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Abstract

Initial evidence suggested that people with Comjitegional Pain Syndrome (CRPS) have

reduced attention to the affected side of theinfard the surrounding space, which might be



related to pain and other clinical symptoms. Thyevious unblinded, uncontrolled studies
showed pain relief following treatment with prisigeptation, an intervention that has been
used to counter lateralised attention bias in biesioned patients. To provide a robust test of
its effectiveness for CRPS, we conducted a doulnhetbandomized controlled trial of prism
adaptation for unilateral upper-limb CRPS-I. Fantge eligible adults with CRPS were
randomized to undergo two-weeks of twice-daily hdmsed prism adaptation treatment (n
= 23) or sham treatment (n = 26). Outcomes weresassl in person four weeks prior to and
immediately before treatment, and immediately adted four weeks post-treatment. Long-
term postal follow-ups were conducted three andvsixths after treatment. We examined
the effects of prism adaptation versus sham treatore current pain intensity and CRPS
symptom severity score (primary outcomes); as asebensory, motor, and autonomic
functions, self-reported psychological functioniagd experimentally tested
neuropsychological functions (secondary outcom&®) found no evidence that primary or
secondary outcomes differed between the prism atlaptand sham treatment groups when
tested at either time point following treatment.e@ll, CRPS severity significantly
decreased over time for both groups, but we foumtemefits of prism adaptation beyond
sham treatment. Our findings do not support thieasly of prism adaptation treatment for

relieving upper-limb CRPS-I. This trial was prosipesly registered (ISRCTN46828292).

Keywords: complex regional pain syndrome; Prisnmpéatgon; Randomized controlled trial;

attention; pain; CRPS symptom severity; body regmregtion; Neuropsychology; Neglect

1. Introduction

Complex Regional Pain Syndrome (CRPS) is assocwithdcontinuous pain in one or more

limbs accompanied by sensory, motor, and autondimstarbances that are disproportionate



to any inciting injury [35]. Individuals with CRP&n also show neuropsychological
symptoms reminiscent of hemispatial neglect aftaimbinjury [33]. These can present as
distorted cognitive representations of the CRP8e#dd limb(s) [45,50,72,85,94], reduced
attention to the affected limb(s) and corresponding of external space [11,21,25,27,76,84],
poorer mental representation of the affected sidgpace [99], and spatially-defined motor
deficits [84]. The extent of these neuropsycholabohanges has been associated with the
severity of clinical signs of CRPS [25,46,50,7582685,105] and could pertain to its central

mechanisms [86].

Prism adaptation (PA) is a sensorimotor trainirapteque used to reduce lateralised biases
in attention, spatial representations, and (ocoiatgr performance in hemispatial neglect
after brain injury [55,69,90]. Considering similaguropsychological deficits in CRPS, three
previous studies tested the efficacy of PA in altot 13 patients with this condition. They
reported significant relief of pain and other CRSyBptoms following eight to 20 PA
sessions performed with the affected arm whengpatnts adapted towards their affected
side [9,12,100]. The reduction in pain lasted upnmo weeks. Thus, PA has the potential to
durably relieve pain and other symptoms of CRP&aBse PA is quick (5-10 minutes a
day), inexpensive, and self-administered, it imppealing intervention compared to more
intensive neurocognitive treatments like gradedammhagery [73]. However, the strength of
available evidence for PA is limited, because iswaly tested in small samples, without any

control treatments or blinding.

The mechanisms through which PA could relieve pagunclear. One possibility is that it
increases attention to the CRPS-affected sidaveltai the unaffected side. Indeed, when
one patient underwent adaptation in the opposieztion such that the theoretical attention
bias away from the affected side would be exacethdheir pain increased [100]. More
severe self-reported “neglect-like” symptoms anakisp attention and motor biases have
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been related to greater pain intensity and wonsg-term pain outcomes [25,84,85,105]. A
potential second mechanism is that PA restores alaseansorimotor integration, the
disruption of which is thought to contribute to Ipalbgical pain, including CRPS
[8,38,63,100]. This is consistent with findingstthdividuals without spatial biases can also

benefit from PA [12].

We conducted a double-blind, randomized, sham-othett trial of PA for upper-limb

CRPS-I. We hypothesised that two weeks of twicéyd@A treatment would reduce the
primary outcomes of pain intensity and CRPS sympenerity more than sham treatment of
the same intensity. We also predicted greater texhsin the secondary outcomes of
neuropsychological symptoms (i.e. biases in spatighition, motor control, and body
representation), clinical signs of CRPS, and sgerted CRPS-related and psychological
disturbances following PA compared to sham treatnére outcomes were assessed at six
time points: to establish a one-month pre-treatrbastline, and to examine any immediate

effects of PA and their retention at one, threel, iR months post-treatment.

2. Methods
2.1, Study design and participants

The study was a two-arm parallel group RCT. It wasspectively registered
(ISRCTN46828292 [42]) and the full details of thedy are reported in the study protocol
and analysis plan [34]. Any protocol deviations gpecified in the relevant sections of the

article. Anonymised participant-level data genetatering the current trial

(https://osf.io/babfq/), digital study materialgafhing protocol and video, PsychoPy

experiment files and stimuli; https://osf.io/7ftkPvénd analysis scripts (https://osf.io/w67rx/)

are publicly available in an Open Science Frameweplsitory. The study was approved by



the UK National Health Service (NHS) OxfordshiresBarch Ethics Committee A and

Health Research Authority (reference 12/SC/0557).

We aimed to address the following research question

(2) Is two weeks of twice-daily PA treatment more efifeein reducing pain and CRPS
symptom severity than sham treatment?

(2) Are there any improvements in other clinical sigh€RPS, psychological functioning,
and neuropsychological symptoms following PA trezxi?

(3) How long are any benefits sustained for after #ssation of PA treatment?

(4) Are there factors that can predict the CRPS pregiaover time and/or the response to
PA treatment?

(5) Are the neuropsychological abnormalities in CRPSc@mpared to pain-free controls)

related to clinical signs of CRPS?

Participants with CRPS were primarily recruitedtfoe current RCT of PA treatment
(questions 1-4), but we also collected measuraspatial cognition, motor control, and body
representation at baseline (RS1) for comparisoh pain-free controls and correlational

analysis with clinical signs of CRPS (question &tadreported elsewhere [32]).

Recruitment was conducted via post through theddatiCRPS-UK Registry, internal
registries of the Royal United Hospitals and Wal@entre NHS Foundation Trusts, and
clinicians’ referrals through the Oxford Universipspitals NHS Foundation Trust and
other NHS pain clinics in the UK. Word of mouthirprand online advertisements, as well as
social media were further used to disseminate inébion about the study. Participants were
recruited between March 2017 and December 2018thenfihal long-term follow-up took

place in July 2019.



Following provisional assessment of eligibilitydkigh a phone interview, recruited
participants took part in four research sessior® @ the University of Bath (n = 33),
University of Liverpool (n = 9), or in the parti@pt's home (for participants who were
unable to travel; n = 7). Participants gave wriitdormed consent at the beginning of RS1,
prior to any study-related procedures. The resesgshions involved in-person assessment of
eligibility criteria and of the primary and secomnglautcomes, including self-report
guestionnaires, clinical assessments, and testsubpsychological functions. Each RS
lasted from two to four hours, including breaksiestn the assessments. The data collection
schedule is presented in Figure 1. The baselineweasured over two research sessions
(RS1 and RS2) separated by four weeks. Immediafedy RS2, participants commenced a
two-week home-based treatment period. Treatmecbmgs were measured over two
research sessions, one immediately (RS3) and amevieeks (RS4) after completing the
treatment. Two long-term follow-ups were conductedpost — one at 12 weeks (LTFU1)
and one at 24 weeks (LTFUZ2) after completing thattnent. The flow of participants

through each stage of the study is displayed i©QAISORT diagram (Figure 2).

[Figure 1]

[Figure 2]

Participant inclusion criteria were: being aged88years; having a diagnosis of CRPS-I
primarily affecting one upper limb based on the &uest research criteria [35]; having a
CRPS diagnosis far3 months at the time of RS1; and having a curramt ptensity>2 on a
0-10 Numeric Rating Scale. Exclusion criteria wéaeking sufficient English language
ability to provide informed consent; being classifias legally blind; reporting a history of
neurological disorder (e.g. stroke, neurodegenaralisease, or traumatic brain injury);

having CRPS in the opposite limb meeting the Budagical or research criteria;



reporting confirmed nerve damage (CRPS-II); repgror showing dystonia or other
physical impairment that would prevent satisfactexgcution of PA/sham treatment; or
reporting severe psychiatric comorbidity (e.g. sophrenia [102]) that could be associated

with perceptual changes. Inclusion and exclusiderta were assessed in RS1 and RS2.

