taken at each point (30 s inter-stimulus intenaat)] the average calculated for use in

further analyses (Chesterton et al., 2007).

CPT/HPT were measured using the Neurosensory Aeraly@A-11 (Medoc, Israel)
with a 9 cnf contact thermode. The baseline temperature was 82°C and the skin
was cooled (CPT) or heated (HPT) at a rate of ¢ Uséil the instant the participant
indicated the first sensation of cold/heat-withrp@ninimum temperature 0°C;
maximum temperature 50°C) (Coombes et al., 201#). frobe then returned to 32°C
at a rate of 5°/sec, with a 30-second rest intgyrial to the next test. Each test was

repeated three times and the results averageddamdhe mean threshold value.

The Cold Pressor Test was used as the conditictimgilus for assessment of CPM.
Firstly, the participants’ unaffected (healthy coht matched) hand was immersed in a
recirculating water bath (Polyscience model 912e$\ilL) at a constant temperature of
2° + 0.5C. Participants were instructed to verbally reploetmoment when they first
felt pain during immersion, with this time recordesithe cold pain threshold. Cold pain
tolerance was reached either when the participéhtivew the hand due to pain
intolerance or at the maximal time limit of 2 miesitwater immersion. Participants
rated their worst pain during the water immersiBRWAS) immediately upon removal

of their hand from the water. The test stimuli udedng the CPM paradigm were
PPTs. PPTs were measured every 30 seconds oveidfaeltoid muscle on the
affected (healthy control = matched) side duringewanmersion, immediately

following withdrawal, and 30 and 60 seconds postdnawal from the water. The



average and peak PPT during- and post-Cold Préssbmwere calculated separately
and used in further analyses. Average PPT durird Bessor Test was defined as the
mean recorded PPTs measured until 90 seconds cnsion. Average PPT post-Cold
Pressor Test was defined as the mean recordedrR@axired following removal of the
hand from immersion. Absolute and relative CPM ealwere calculated as
recommended (Yarnitsky et al., 2015). Absolute OR&4 the difference of the
respective ‘Peak PPT (during or post-Cold Presgst)Tfrom the average of the
triplicate baseline PPTs. Each of these CPM valkasconverted to a percentage

(relative CPM) using the formula [(PPkk— PP Baseling/ PPTgaseiind] * 100.

Sample size

Sample size was calculated based on an estimdtecedce in PPT of 98 (standard
deviation, SD 137) kPa between shoulder pain aatthecontrol groups from previous
studies (Alburquerque-Sendin et al., 2013; Paal.e2012). With two-tailed
significance set at 0.05 and power at 90%, it vedsutated that a minimum of 23

participants were required for each group.

Statistical analyses

The affected side in the shoulder pain group wasmea in the control group based on
limb dominance. The distributions of data were sssé using visual inspection, box
plots and the Shapiro-Wilks test. Normally disttéxlidata are reported as means and
standard deviations (SD) or 95% confidence intar{@5% CI) in the text. Otherwise,
data are reported as median and interquartile rHQd. Appropriate parametric or
non-parametric statistics were calculated for unstéd univariate comparisons between

shoulder pain and control participants. Multileseddelling, using the linear mixed



models (LMM) function in SPSS (V24, IBM, Chicago A)lS(Welch et al., 2007), was
used to account for the repeated responses giveadyyparticipant for analyses of
PPT, CPT, HPT, TS and CPM. Individual trial dattt{er than averages) for each
stimulus were included in multilevel modelling. Thedels controlled for the repeated
measures by including random effects for partidipaither a random intercept or a
random slope, as determined during model buildihgariance components covariance
structure and restricted maximum likelihood estiora{REML) were used. In addition,
age and gender were initially included in all mudtiable models as potential

confounders, and were retained in the final moidelki 0.05.