2.2. Interventions

Both groups were instructed to continue any usealtents (including medications) but
were asked not to change their treatment regimfegnsighout the duration of the trial if
possible. Current treatments and any changes poeted in Supplemental Table S1

(available at http://links.lww.com/PAIN/B162).

2.2.1. Prism adaptation treatment

Participants randomised to the PA treatment usadingegoggles fitted with 35-diopter
Fresnel lenses that induced approximately 19°datstical deviation (visual shift) away
from the CRPS-affected side. In each treatmeni@ggsarticipants were seated
approximately 50 cm from a wall or other verticaiface (the actual distance was adjusted
individually to correspond to the participant’s ash fully extended arm, thus it differs from
the 60 cm distance anticipated in the trial prot§84]). An A4 sheet was positioned on the
wall in a landscape orientation at eye-level ankih@ with their body midline. There were
two targets (2 cm-diameter red circles) on the fpagnsheet, located 12.5 cm to the left and
12.5 c¢m to the right of participant’s body midlinghile wearing the prism goggles,
participants used their CRPS-affected arm to perfe®@ pointing movements, as fast as

possible, alternating between the left and rigigda

An example of prism adaptation is illustrated igufie 3. Prismatic shifts were directed away
from the CRPS-affected side, thus participants WethCRPS would use rightward-shifting

prism goggles as illustrated in the figure. Du¢gh®rightward visual shift, pointing would



initially err to the right. However, with repeatatbvement execution and motor learning, the
pointing would become increasingly accurate, astbeements would adjust in the opposite
direction (to the left). This adaptive realignmehsensorimotor reference frames [82,101]
would produce movement after-effects towards thgadéfected) side. That is, once the
goggles were removed, if participants were to ptarthe target again, their pointing would
temporarily err to the left. Conversely, particifawith right-CRPS would use leftward-
shifting prismatic goggles to induce adaptive igrainent (movement after-effects) towards
their affected side. Studies from neurologicallglt®y individuals and stroke patients show
that these short-term movement after-effects arerapanied by a longer-lasting realignment
of attention, spatial representations, and latszdli{ocular)motor performance in the same

direction as the after-effect [3,14,24,43,47,5365%6,69,89,90,95,96,98,104].

[Figure 3]

The chosen direction of PA, inducing a visual savftay from the affected side and thereby
an after-effect towards the affected side, Is @iasi with previous PA studies in CRPS
[9,12,100] and the technique’s application in relitation of hemispatial neglect after brain
injury [55,90]. To enhance the effects of PA, welffigoggles occluded the first half of the
arm movement and participants were encouragedit @® quickly as possible. Both of
these measures are thought to reduce any delibarsig@iming on behalf of the participants

and encourage greater adaptive realignment (rge™sensorimotor adaptation) [19,82,83].
Previous studies in hemispatial neglect and CRP®dstrated that the chosen number of
movements (50 per session) is sufficient to incagteptation measured as pointing after-

effects, and changes in spatial cognition [9,90,180te that the immediate movement after-

effects were not measured in this trial.



Immediately after RS2, participants were trainegenson in how to carry out the treatment
by a research psychologist JHB or ADV (neither bbw were involved in any data
collection) according to a standardised protoceailable in study materials). Once the
researcher was satisfied that the participant wtoed the treatment procedure, they
performed the first treatment during this traingegsion under the guidance of the researcher.
At the end of the training session participantenssd a pair of prism goggles in a sealed
opaque bag, a pointing sheet, written instructiansg, a link to a video tutorial to take home.
In addition to the treatment that they underwentrdyitraining, participants were instructed
to perform twice-daily self-guided treatment sessiat home for two weeks, resulting in 29
treatment sessions in total. The number of sesgienday and days of treatment were based
on regimens that have previously been shown toceetiemispatial neglect following stroke
[23,24,47,69,95,96]. This regimen was also morense than those used in previous studies
demonstrating CRPS reduction following PA treatnjérit2,100], however we also
considered that it would not be too much of a barde participants. They were instructed to
commence the home-based treatment on the day fojloRRS2, perform one session in the
morning and on.in the evening, and record the atadtend time of each session in a

provided logbook.

2.2.2. Sham treatment

Participants randomized to the sham treatmentezhaut exactly the same procedure as
described above, except they used welding gogited fvith neutral lenses that did not
induce any lateral visual shift [10,69]. The neuleases distorted the acuity and clarity of
vision to a similar extent as prism lenses (onlthauit any lateral shift), therefore the two

treatment arms were similar aside from the sensddnadaptation.
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2.3. Randomisation and blinding

Participant randomization was performed 1-5 daysrbeRS2 by JHB, who was not involved
in any data collection. Participants were randoasyigned to either PA or sham treatment
group with equal allocation ratio, using MINIM [68bftware to minimize baseline (RS1)
group differences in current pain intensity, CRB%esity score, primarily affected arm, pre-
CRPS dominant hand, sex, age, presence of CRRBenlmdy parts, presence of other non-
CRPS pain, and CRPS duration. The primary outcoeesares (current pain intensity and
CRPS severity score) were given double weightingmared to the other minimisation
characteristics as we considered matching the teops for these factors to be a higher
priority. Note that this allocation procedure wagslated in the trial registration [42] after the
first two participants were enrolled and providesllRdata, but before they were allocated to
treatment. The update reflects the use of MINIMwafe instead of blocked minimization to
automate the allocation procedure. As per the priadocol [34], participants excluded
between treatment allocation and RS3 (Figure 2gwemoved from the minimization
procedure so that subsequently recruited partitspewuld be allocated independent of these

exclusions and according to the current pool ofippants remaining in each arm.

The only researchers who were aware of individiegttment allocations were those who
randomised the participants and/or trained theoamying out PA or sham treatments and
provided them with prism or neutral goggles (JHB/anADV). These researchers were not
involved in the assessments of any outcomes apaimy in the trial. In RS3, the participants
returned the goggles in a sealed opaque bag towiith she handed unopened to JHB. The
researcher responsible for enrolment and all dataation (MH) remained blinded to
participants’ treatment allocation until the laattipant completed their RS4. Following
RS4, there were no further in-person assessmeitite &ng-term follow-up was conducted

via postal questionnaires and scored by blindeglares assistants. The participants were
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blinded to their treatment allocations throughdngt €ntire duration of the trial. They were
informed that they might receive real or sham trestt, and that both involved reaching out
to touch visual targets with their affected arm lehwvearing goggles that distort vision.
However, participants were not made aware of tleeip nature of the intervention nor the
differences between the types of goggles usedeitvib treatment arms. All documentation

and instructions referred to the treatment armsassorimotor training”.

2.4. Measures

2.4.1. Demographics

In RS1, participants reported on demographic charatcs, including age, sex, and
handedness prior to CRPS onset. They completeddveions of Edinburgh Handedness
Inventory [78]: rating their recalled (prior to CR®nset) and current hand preference. Total
scores can range from -100 (extreme left-handedlb@490 (extreme right-handedness). To
approximate the functional impact of CRPS, we daled an absolute difference between
current and recalled handedness scores, thatasgehin handedness. We also interviewed
the participants regarding their clinical histangluding the date and type of any inciting
injury, CRPS duration (time since diagnosis), asynwrbidities, and any ongoing treatments

for CRPS.

2.4.2. Primary outcomes

The primary research question was (1) whether teeks of twice-daily PA treatment is
more effective in reducing pain and CRPS symptoversty than sham treatment. Change
between RS2 and RS3 in current pain intensity daRBE&symptom severity score were the
primary outcomes. In RS1-RS4 and LTFU1-LTFUZ2, pgvants rated their current pain
intensity in the CRPS-affected limb on a NumerRating Scale from 0 (no pain) to 10 (pain
as bad as you can imagine). This measure was takarthe Brief Pain Inventory (item 6)
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[13], and has been recommended as a core outcambrfmic pain trials [17,31]. CRPS
severity was assessed in RS1-RS4 according todastiised protocol [34,37]. Eight self-
reported symptoms and eight signs evaluated upoical examination were scored as 0
(absent) or 1 (present) based on sensory testagyiaual and manual examination. The
summed CRPS severity score can range from 0 (nd&SGRtPptoms) to 16 (most severe
CRPS symptoms). The CRPS severity score has gsodrdination abilities, concurrent
validity, and adequate sensitivity to change [3B,8id was recommended as the core

outcome measure for CRPS clinical studies [31].

2.4.3. Secondary outcomes

Our secondary research question was (2) whethex #re any improvements in other
clinical signs of CRPS, psychological functioniagd neuropsychological symptoms
following PA treatment. Detailed description of aiationale for the secondary outcome
measures is available in a published study prot@zl Below we provide the basic details

of how these outcomes were quantified.

2.4.3.1. Self-report measures

Self-reported secondary outcomes measured in R31aR&GLTFU1-LTFU2 included
guestionnaires about pain, body representationearational functioning. These were
chosen based on recommendations for core outcorasumes for chronic pain trials [17] and
the existing literature on CRPS implicating otheevant measures (e.g. [30]). For pain-
related outcomes, we used the Brief Pain Inveni@®0 scale for each subscale; higher
scores indicate greater pain intensity/interferda&¢) and Pain Detect Questionnaire (-1-38
scale; higher scores indicate greater neuropatmgponent of experienced pain [26]). Body
representation was measured using the Bath CRP$ Bardeption Disturbance Scale (0-57

scale; higher scores indicate greater distortid@})[ For emotional functioning, we used
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Tampa Scale for Kinesiophobia (17-68 scale; higleeres indicate more severe pain-related
fear of movement and re-injury [67]) and ProfileMdod States (17-229 scale; higher scores
indicate greater mood disturbance [64]). In RSttigpants also completed Revised Life
Orientation Test (0-24 scale; higher scores inditegher optimism level [93]), and Patient
Centred Outcomes Questionnaire (each item ratéd dhscale; higher scores indicate
higher usual, desired, expected, and consideraxgssitl in terms of the treatment outcome
levels of pain, fatigue, emotional distress, artdrierence, and higher importance of
improvement in each of these areas [87]). Theseneasures were included to assess
whether two treatment groups were matched on #veirage optimism and expectations of
outcomes, because these factors can affect thessio€novel treatments [4,51,103]. In
post-treatment RS3-4 and LTFU1-LTFUZ2, participaated their impression of how much
their activity limitations, symptoms, emotions, ancerall quality of life related to CRPS
changed due to treatment, using the Patient Glofgalession of Change questionnaire (1-7
scale; 1 indicates no change or worsening of symgtdigher scores indicate greater

improvement [40]).

Throughout the first 10 weeks of the trial (RS1-RParticipants rated their average level
(over the past 24 hours) of pain intensity, therdego which their symptoms interfered with
their daily life, and range of movement in the aféal limb, using daily logbooks (0-10
Numerical Rating Scales; higher scores indicatatgrepain intensity, symptoms
interference, and better range of movement), tkttilae precise time course of any changes

on these outcomes.

2.4.3.2. Clinical assessments

In RS1-RS4 we assessed participants’ CRPS signsyemptoms to determine whether the

Budapest research criteria were met and to catctii@t CRPS severity score. In addition to
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in-person assessments, photographs and videoglohimbs were double-scored for the
presence of colour asymmetry, dystrophic changesneotor abnormalities by a trained
research assistant who was blind to treatmentatitot, affected limb, and time point of
assessment. Cohen’s kappa statistics for inter-agr@ement were significantly different
from zero, indicating fair agreement for colour @msyetry ¢ = .21,p = .004) and dystrophic
changesk = .23,p < .001), and borderline slight/fair agreementrfator impairment« =
.20,p < .001). We also objectively quantified sensoutpaomic, and motor functions.
Sensory tests were performed on the most pairtkibsi the CRPS-affected limb and the

corresponding site on the unaffected limb (assefst)] unless specified otherwise.

Secondary outcomes of sensory function of the tdterelative to unaffected limb included
elements of quantitative sensory testing admiregt@ccording to the standardised protocol
[34,88]. Specifically, we measured Mechanical DetecThresholds using von Frey
filaments. A positive threshold ratio [(affectedaliiected)/affected] indicates increased
tactile detection threshold (hypoesthesia) on tfected side. We measured Mechanical Pain
Thresholds using pinprick stimulators. A posititaeeishold ratio [(unaffected-
affected)/unaffected] indicates decreased pairstiwie (hyperalgesia) on the affected side.
Allodynia was assessed using a cotton ball, a Qatid a brush. An arithmetic mean of 15
ratings for these sensations from 0 (no sharpkimgg stinging, or burning sensation) to 100
(most intense pain sensation imaginable) quantifieseverity of allodynia on the affected
limb. We also measured Two-Point Discriminatioretiirolds on participants’ index
fingertips according to a staircase procedure uaidgk with one and two plastic tips
separated by 2-15mm distance. A positive threstaild [(affected-unaffected)/affected]
indicates higher tactile discrimination threshdés$§ precise discrimination ability) on the

affected hand.
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In addition to contributing to the CRPS severitgreg; the following measures were used as
secondary outcomes of autonomic and motor funaifdhe affected relative to unaffected
limb: temperature difference (affected—unaffectedggative score indicates that the affected
limb was colder; absolute values were also ana)ysstdlema (affected—unaffected; higher
scores indicate greater swelling of the affectet); grip strength (affected/unaffected;
scores <1 indicate weaker strength of the affelstettl); and delta finger-to-palm distance

(affected/unaffected; scores <1 indicate lower eamigmovement of the affected hand).

2.4.3.3. Tests of neuropsychological functions

In RS1-RS4, the participants completed six experialgests of the following
neuropsychological functions: visuospatial attamtionear space (Temporal Order
Judgement, Landmark, and Greyscales tasks); memedsentation of space (Mental
Number Line Bisection task); spatially-defined nrdianction; and body representation
(Hand Laterality Recognition task). A comprehendeattery of sensitive tests of distinct
aspects of spatial cognition, motor control, andybepresentation deemed appropriate to
fully capture any neuropsychological biases, hogytivould be affected by PA, and how
they would relate to any changes in pain and alif#?S symptoms. Below we summarise
how the neuropsychological functions were measaretiquantified, whereas detailed
descriptions of the experimental materials and gulaces can be found in the trial protocol

[34].

All experimental tasks were programmed and adnarest using PsychoPy software [79].
Those involving presentation of visual stimuli onamputer screen used a 34.5cm x 19.4cm
touchscreen positioned at 50cm viewing distancallltasks (except the Mental Number
Line Bisection), participants used a chinrest aratéd on a cross aligned with their body

midline. When a manual response was required,gyaatits used their unaffected hand to
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press the buttons, which were aligned orthogortalthe required response format (i.e. for
left/right responses, participants pressed cologled bottom/top buttons). A short practice
session was completed before each task. Dataifiaulgtesponses in the left and right sides
of space for all tasks were recoded after colledioterms of affected and unaffected space

relative to each participant’s CRPS-affected side.

The Temporal Order Judgement task measures c@agralsattention. Participants saw pairs
of brief, identical light flashes, presented wiiffetent temporal offsetst(0-240ms range)
onto a white table surface, one on each side afespa one block participants reported
which of the two lights they perceived first by say“left” or “right”. In another block they
reported which light they perceived second. Theoad response type (first or second) was
counterbalanced and results were averaged acress titn account for any response bias [22].
We calculated the Point of Subjective Simultaneitllich expresses by how many
milliseconds the light in the affected side of sphad to precede (negative score) or follow
(positive score) the light in the unaffected siflspace for both lights to be perceived as
simultaneous. Information that receives greatendtin is perceived earlier than information
that receives lesser attention [97]. Thus, a neg&bint of Subjective Simultaneity indicates

lower attention to the affected side of near spataive to the unaffected side.

The Landmark task [57] measures the visual reptaBen of relative horizontal distance in
near space. Participants saw pairs of landmarkgdgwlicles) presented simultaneously, one
on each side of space. While the distance betweetandmarks was constant across all
trials, their relative distance from the centrahtion cross varied by 0.1° increments from
+8.1° t0£6.9° to the left and to the right. Participantsizadied via a button press whether the
left or the right landmark appeared closer to othier from the fixation cross. Results were
averaged across two separate response blocksdorddor any response bias. We calculated

the Point of Subjective Equality, which expressesrelative distance (°) at which the
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landmark on the affected side of space had to tledufrom (negative score) or closer to
(positive score) the fixation cross in order togegre the two landmarks to be equidistant. A
negative Point of Subjective Equality value indesatinderestimation of the distance on the
affected relative to the unaffected side, and tmaerrepresentation of the affected side of

near space.

The Greyscales task [77] measures overt spataitadn. Participants saw pairs of horizontal
bars filled with greyscales presented one abovetier. The two bars were mirror images of
each other so that one bar was darker on theidieftasd the other bar was darker on the right
side. Participants pressed a button to indicatehlvbar appeared to be darker overall. A
negative value of the calculated index of spatia@s$ Indicates that a higher proportion of
overall darkness judgements was made based omé#fiected sides of the stimuli,

consistent with lower attention to the affectechtigk to unaffected side.