Group differences in HPTs, CPTs and PPTs were iigated using LMM with a
random slope accounting for repeated measure® (thaés of each measure performed
over the affected/non-affected shoulders and remiwtdis anterior region). The model
investigated the effects of Region (affected shewitbn-affected shoulder/remote
tibialis anterior) and determined if the effectfeatied by Group (shoulder pain/control).
Similarly, group differences in TS were investightesing LMM with a random slope
accounting for repeated measures (five trials ohdgpoch performed for each body
region and individual variability). The model evatad the effect of Epoch
(single/repeated) and body Region (affected shottibli@lis anterior) on Pain Ratings
(PVAS) and determined if the effects differed by@y (shoulder pain or control). A
random intercept LMM model was constructed to itigase CPM and evaluate the
effect of Time (pre-test or during immersion) omslider PPTs and determine if the
effects differed by Group (shoulder pain or contrBbnferroni correctegost hoc tests
were used to investigate group differences for Inadllels. Spearman’s rho correlation

coefficients were calculated to assess the relshiprbetween clinical (duration of
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condition, SPADI, DASS, EQ-5D-5L, EQ-VAS, ROM) adgnamic pain modulation
characteristics (relative CPM% and TS) for the $the@upain participants only, with
Bonferroni adjustment for multiple comparisons.tiStecal significance was set at p <
0.05, with all analyses performed using StatistRatkage for Social Sciences (version

24.0; SPSS Inc., Chicago, IL).

RESULTS

Questionnaires

Shoulder pain participants demonstrated moderagdef pain (NRS), mild levels of
disability (SPADI) and poorer quality of life (EQ@55L and EQ-VAS) compared to

controls (Table 1).

Table 1:Baseline characteristics of study participants

Healthy control Shoulder pain

Test
(n=23) (n=23) .
Mean (95% CI) Mean (95% CI) Sta;St'C p Value
Median [IQR] Median [IQR]
NRS (0-10) N/A 4.6 (3.5, 5.7)
Symptoms duration
(weeks) N/A 149.3 (68.2, 230.7)
SPADI - Pain (/50) 0[O0, O] 2312, 29] -5.82 < 0.001*
f;gSD' — Disability 0[0, 0] 14 [6, 26] 550 < 0.001*
SPADI - Total (/130) 0 [0, O] 38 [26, 57] -5.76 < 0.001*
Depression (0-21) 1[0, 2] 2 [0, 4] -1.09 0.28
Anxiety (0-21) 0[O0, 3] 110, 4] -1.22 0.22
Stress (0-21) 30, 4] 42, 8] -1.68 0.09
EQ-5D-5L (-0.285-1) 1[0.93, 1] 0.84[0.76,0.87] 5.23 <0.001*
EQ-VAS (0-100) 85 [75, 95] 78 [70, 85] -2.62 0.009*

Legend CI = confidence interval; IQR = interquartile randNRS = numerical pain
rating scale; SPADI = Shoulder Pain and Disablhiyex; EQ-5D-5L and EQ-VAS =
guality of life; N/A = Not Applicable, indicatinghtat these measures were not collected

in the healthy control group.
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Physical Measures

Range of motion
The shoulder pain group presented with a significaguction of active pain-free

scaption ROM compared to healthy controls (Table 3)

Temporal summation

Results from univariate analysis of temporal sunwnafTS) showed higher pain
ratings in the shoulder and tibialis anterior fepeat (x10) pinprick stimuli in the
shoulder pain group, resulting in significantly @exr temporal summation in the

shoulder pain group for both body regions comp#wdtie control group (Table 2).

Table 2: Unadjusted participant pain ratings fora#tl #10 stimuli in the painful

shoulder and lower limb during temporal summation.

Pain scores (NRS 0-100)

Healthy Shoulder Test Statistic

control pain (n=23) Mann-Whitney
Region Epoch (n=23) Median U

Median [IQR] [IQR] Z
(/100) (/100) P

Affected shoulder #1 01[0,1.8] 0 [0, 3.4] -0.55 .5
Affected shoulder #10 2.6 [0.4, 8] 6.0[3, 9.8] 4.7 0.08
Affected shoulder *
difference #10 - #1 1.2 0.4, 6.6] 4.2[1.4,6.8] -1.960.05
Tibialis anterior #1 0[O0, 1.6] 0.8 [0, 3.4] -1.78 0.08
Tibialis anterior #10 1.6 [0, 5] 5.6 [3, 9.6] -2.880.004*

Tibialis anterior difference  #10 - #1 0.8[0,3.4] 5.0[1.8,8.4] -2.50 0.012*

Legend: IQR = interquartile range; #1 = first epdahsingle pinprick stimulus; #10 =

tenth epoch for 10 pinprick stimuli traiBolded *p < 0.05.