The Mental Number Line Bisection task [99] measunesital representation of space, based
on an implicit representation of numbers in a teftright linear arrangement [15]. The
experimenter read aloud pairs of numbers that weparated by an interval of 9-64 digits.
They were presented in ascending and descendieg @d. 54 and 70, or 70 and 54) to
account for any response bias. Participants weteuicted to verbally report the subjective
midpoint between the given pair of numbers, withmaking any calculations. A negative
value of the calculated index of spatial bias issistent with overestimating the subjective
midpoint towards larger numbers (i.e. a rightwaakp Expressed relative to each
participant’'s CRPS-affected side, a negative inddicates a bias away from the affected
side of the mental representation of space, ormeplesentation of the affected side of

mental space.
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The spatially-defined motor function task [59] m&&s directional hypokinesia and
directional bradykinesia, that is slowing of initem and execution of movements directed
towards the affected relative to unaffected sidee@ch trial, participants held down a button
with their finger until the target appeared eitberthe left or on the right side of a computer
screen. Then participants were required to relgsbutton, touch the target on the screen,
and return their finger to the button as quicklypassible. Participants completed the task
from three starting positions (button positionedh® left, right, or aligned with their body
midline; order counterbalanced), alternating betwtbeir unaffected and affected hand,
across six blocks in total. We used average movemgiation times (from the target onset
to button release) and movement execution timesn(the button release to touch on the
computer screen) for each combination of handistaposition and target location to
calculate indices of directional hypokinesia anadykinesia towards the affected side [92],
separately for each hand used to complete the ltaddx A quantifies the speed of
initiating/executing movements towards the affediele relative to the unaffected side. This
index was calculated as: [central starting posifeffected — unaffected target location) —
affected starting position (affected — unaffectedet location)]. Index A allows to dissociate
motor and perceptual neglect (i.e. effect of tafgeation), however, it involves movement
trajectories of different length. Thus, we alsoided Index B that directly quantifies the
speed of initiating/executing movements of the spmgsical length towards the affected
side relative to the unaffected side. Index B walsiudated as: [central starting position
(affected target location) — affected starting posi(affected target location)]. Positive
values of indices A and B indicate slowing of iaitbn/execution of movements directed
towards the affected relative to unaffected sidggsstive of directional

hypokinesia/bradykinesia towards the affected side.
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The Hand Laterality Recognition task [94] measinedy representation. Participants saw
images of hands appearing either to the left dheéaight of central fixation. The images
depicted left or right hands in different postuaesl rotations from upright (0°, 90°, 180°, or
270°). Participants were required to indicate asdad as accurately as possible (via a button
press) whether each image depicted a left or & highd. Accuracy rates and average
reaction times to correctly responded-to trialsdach depicted hand were averaged across
two image locations, because the side of spacetefieere not the primary interest of this
trial and will be reported elsewhere. We calculdted indices of hand laterality recognition
as the differences between the depicted handsramcindex (unaffected hand — affected
hand) and reaction time index (affected hand —fantdd hand). Positive scores indicate less
accurate and slower recognition of depicted hangesponding to participant’s affected
hand, relative to depicted hands correspondinbdwo tinaffected hand. Thus, positive
accuracy and reaction time indices suggest distogpresentation of the CRPS-affected

limb.

2.5. Statistical analyses

2.5.1. Sample size calculation

The study was powered to evaluate the effects ofr@#tment on a change in the primary
outcome of pain intensity between RS2 and RS3. $timated [18] that a sample of 21
participants with CRPS per treatment group woutt/jgle 90% power to detect a minimal
clinically significant reduction of 2 on the prinyaoutcome of pain intensity (0-10 NRS;
[20]), with aSD of 1.98 (based on our previous research [11]),aaBdailed alpha of 0.05.
Although we aimed to obtain 42 complete data st®RE1-RS4, one participant in the sham
treatment group withdrew after we terminated rearant, thus the total number of

participants who completed these sessions equals 41
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2.5.2. Analyses

The analysis plan can be found in the trial prok¢84], thus below we only describe the
main steps, any details not previously specified, any deviations from the protocol. We
usediIBM SPSS Statistics 25 [41], R 3.5.3 [81], and MAAR.2018b [58] software to
process and analyse the data. Data preparatioequoEs are reported in Supplemental Text
S1 (available at http://links.lww.com/PAIN/B162)hibughout, we reported bootstrapped
bias-corrected and accelerated 95% confidencevadge(BCa 95% CIs) around all mean and
median values. We used bootstrapp2tests, bootstrappeetests (or their non-parametric
alternatives in case of violation of parametricuasgtions), and ANOVAS to compare mean
values between treatment groups and between diégatmm time points. ANOVA is robust
to moderate violations of normality and homogeneftyariance [6,7], and we used
Greenhouse-Geisser corrections if the sphericgyraption was violated. However, where
severe (i.e. more than borderline significant andhultiple conditions) violations of the
assumptions of normality, homogeneity of variarase] sphericity were found, we used
linear mixed models analyses with non-parametratsioapping procedures (n = 1000). For
linear mixed models analyses, a model term madgn#isant contribution to predicting an
outcome when the 95% CI around the coefficientestie B) did not include zero. For the
remaining analyses, statistical significance wdsdd asp < .05. We used one-tailed tests
for comparisons for which we had directional hy@sis (i.e. RS2 vs. RS3 comparisons, as
we predicted greater reductions on the outcome uneasn PA than sham treatment group),
and two-tailed tests for the remaining comparis¥vie.controlled for type | errors in the
primary (but not exploratory) analyses by usingritdonferroni correction for multiple

comparisons within analysis of each outcome andrteg adjusteg values agj).

Our primary analysis involved the intention-to-trpapulation, that is, participants who
received their allocated intervention (i.e. recdiueperson training immediately after RS2),
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regardless of their treatment adherence or conopleti the outcome assessments (PA
treatment = 23, sham treatment = 26). Note thatrthleprotocol defined this population as
all participants allocated to treatment, which wiad account for the possibility that they
could withdraw before being trained in how to caoty their allocated intervention. This was
the case for three participants (Figure 2) who wertencluded in the intention-to-treat
sample as per an updated definition. In Supplerh@eta S2 (available at

http://links.lww.com/PAIN/B162) we report a suppweet per-protocol analysis of those

participants who provided complete outcome datacamdpleted their allocated treatment
(missed no more than six treatment sessions). dhdts of the per-protocol analysis are

broadly consistent with the intention-to-treat gsé.

2.5.2.1. Effects of PA treatment on the primarycouates

To evaluate the effects of PA treatment on the firsnary outcome of pain intensity
(research question 1) and the time course of aaggds (research question 3), we conducted
a 2 (Group: PA treatment, sham treatment) x 6 (TR&1, RS2, RS3, RS4, LTFU1, LTFU2)
ANOVA. We planned sixteen a-priori contrasts to pame RS1 vs RS2, RS2 vs RS3, RS3 vs
RS4, RS2 vs RS4, RS2 vs LTFUL, RS4 vs LTFUL, LTWELTFU2, and RS2 vs LTFU2

within each treatment group.

To evaluate the effects of PA treatment on thersgg@oimary outcome of the CRPS severity
score (research question 1) and the time couraay€hanges (research question 3), we
conducted a 2 (Group: PA treatment, sham treatmxeh{)Time: RS1, RS2, RS3, RS4)
ANOVA. We planned eight a-priori contrasts to comgpBRS1 vs RS2, RS2 vs RS3, RS3 vs

RS4, and RS2 vs RS4 within each treatment group.
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2.5.2.2. Effects of PA treatment on the secondatgames

To evaluate the effects of PA treatment on selbrigal pain and psychological functioning,
sensory, motor, and autonomic function, and neyapsogical functions (research question
2), and the time course of any changes (researestign 3), we conducted 2x6 and 2x4
ANOVAs and planned the same contrasts as descitlbekde analyses of the primary

outcomes.

2.5.2.3. Predictors of the CRPS progression owee ti

To investigate whether any baseline factors cowtdipt CRPS progression over time
(research question 4), independent of the treatmaenused the data from the total sample (N
= 49) to perform exploratory best subsets regressnmalyses on the overall change in pain
intensity and CRPS severity score throughout thiessoof the study. This analysis differed
from that proposed in the trial protocol in ternfiga) operationalisation of the pain outcome,
(b) selection of potential predictors, and (c) esgion model used. (a) Change on the primary
outcomes was quantified as individual regressiopes fitted to each participant’s ratings of
current pain intensity across RS1-LTFU2 (insteaglahned RS1-RS4 comparisons, to
capture change over a longer period) and to eatitipant's CRPS severity scores across
RS1-RS4. More negative slopes indicate greateraagment over time (i.e. reduction in

pain and CRPS severity). (b) In the protocol, whpeacifying selection of potential

predictors we planned to prioritize those factarsuich participants with CRPS

significantly differed from pain-free participardsbaseline (research question 5; [34]).
However, they showed no differences on the testeofopsychological functions (results
reported elsewhere [32]). Thus, we instead inclualkprimary and secondary outcomes as
potential explanatory variables. That is, we ineldigharticipants’ demographic
characteristics, self-reported pain and psycholidimctioning, sensory, motor, and

autonomic function, and neuropsychological funcicas measured in RS1. We restricted the
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pool of potential predictors by excluding factdnattlacked linear relationships with each
outcome or were collinear with other predictore(Seipplemental Text S1, available at
http://links.lww.com/PAIN/B162). (c) Instead of tipdanned linear mixed model regression,
best subsets regression was deemed more apprdpredtew unbiased selection of the best
combination of explanatory variables. Best subssgsession is an automated approach that
performs an exhaustive search for the best sub$attors for predicting the outcome and
returns the best model of each size (up to a spdaiumber of predictors) [56]. Considering
our sample size (N = 49), we compared best subsedels that included one up to five
predictors of each outcome. From the five modéiks,ane with the lowest Akaike
Information Criterion was preferred as best fit. atlress a potential issue of overfitting, we
also performed a five-fold cross-validation [48]eaich of the five models suggested by best
subsets regression analyses. This approach randpfittythe data set into five folds (subsets
of observations). Each model is trained using 08 8&f the data (four folds) and then tested
on the remaining 20% of the data (one fold). Thcpss is repeated until each fold has
served as a test subset. The average of errorsleztm each repetition is a cross-validation

error. The lowest cross-validation error indicaiest model performance.

3. Results
3.1. Participant characteristics

Table 1 presents baseline characteristics and atsopa between PA and sham treatment
groups. On average, participants reported modpgateintensity (6/10), comparable with
previous studies on prism adaptation (5.8-6/10;1/0@]) and other neurocognitive treatments
(5.3-7/10; [45,61,73]) for CRPS. Median CRPS sayetore in our sample was higher than

the average severity reported for individuals wstidble CRPS in the validation study of this
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tool (13 vs. 11.2/16; [37]), possibly because wedustricter inclusion criteria (Budapest
research diagnostic criteria; [35]). Our particifzaon average had longer CRPS duration
compared to other studies of neurocognitive treate®r CRPS (58 vs. 5-24 months;
[9,12,45,61,73,100]). The proportion of participanith CRPS affecting their right side of
the body was consistent with a large populatiodys{i0], although it was lower than in
small-sample studies on prism adaptation (41% 1s80R%; [12,100]). Both the mean age
and proportion of females were consistent with ¢hm®viously reported in CRPS
[12,37,70,91,100]. The most common comorbiditiesun participants were depression
(37%), anxiety (22%), migraines (16%), fiboromyal{49%), and asthma (14%). These
conditions were found to be prevalent in CRPS @vjmus population studies [52,71]. The
most common treatments in the current sample ieclwdeak or strong opioids (57%),
anticonvulsants (47%), paracetamol (45%), anticksanets (45%), physio-, hydro-, or
occupational therapy (39%), and nonsteroidal arilzmmatory drugs (35%; see
Supplemental Table S1, available at http:/linka/leom/PAIN/B162). Overall, demographic
and clinical characteristics of our sample appednet representative of general population of
people with CRPS [2,37,70,91] and comparable tedheported in previous research
investigating neurocognitive treatments for CRP32315,61,73,100], except for the longer

average disease duration in our study.

The randomization procedure successfully equatedab treatment groups on the
minimization factors (Table 1). The two groups wale matched on baseline mean levels of
optimism, mood disturbance, fear of movement, aqubetations and criteria for success of
the treatment (there were no significant differenocetween PA and sham treatment groups
on any of the Patient Centred Outcomes Questioaitaims Us> 212.00,pSqj> .27,ds<

0.51).

[Table 1]
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Eight participants (16%) withdrew from the studjiJdwing treatment allocation. They were
excluded from per-protocol analysis (Supplemen&dt’52, available at
http://links.lww.com/PAIN/B162), but their RS2 dateas carried forward for the purpose of
the primary intention-to-treat analysis. We compateeir baseline (RS1) pain intensity and
CRPS severity against confidence intervals arobadrtean pain intensity and CRPS
severity score of participants who remained intttz. Out of those who dropped out, five
participants had greater pain intensity and foutigpants had greater CRPS severity
compared to those who remained. However, the satosver pain intensity and CRPS
severity scores were found in another three anddatticipants who dropped out,

respectively.

3.2. Treatment adherence and participant blinding

Twenty-one out of 23 participants (91%) in the Péatment group and 20 out of 26
participants (77%) in the sham treatment group eéis® more than six treatment sessions
according to their logbooks (see Supplemental Talleavailable at
http://links.lww.com/PAIN/B162). Two participants the PA and six participants in the
sham treatment group missed more than six treategssions and/or did not provide post-
treatment outcome data. No other deviations frognrisatment protocol were identified
among the remaining participants. The extent obexpe to treatment (i.e. average number
of logged treatment sessions) was not significafferent between the two treatment
groups (Table 1). The median recorded duratiortkefreatment sessions according to the

participants’ logbook entries were 2min 25s inB#egroup and 2min in the sham treatment

group.

At the end of RS4, we asked each participant (NL=which treatment they thought they

received. They could respond “real [PA]", “sham¥,“no idea”. Similar proportions of
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participants in each group made correct (real:%2 sham: 12.2%) or wrong (real: 12.2%;
sham: 7.3%) guesses as to their actual treatmect#bn, or responded that they had no
idea (real: 26.8%; sham: 29.3%J(2) = .52,p = .771,Cramer’s V= 0.11. Only 12% of
participants in each group correctly guessed theatment allocation, therefore participant

blinding was successful.

3.3. Effects of PA treatment on the primary outcomes

Figure 4 illustrates any changes on the primargaues and their time course in each
treatment group (research questions 1 and 3). et PA group showing some reduction
in the current pain intensity scores immediatetgrafreatment (RS3; Figure 4a), the
ANOVA did not reveal any significant main effectsTome, F(4.04, 189.81) = 1.8 =
0.126,7% = 0.04, or Groupk(1, 47) = 0.26p = 0.615,°, = 0.01, nor did it show any
significant interaction between these factef4.04, 189.81) = 0.6 = 0.624,;72p =0.01.

This indicates that there were no significant clesng pain intensity over time in either
treatment group. Thus, contrary to our hypothé¥streatment did not reduce pain intensity

more than sham treatment.

Analysis of the CRPS severity scores (Figure 4bya&d a large significant main effect of
Time,F(2.28, 107.08) = 17.5, < .001,;72p = 0.27, indicating that regardless of treatment,
CRPS severity decreased over time (Figure 4b).r@ststrevealed a significant reduction in
CRPS severity immediately after treatment (R88n = 11.00, BCa 95% CI [11.00, 11.00])
compared to immediately before treatment (R8&n = 12.00, BCa 95% CI [12.00, 12.00]),
Z =-3.91,paq; = .002,d = 0.86. This reduction relative to RS2 was mamngdifour weeks
after completing the treatment (R34¢in= 11.00, BCa 95% CI [11.00, 11.009)= -3.70,

Pagj = .002,d = 0.81, but without further significant changenfré&S3,Z = -0.81,p,q; = .433,

d = 0.16. CRPS severity did not change significabh#diween the first (RSMdn = 13.00,
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BCa 95% CI [13.00, 13.00]) and the second basskssionZ = -1.71,paq; = .170,d = 0.35.
There was no significant effect of Grolg{l, 47) = 0.17p = .685,;72p < 0.01, nor was there
any significant interaction effedg(2.28, 107.08) = 0.1 = .886,;72IO <0.01, on the CRPS
severity scores. Thus, contrary to our hypoth&€3/>S severity did not decrease more
following PA compared to sham treatment, but bathugs improved over the treatment

period.
[Figure 4]