The multilevel model revealed a significant maifeef of Epoch (F46.0= 53.6, p <

0.001) with post hoc testing showing that painmnggiwere higher for the #10 applied

12



stimuli, irrespective of body region or group. Téeras no significant Group*Epoch
effect (R 46.0=2.89, p = 0.10) or main effect of Group (5= 3.79, p = 0.058),

indicating that pain ratings for #1 or #10 applgtiehuli did not significantly differ by

group.

Pressure and thermal pain thresholds
The shoulder pain group demonstrated higher PRarsttie healthy control group for
the affected shoulder (Table 3). There were norctigmificant thermal or pressure pain

threshold group differences demonstrated for amylvegion (Table 3).

Table 3: Thermal and pressure pain threshold foulsler pain and control groups.

Healthy control Shoulder pain Test Statistic
(n=23) (n=23) Mann-Whitney U
Median [IQR] Median [IQR] Z p

Scaption ROM (°) 177 [173.0, 181.0] 134 [93.0, 163.0] -5.04 < .001*
PPT (kPa)
Affected shoulder 193 [156.0, 320.0] 276 [207.06.86 -2.16 0.03*
Non-affected shoulder 210 [147.0, 328.0] 264 [1936Y.0] -1.67 0.10
Tibialis anterior 295 [189.0, 414.0] 289 [237.0p47 -0.61 0.54
CPT (°C)
Affected shoulder 8.3[2.9, 17.3] 19.2 1.0, 25.8] -0.92 0.36
Non-affected shoulder 5.3[0.1, 19.1] 13.5[0.6225 -0.66 0.51
Tibialis anterior 4.8 [0, 22.7] 12.8 [3.1, 25.5] .94 0.052
HPT (°C)
Affected shoulder 46.6 [43.8, 48.6] 459 [42.0646. -0.40 0.69
Non-affected shoulder 46.7 [43.9, 48.1] 45.6 [43.B0] -0.97 0.33
Tibialis anterior 45.5 [44.5, 48.1] 45.0 [42.4,%6. -1.56 0.12

Legend: ROM = range of motion; PPT = pressure traieshold; kPa = kilopascal;

CPT/HPT = cold/heat pain thresholds; IQR = intertjlearange;Bolded *p < 0.05
After controlling for gender, multilevel modellifgr PPTs demonstrated significant
main effects for region ¢gs77=9.88, p < 0.001) and group:(ks.0= 4.95, p = 0.031).

There was no significant interactive region*grodfeet. Post hoc tests demonstrated

13



that PPTs were higher in the tibialis anterior whempared to the affected (p < 0.001)
or non-affected (p < 0.001) shoulder, and there mzasignificant difference between
shoulders (p = 0.69). The shoulder pain group destnated higher PPTs than the

control group (p = 0.031) independently of the oagimain effect of group).

After controlling for age, multilevel modelling f&t#PTs and CPTS demonstrated a
significant main effect for age (HPTi gs2=7.17, p = 0.01; CPT:1R62=4.31, p =
0.044), with post hoc tests showing that increasigg resulted in increased HPT and
CPT. There were no significant interactive regiaotg effects (HPT: zs7=1.13, p
=0.33; CPT: kgs6=0.24, p = 0.79), region (HPT2 k7= 0.20, p = 0.82; CPT:2kss
=0.39, p =0.68), or group (HPTi ks s= 3.00, p = 0.09; CPT:1k59= 3.15, p = 0.08)

for either HPT or CPT, indicating that thermal ptiresholds did not differ across body

regions or between groups.

Conditioned pain modulation

Apart from a significantly increased peak PPT duyiimmersion for the shoulder pain
group, the results from conditioned pain modulasbowed no significant differences
between the healthy control and shoulder pain grdtipble 4). One participant in each

group was unable to immerse their hand for thelfdl seconds.

Table 4: Unadjusted conditioned pain modulatiomnltegor shoulder pain and healthy

control groups.