We compared mean changes in pain intensity and GRSty over the treatment period
(RS3 — RS2) between PA and sham treatment grotijest Bizes of these differences might
be important for planning future studies. For cotgain intensity, the effect size was small,
d =0.37, 95% CI [-0.20, 0.94]. Mean pain reductfilothe PA treatment group was -0.78
points on 0-10 NRS scale, BCa 95% CI [-1.55, -Q.Irfbjhe sham treatment group, mean
pain reduction was -0.19 points, BCa 95% ClI [-0®&8]. For CRPS severity score, the
effect size was negligiblel, = -0.13, 95% CI [-0.69, 0.43]. Mean CRPS sevarguction in
the PA treatment group was -0.78 points on 0-1&s&Ca 95% CI [-1.19, -0.38]. In the
sham treatment group, the mean CRPS severity fiedugas -0.96 points, BCa 95% ClI [-
1.54, -0.38]. On an individual level (Supplemeri@ure S1, available at
http://links.lww.com/PAIN/B162), five participants the PA group and four in the sham
group achieved clinically significant reductionspain (i.e. at least two-point decrease on 0-
10 NRS scale [20]) over the treatment period. Nafrthe participants achieved clinically
significant reduction in CRPS severity (i.e. atsle& 9 points decrease on 0-16 scale,

although this threshold is quite conservative [37])
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3.4. Effects of PA treatment on the secondary outcomes

Group average scores on the self-report questiosjailinical assessments, and
neuropsychological tasks in each time point arented in Table 2. Note that the confidence
intervals around average baseline indices of theapsychological functions include zero,
indicating that participants did not show signifitdiases in visuospatial attention or the
mental representation of space, nor any differeircédse recognition of the affected relative
to unaffected hands. Furthermore, average inditdsextional hypokinesia and
bradykinesia vary between positive and negativaeslsuggesting that there were no
systematic spatially-defined motor deficits at iage Complete results of a series of
ANOVAs conducted to test the effects of PA on teeomdary outcomes and their time
course (research questions 2 and 3) are reportié itables, and below we only refer to the

effects directly relevant for our hypothesis, tisaiGroup x Time interactions.

[Table 2]

Results of 2x6 ANOVASs on the self-reported pairatet, body representation, and
emotional functioning outcomes, and 2x4 ANOVAs bea sensory, motor, autonomic, and
neuropsychological functions, are reported in T&lAmong these outcomes, the
Mechanical Detection Threshold, Mechanical Paineshold, Two-Point Discrimination
threshold, grip strength, and delta finger-to-pdistance ratios data, the Landmark task, and
spatially-defined motor function data were analyssithg linear mixed models regression
due to severe violations of normality, homogeneityariance, and/or sphericity

assumptions. The results are reported in Table 4.

[Table 3]

[Table 4]

29



Contrary to our hypothesis, we found no evidencsggrificantly greater reductions in self-
reported CRPS-related and psychological disturtsraresensory, autonomic, and motor
impairments following PA compared to sham treatmé/ also did not find any
significantly greater reductions in biases in sgatognition, motor control, and body
representation following PA compared to sham treatmThat is, most interactions between
treatment group and time on these outcomes wersignaficant, and any effects revealed by
the planned contrasts following the few significameéractions did not withstand correction
for multiple comparisons. These effects are furtaborated below. A significant
interaction on the Bath CRPS Body Perception Diistnce scores appeared to be due to
reductions in body perception disturbance followting PA treatments < 2.86,ps.qj> .336,
ds< 0.54. A significant interaction on the Tampa SdafeKinesiophobia sores appeared to
be driven by reductions in fear of movement follogvthe sham treatmens$,< 2.63,pSugj >
.312,ds< 0.26. A significant interaction on the MechaniPaln Threshold ratios seemed to
be due to a reduction in hyperalgesia over thertreat period in the PA grougs< 1.68,

PSdj > -440,ds< 0.51. All these effects were no longer significafter Holm-Bonferroni
correction and there were no other significantredBons. On average, participants in both
treatment groups perceived their symptoms to leefalmost the same”, or “a little better”
(2-3 out of 7 on the Patients’ Global ImpressiorCbfinge) at each post-treatment time-

point.

The PA and sham treatment groups also did notrdfieheir average daily logbook ratings
of pain intensity, symptoms interference, and rasiggovement at any time point [pain
intensity:ts(45)< 1.75,ps> .093,ds< 0.51; symptom interferenct(45) < 1.24,ps> .240,
ds< 0.36; range of movemeng(45)< 1.81,ps> .062,ds< 0.53]. The planned analyses of
the number of days to reach peak improvement amd freak improvement to return to

baseline on each of these measures [34] are natteelpas they would not be informative in
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the absence of treatment effects, but logbookgatiar each group are illustrated in

Supplemental Figure S2 (available at http://linka/lcom/PAIN/B162).

Overall, our analyses did not reveal any signifietfects of PA compared to sham treatment

on any of the secondary outcome measures.

3.5. Predictors of CRPS progression over time

Since there was no effect of treatment on the pgroatcomes, we did not explore potential
predictors of the response to PA treatment as gexgpm the trial protocol [34]. However, to
explore whether the absence of the PA effect cbaldxplained by the lack of group-level
neuropsychological deficits in our sample, we Viisea individual relationships between the
changes on the primary outcomes over the treatperiad and baseline spatial bias and
body representation distortion in Supplemental feguis4 and S5, respectively (available at
http://links.lww.com/PAIN/B162). Overall, there veeno apparent clusters of participants or
relationships between these factors. Subgroup seslgf whether response to treatment
depended on clinical phenotypes of CRPS [16] oelbas neuropsychological differences
are also reported in Supplemental Text 3 (availabltp://links.lww.com/PAIN/B162),

showing results consistent with the primary anayse

To address research gquestion 4 about the predmt@BRPS progression over time, we
explored which baseline factors (RS1) could preoverall change in pain intensity (across
RS1-RS4 and LTFU1-LTFU2) and CRPS severity (acR8%-RS4). Table 5 summarises
the models identified via best subsets regressiatyses, and their respective values of our
model selection criteria (the lowest Akaike Infotroa Criteria and cross-validation errors
indicating the best models). Greater reductionaim [intensity was best predicted by smaller
change in hand preference since CRPS onset (absblahge on the Edinburgh Handedness

Inventory;t = 2.34,p =.024,3 = 0.33) in a one-factor modé#l(1, 46) = 5.46p = .024.
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Greater reduction in CRPS severity was best predlioy lower pain intensity € 3.69,p <
.001,3=0.52), less swelling of the affected lintb=(2.52,p = .015,3 = 0.37), and more
accurate recognition of images of the affected Hardsmaller Hand laterality recognition
accuracy indext = 2.43,p = .019,3 = 0.32), as measured at baseline (RS1), in a-facter

model,F(3, 45) = 6.23p = .001.

[Table 5]

4. Discussion

The results from this double-blind, randomized mst@ntrolled trial do not support the
effectiveness of PA treatment for upper-limb CRPBHist, we found no evidence that two
weeks of twice-daily PA treatment performed witk #ffected arm reduced the primary
outcomes of current pain intensity or symptom sigyemore than sham treatment in long-
standing CRPS. Second, we found no evidence thatffeated the secondary outcomes of
self-reported CRPS-related and psychological fenatig; sensory, motor, and autonomic

signs; or spatial cognition, motor function, andjpoepresentation.

Our findings contradict the conclusions of previgtigies that PA could relieve pain and
other CRPS symptoms. In the first of these, twoksed once-daily PA trainingesulted in
50% pain relief, and reduced oedema and skin aisawbn in five people with CRPS [100].
In the second study, three weeks of daily PA eiffett resolved one patient’s pain, reduced
autonomic symptoms, and improved motor function [®}he third study, four days of
twice-daily PA resulted in 36% pain relief in seyaople with CRPS [12]. In the two latter
studies, its effects on pain were maintained fotaupvo weeks after discontinuing the
treatment. While addressing the limitations of éhpeeliminary small-sample, uncontrolled,

unblinded studies, our robust trial showed no eweeof any benefits of PA for CRPS
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beyond those of a control treatment. A small reidadn pain intensity immediately

following PA (13% reduction) was not significantiyeater than after sham treatment (3%).
Similarly, there was an overall reduction in CRRS8esity immediately after treatment that
persisted for four weeks, but was present in bétt{/%6) and sham (8%) treatment

groups. Although a lack of evidence for superioatyPA relative to sham treatment does not
prove their equivalence, the effect sizes of afffigidinces were negligible to small.
Consistent across per-protocol and intention-tattamalyses, there is no evidence that PA is

any more effective than sham treatment for CRPS.

The decrease in CRPS severity across both treagmeumps could be explained by a placebo
effect and/or general benefits of moving the a#ddimb. Meta-analyses of clinical trials
found that placebo response can correspond toS8drRpbint immediate post-treatment
reduction in CRPS pain [60], or a 0.65-point redurcin chronic pain generally (on a 0-10
scale) [39]. This effect might also be responsiblehe reduction in CRPS severity in our
trial. Increased movement of the affected limb ikely alternative explanation, because all
participants performed the pointing task with tredfected hand, regardless of the treatment
condition. Physical exercise is a core pillar offE3Rmanagement [28], and this additional
daily activity might have been sufficient to redU€BPS severity. It is unlikely that the
observed changes were due to natural recoveryhwhight occur within the first year from
diagnosis [1], as participants were on averagentisgd with CRPS for five years. Disease
duration was also unrelated to changes in paimsiteor CRPS severity (Supplemental
Figure S3, available at http://links.lww.com/PAIN/&). Regression to the mean cannot
fully account for the decrease in CRPS severityyaashanges occurred over the baseline
period. Overall, our findings reinforce the imparta of including control treatment arms in
pain rehabilitation studies, and the role of activ@vement in managing long-standing

CRPS.
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We address three potential reasons why we didimdthe hypothesised effects of PA on
clinical outcomes: (1) non-central pathophysiolo§CRPS, (2) absence of
neuropsychological symptoms, and (3) trial limdas. First, because PA targets
neuropsychological deficits, it would possibly beshappropriate for a subset of individuals
who predominately show signs of central neuroptégt{compared to peripheral
inflammation) [5,16]. However, post-hoc classificatof participants into central or
peripheral phenotypes and follow-up exploratorygsabp analysis did not reveal different
responses to PA versus sham treatment (SupplenTeaiibd S1 and Text S3, available at

http://links.lww.com/PAIN/B162).

Second, it is possible that we found no effectAfda participants’ spatial cognition or body
representation because, in contrast to previoakigs [11,21,25,27,76,84,85,94,99], they
did not have any systematic deficits on baselirgeamental measures of spatial cognition
and body representation. One hypothesised mechanfigme apparent benefits of PA in
previous CRPS studies is that it reduces pain byecbng the “neglect-like” bias away from
the affected side. A potential second mechanidoased on the proposal that distorted body
representation gives rise to discrepancies betaaapated and actual consequences of
movement, which cause or exacerbate pain in camditsuch as CRPS [8,38,61,62]. The
transient sensorimotor incongruence introduced égrimg prisms is thought to provide an
error signal that triggers normalisation of bodgresentation and sensorimotor integration
[9,100]. On average, our participants showed ba&dnitstributions of spatial attention and
spatial representations, no systematic slowing@fements directed towards the affected
side, and unimpaired laterality recognition of irea@f affected hands at baseline (see Table
2 and [32]). Cognitive after-effects of PA have thetown to depend on baseline spatial bias
[14,29,44]. Therefore, if altering spatial cognitiand/or body representation were integral

mechanisms through which PA reduces CRPS symptbmsbsence of pre-existing
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neuropsychological deficits could preclude any&&ef PA on the primary clinical
outcomes. However, we dismiss this explanatioredbas the following reasons. In the
follow-up exploratory analyses, we found no relasioips between the extent of baseline
spatial or body representation deficits and changése primary outcomes over the
treatment period (Supplemental Figures S4 and\&blahle at
http://links.lww.com/PAIN/B162). We also found neiégence that PA benefitted subgroups
of individuals who did present with “neglect-likeymptoms or distorted representation of
the affected limb (Supplemental Text S3, availalbttp://links.lww.com/PAIN/B162).
Furthermore, Christophe et al. [12] reported redUCBPS pain afier PA in the absence of
any baseline spatial deficits, and without anyaffen spatial cognition or motor control.
Finally, Sumitani et al. [100] found a significareiduction in pain post-treatment, and a
simultaneous shift in the coding of external spatigrmation relative to the bodgway

from the affected side (i.e. direction opposite togkpected PA spatial after-effects). Since
these previous studies [12,100] had no controtrireat arms, the apparent benefits of PA
could be due to other non-specific factors. Norles overall it seems that response to PA

treatment is unrelated to “neglect-like” spati@$or body representation distortion.

Third, we considered several limitations of ourdstthat might explain why we did not find
the hypothesised effects of PA. Since we testedi@mqol of PA that could realistically be
integrated into CRPS management as a self-admiaisteome-based treatment, we cannot
rule out compliance violations. We relied solelyoparticipants’ self-reported adherence,
therefore the lack of apparent difference betweereffects of PA and sham treatment could
be due to deviations from the instructed treatnpeottocol. However, previous CRPS studies
reported symptom improvement following less freqy&a0], fewer [12], and home-based
[9] PA sessions. PA protocols similar to ours usafficiently strong prisms (10-20°) and 10

or more treatment sessions also found generaliziainlg-lasting effects on hemispatial
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neglect [24,95]. Our use of home-based treatmertmirthat it was not feasible to confirm
adaptation by measuring pointing after-affects. pfetvious studies using 50 pointing
movements have shown that this is sufficient taterafter-effects [9,90,100]. Overall, we do
not consider that these limitations provide reasotioubt our findings that PA is not an
effective treatment for long-standing CRPS. Nonlefg greater confidence could be gained
from a trial of supervised PA with a greater numifesessions, and confirmed adaptation.

Similarly, acute patients, in whom symptoms are kstablished, might yet benefit from PA.

This longitudinal study allowed us to explore poigbaseline predictors of CRPS
progression over 10-30 weeks, regardless of tradtrienaller change in hand preference
since CRPS onset predicted greater reduction mipgnsity. Consistent with the learned
non-use hypothesis [80], underutilization of CRP®eted limb and compensatory use of the
unaffected extremity might maintain CRPS symptonts lsinder recovery. Overall reduction
in CRPS severity was predicted by smaller paimisity and oedema of the affected limb,
suggesting that people with milder symptoms arelyiko improve more. Individuals who
were better at recognising images of affectedixeab unaffected hands also achieved
greater reduction in CRPS severity. Body perceptisturbance was previously linked to
longer CRPS duration and more severe sensory atat 8igns of CRPS [46,50,105]. Our
findings that less distorted representation ancdhtaaied use of the affected limb predict
greater symptom improvement support multidisciplyn@ain management approaches,
which aim to normalise body representation ancefosttive movement [28,73,74]. These
interpretations are, however, tentative, as théyaea were exploratory and the
abovementioned factors explained only 9% and 25%anénce in the overall changes in

pain intensity and CRPS severity, respectively.

We conclude that there is no evidence that PA resipain and other symptoms more than
sham treatment in long-standing CRPS. The berafl®A reported in previous studies are

36



likely due to the placebo effect, greater movenwénhe affected limb, regression to the

mean, and/or natural recovery.
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Figurelegends

Figure 1. Schedule of data collection and interventions.

Figure 2. CONSORT diagram. Flow of participants through thueelg. RS1, research session
1; RS2, research session 2; RS3, research sesdk8v3research session 4; LTFUL, long-
term follow-up 1; LTFUZ2, long-term follow-up 2; kemtion-to-treat analysis, participants
who received allocated intervention; Per-protocalgsis, participants who completed

allocated intervention, RS3-4 (CRPS severity), BREU1-2 (Pain intensity). Note that three
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participants who were allocated to Prism adaptateastment did not attend RS2 or did not
meet the eligibility criteria in RS2, thus they warot trained and did not receive any

treatment, and were not included in the intentmitréat analysis.

Figure 3. Prism adaptation procedure. In this example, ppeit with left-CRPS is using
rightward-shifting prisms (A-C), which induce adaiibn towards the left (affected) side. For
clarity of illustration, only one target (red ciedlis represented in the figure. However, the
treatment procedure involved two targets preseintéae left and right side of space, and
participants’ pointing movements alternated betwiberleft and right targets. (A) Prism
goggles shift visual image to the right. Blue tgnrepresents a shift of visual perspective
and perceived target location (pale red circldatiee to real location of the target (light grey
triangle, dark red circle). (B) Pointing movemeimigially err to the right. (C) Adaptive
realignment results in correct pointing moveme(i?3.Goggles are removed and pointing

movements err to the left (after-effect).