Healthy Shoulder pain Test Statistic
control (n=23) (n=23) Mann-Whitney U
Median [IQR] Median [IQR] Z
Mean (95% Cl) Mean (95% Cl) P

CPM

14



Cold pressor threshold (s) 8 [5, 10] 8 [6, 11] 1.5 0.13
Cold pressor tolerance (s) 120 [120, 120] 120 [120] -0.59 0.56
(CNOF',dR‘;r/elsos)or maximum pain 8.5[7.2,9.1] 8.8 [8.0, 10] -1.65 0.10
?2;“('3;;; PT pre-Cold Pressor 45 1156 300 277 [207, 366] -1.29 0.20
é‘(’)‘f(;agreegggr“#de‘zt '?EPTa;"“”r‘g 324 [278,476] 425 [333, 512] -1.70 0.09
gf:sksz?‘%“e'gf{kzz; during Cold  5ee 1330 528] 545 [378, 579] 200  0.046*
é‘(’)‘f(;agreegggr“#de‘zt F(fPTa;’OSt' 296 [212, 404] 388 [258, 502] -1.88 0.06
gf:sksz?‘%“e'gf{kzz; post-Cold 531 1955 466] 397 [314, 545] 1.73 0.085
’Q:’;;’;‘étreT(eft'\?k‘g}g)ing Cold 184 [140, 263] 217 [132, 295] .0.88 0.38
Efe"';‘g‘é‘f TCeF;':"(f/Ot;””g Cold 96 (73, 119) 85(63,108) 1;4=068  0.50
ﬁ:’:;’;‘étreT(e:;'\?kFF’%s)t'Co'd 135 [60, 157] 140 [64, 208] -0.80 0.42
Relative CPM post-Cold Pressor 61 (41, 81) 56 (34, 79) tw=-1.85 0.07

Test (%)

Legend: CPM = Conditioned pain modulation; IQR tefquartile Range; Cl =
Confidence interval; NPRS = Numerical pain ratingle; PPT = Pressure pain

threshold; kPa = kilopascdplded *p < 0.05.

After controlling for the effect of gender, the miglvel model revealed that CPM (i.e.,
difference between pre-Cold Pressor Test PPT aakl BBT during Cold Pressor Test)
was similar for both study groups (Group*Time iatgtion: F 44= 0.65, p = 0.42).
There was a significant main effect of Group /= 5.37, p = 0.025) and Time (i.e.
Pre/During Cold Pressor Test) @@= 39.8, p < 0.001), indicating that PPTs were
higher overall in the shoulder pain group (irrespecof immersion status) and higher

during immersion in 2°C water compared to pre-Geidssor Test for both groups.

Association between clinical characteristics and paodulation
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There were no significant correlations (Bonferronirected for multiple comparisons)
demonstrated between duration of symptoms (p >)0sglf-reported pain (p = 1.00),
disability (p = 1.00), Total DASS scores (p > 0,d6Q-5D-5L (p = 1.00) or ROM (p =

1.00), and either dynamic measure (i.e. TS orive@PM%) of pain modulation.

DISCUSSION
This study investigated whether sensory functios altered in people with shoulder
pain compared to healthy controls using staticdyramic measures of pain
processing. The study also assessed whether timiteomes were related to dynamic
sensory function. The results partially supportedio/potheses. Compared to healthy
controls, people with shoulder pain presented Watial mechanical hypoalgesia.
However the hypoalgesia effects were small anctlvaitally meaningful. Increased
mechanical hypoalgesia was also observed in thédéropain group during the cold
pressor test. Upper limb function and quality t# lvere significantly impaired in this
population while depression, anxiety and stregdestaere not. We also found that

clinical outcomes were not related to dynamic sgnmction.

Our findings do not support the hypothesis thatregésensitisation is a feature of
musculoskeletal shoulder pain. While the should&n group exhibited significant local
mechanicahypoalgesia (i.e., increased PPTs at the affected dagutompared to the
control group, the between-group difference waschoically important (Bisset et al.,
2015; Fisher, 1990). A recent study reported sinfitedings of no difference in PPT,
TS or CPM in participants with shoulder pain conggito healthy controls (Kuppens et
al., 2017). However, this conflicts with other sesglthat reported widespread

mechanical hyperalgesia (Coronado et al., 2014, &al., 2012), increased local
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temporal summation of thermal pain (Coronado et8él14; Valencia et al., 2012) and

decreased descending inhibition (Valencia et @122 in people with shoulder pain.

Differences in findings between studies may beaxrpd by methodological
differences and by clinical differences in studpegbulations. For example, CPM
methods reported in the literature incorporateedéht conditioning stimuli (e.g.,
contact thermode (Kuppens et al., 2017) or coldgmetest at varying intensities of 8°C
(Valencia et al., 2012) compared to 2°C in our wtuand different test stimuli such as

algometry (Kuppens et al., 2017) or suprathresheht pain (Valencia et al., 2012).

Differences in study populations may also influeresults. For example, the mean
duration of shoulder pain in our study was appratety 3 years, compared to 6-70
months (Coronado et al., 2014; Kuppens et al., 2Paul et al., 2012). Although a
longer duration of the condition correlates witgher prevalence of peripheral and/or
central sensitisation processes both in individuatls shoulder pain (Coronado et al.,
2014) or other musculoskeletal pain conditions saglow back pain (Corréa et al.,
2015) our findings did not demonstrate such a tatiom. Given the chronicity of
shoulder pain in our cohort, the mechanisms anttiboing factors underpinning
musculoskeletal shoulder pain currently remain esacIMoreover, our population
presented with low levels of shoulder disabilitglaamoulder pain had to be provoked
during arm elevation. In contrast, Valencia e{2012) and Coronado et al. (2014)
included people with shoulder pain also associatédadhesive capsulitis and people
who were scheduled to undergo arthroscopic surgédrigh may suggest participants
had greater degrees of shoulder disability in tloélser studies compared to our cohort.

Therefore, symptom severity might play an importah¢ in influencing the

17



development and maintenance of central sensitisatioce people with subacromial
and/or internal impingement may only experience patermittently while those with

adhesive capsulitis may have constant pain andidggbn.

Central sensitisation is characterised by impagredibgenous pain inhibition,
overactive endogenous pain facilitation or tempstamhmation (Nijs et al., 2014,
Woolf, 2011). Increased temporal summation hasipusly been identified in
conditions such as chronic fatigue (Collin et2017), fibromyalgia (Arendt-Nielsen
and Graven-Nielsen, 2003; Staud et al., 2007) &adhijom limb pain following
amputation (Vase et al., 2011). While the prestrttysdid not find evidence of altered
temporal summation in the shoulder pain group afatrolling for baseline score and
body region, it is possible that some individualthim the cohort displayed increased
temporal summation. The study was not powered davagxploration of sub-groups
within the shoulder pain group. As such, a largdrart study is necessary to
understand whether some individuals with shouldén pre more likely to present with,

or develop, afferent facilitation mechanisms ralate central sensitisation processes.

There are some limitations that must be consideréae present study. The small
sample size and cross sectional study design limgtgeneralisability of the results. A
longitudinal study is needed to assess the caelksdianship between sensory and
clinical characteristics and also the influencearfisory changes on treatment outcomes.
Pain inhibition or facilitation may be influenceg bther biological and psychosocial
factors that were not fully investigated in thigdst, such as optimism and pain
catastrophising (Goodin et al., 2013, 2009). Vatens with comorbidities were

excluded in the current study, so the results nmya generalisable to individuals with
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concomitant musculoskeletal disorders such as paitkor even to those with more
severe shoulder pain symptoms such as early stdgehesive capsulitis, which might
be incorporated in future studies. Lastly, the oote assessor was not blind to the
participant group, which may lead to a risk of bidewever, he was blind to all the
sensorial measures, as a second assessor reagtarted these measures out of the
primary assessor’s vision. It is important to hight that, when dealing with physical
measures, blinding of relevant parties is oftemearely difficult (Boutron et al., 2004).
Also, although trials with inadequate blinding skassor or participants tend to
overestimate group differences, a recent systematiew of clinical trials did not find
differences in treatment effects between studiasdtu use a blinded assessor and/or
participants and studies that did not (Armijo-Olioal., 2017). Notwithstanding this,
the lack of between-group differences in our stsdggests that there was minimal bias

from the unblinded outcome assessor.

CONCLUSION

People with musculoskeletal shoulder pain did mohdnstrate clinically meaningful
differences in sensory function compared to heattintrols. Central sensitisation may
not characterise musculoskeletal shoulder paihpagh it may be presentin a
subgroup of patients. In addition, clinical andg@®ylogical outcomes were not

associated with changes in sensory function ingbulation.
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