Figure 4. Primary outcomes (intention-to-treat analysis). ME&Ca 95% CI] current pain
intensity (A) and CRPS severity scores (B) in prestiaptation (PA; orange circles) and sham
treatment (blue diamonds) groups in each time pBistl, RS2, RS3, and RS4, research
sessions 1, 2, 3, and 4; LTFU1 and LTFUZ2, long-taitow-up 1 and 2. Grey arrows

indicate the treatment period. **Significant desean CRPS severity between RS2 and

RS3, maintained at RS4, regardless of treatnpepf,< .01.
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Table 1 Baseline (RS1) participant characteristics by treatment group (intention-to-treat analysis)

Measure

Prism adaptation

treatment (n = 23)

Sham treatment

(n=26)

Contrast

Minimisation factors

Current pain intensity (/10) M

5.96 [5.02, 6.80]

6.15 [5.26, 7.00]

t(47) =-0.33, p= .741,d =

0.10

CRPS severity score (/16) Mdn

13.00[12.07, 13.93]

12.50 [11.00, 13.00]

U =287.50, p=.809, d = 0.07

Primarily affected arm (% right) 48% 35% 7%(1) =.88,p=.348,  =-0.13
Pre-CRPS dominant hand (% 91% 92% (1) =.16,p = .898, ¢ = 0.02
right)

Sex (% female) 83% 85% (1) = .04, p=.850, 4 =-0.03

Age (years) M 47.35[43.20,51.95] | 45.31[39.85,50.85] | t(47) =053, p=.601,d=-

0.15

CRPS in other body parts (% 13% 8% ~¥4(1) = .38, p=.537,  =-0.09
present)

Other non-CRPS pain (% present) 44% 39% »(1)=.13,p=.721,¢4=-005

CRPS duration (months since

diagnosis) M

61.26 [47.15, 75.12]

52.31 [39.49, 66.35]

1(47) = 0.84, p=.388,d = -

0.24

Other control measures

Optimism (Revised Life

Orientation Test; /24) M

13.00[10.97, 15.07]

12.31[11.00, 13.61]

1(47) =059, p=.560, d = -

0.17

Mood disturbance (Profile of

Mood States; /229) M

94.81[79.96, 109.93]

84.22[70.94, 98.08]

(47) =097, p=.349,d =-

0.28

Fear of movement (Tampa Scale

for Kinesiophobia; /68) M

38.79 [35.45, 41.95]

40.38[37.17, 43.35]

1(47) = -0.65, p = 502, d =

0.19

Number of logged treatment

sessions (/29) Mdn

29.00 [28.54, 29.46]

29.00 [28.55, 29.45]

U =297.00, p = .965, d = 0.01

Bootstrapped bias-corrected and accel erated 95% confidence intervals are reported in square brackets, [BCa 95% Cl].

There were no significant differences between groups on any measures.




Table 2 Mean or median values [ BCa 95% Cl] of sdlf-reported; sensory, autonomic, and motor; and neuropsychological secondary outcome measures at

each time point (intention-to-treat analysis)

Measure Group Time point

RS1 RS2 RS3 RS4 LTFU1 LTFU2
Self-report questionnaires
Pain
Pain severity (Brief Pain | PA 5.91[5.17, 6.58] 6.02 [5.28, 6.71] 5.41 [4.6(26] 5.43 [4.55, 6.24] 5.62 [4.69, 6.48] 5.59 P1.6.41]
Inventory; /10M Sham 5.81 [5.02, 6.50] 5.95[5.12, 6.78] 5.85 [5/M45] 5.84 [4.82, 6.74] 6.04 [5.12, 6.80] 5.99[R 6.73]
Pain interference (Brief Paifi PA 6.71[6.29, 6.71] 6.43 [5.00, 7.08] 5.29 [3.643] 5.57 [4.71, 6.29] 6.00 [5.22, 6.14] 5.86 [4.6.86]
Inventory; /10)Mdn Sham 5.79 [5.00, 7.14] 5.86 [5.72,5.86] 5.57 [55187] 5.64 [4.00, 6.14] 5.50 [3.71, 6.57] 5.721/4 6.57]
Neuropathic features of pain PA 26.00 [26.00, 26.00] | 25.00 [20.00, 26.00] 2421000, 27.00] | 24.00 [20.00, 26.00 26.00 [25.00.0P] | 26.00 [21.46, 28.00]
(Pain Detect Questionnaire; Sham 23.50 [21.50, 27.00] 24.00 [23.00, 24.00] 2329.00, 26.00] 22.50 [17.06, 26.00] 23.00 [2028.00] 22.50 [18.00, 26.00]
/38) Mdn
Body representation
Bath CRPS Body Perception PA 27.65[22.83,32.34] | 27.78[24.00, 31.22] 271R88, 26.44] | 24.39[20.48, 28.57 25.52[21.783P] | 24.57[20.91, 28.44]
Disturbance Scale (/5M™ Sham 28.96[23.96, 33.76] 27.73[21.98, 33.92] 2923.00, 35.36] 26.81[20.92, 33.61] 26.77 [213B.68] 27.65 [22.53, 33.28]
Emotional functioning
Fear of movement (Tampa | PA 38.79 [35.45,41.95]| 38.52[35.02, 41.73] 3713826, 40.50] | 37.91[34.70, 41.17 38.74 [35.3B9%] | 40.05[36.22, 43.71]
Scale for Kinesiophobia; Sham 40.38 [37.17, 43.35] 39.73[36.43, 42.81] BE32.90, 41.45] 37.42 [34.00, 40.71] 38.24 [34 87.56] 37.27 [33.45, 40.79]

/68)M




Measure Group Time point
RS1 RS2 RS3 RS4 LTFU1 LTFU2

Mood disturbance (Profile of PA 94.81[79.96, 109.93] 98.25[82.66, 113.93] 245L.16, 100.10] 86.21 [73.85,99.00]| 88.80 [74.42, 103.5195.54 [73.56, 117.95]
Mood States; /229 Sham 84.22 [70.94, 98.08] 91.27 [76.05, 106.01] 28B358.95, 96.96] 83.35 [68.76, 97.54] 82.42 [68 95.53] 89.13[70.81, 106.31]
Perceived improvement due to treatment

Patient’s Global Impression| PA - - 2.00[2.00, 4.00] 3.00[3.00, 3.00] 2.000f2.4.00] 3.00 [2.00, 3.00]
of Change (/7Mdn Sham - - 3.00 [1.00, 4.00] 4.00 [3.00, 4.00] 2200, 3.00] 2.00 [1.00, 4.00]
Clinical assessments

Sensory functions

Mechanical Detection PA -0.04 [-0.43, 0.38] -0.35[-1.12, 0.17] -0.40.p4,-0.06] | -0.54[-1.51,-0.10] - -

Threshold ratidvidn Sham -0.30 [-1.37, 0.24] -0.05 [-0.25, 0.17] 0191, 0.30] -0.22 [-0.76, 0.28] - -

Mechanical Pain Threshold| PA 0.62 [0.06, 0.69] 0.50[0.43, 0.56] 0.07 [-0.8%6] 0.50 [0.06, 0.69] - -

ratio Mdn Sham 0.57 [0.24, 0.67] 0.56 [0.38, 0.73] 0.50 [pBZ1] 0.43[0.24, 0.78] - -
Allodynia (/100)Mdn PA 14.00 [5.76, 26.67] 18.87 [4.67, 30.89] 16.8M0, 26.17] 10.73 [2.87, 18.26] - -

Sham 20.50[9.00, 33.83] 14.37 [6.47, 25.03] 136347, 46.47] 18.03 [7.33, 33.33] - -

Two-Point Discrimination | PA -0.06 [-0.16, 0.11] 0.00 [-0.08, 0.13] -0.08.20, 0.00] -0.04 [-0.21, 0.03] - -

threshold ratidvidn Sham 0.15[-0.07, 0.31] -0.13 [-0.25, 0.10] -0.4217, 0.00] 0.05 [-0.30, 0.22] - -

Autonomic functions

Absolute temperature PA 0.47 [0.27, 1.40] 0.30[0.14, 0.68] 0.35 [0.2073] 0.50[0.17, 1.17] - -

difference (°CMdn Sham 0.47[0.30, 0.78] 0.82[0.53, 1.07] 0.77 [01B5] 0.67 [0.40, 1.00] - -

Oedema difference (cni PA -0.01 [-0.42, 0.43] -0.04 [-0.36, 0.28] -0.10.p8, 0.21] -0.23 [-0.64, 0.20] - -




Measure Group Time point
RS1 RS2 RS3 RS4 LTFU1 LTFU2
Sham -0.11 [-0.51, 0.34] -0.02 [-0.40, 0.38] -0[A®52, 0.30] 0.04 [-0.33, 0.43] - -
Motor functions
Grip strength ratidvidn PA 0.35[0.17, 0.39] 0.31[0.25, 0.44] 0.35 [0.6046] 0.39 [0.30, 0.46] - -
Sham 0.32[0.20, 0.65] 0.33[0.18, 0.58] 0.44 [0(260] 0.42[0.23, 0.60] - -
Delta finger-to-palm distance PA 0.70 [0.60, 0.88] 0.67 [0.61, 0.87] 0.73[0.6314] 0.79[0.70, 0.82] - -
ratio Mdn Sham 0.69 [0.55, 0.90] 0.72[0.53, 0.88] 0.79 [0(&89] 0.77 [0.60, 0.93] - -
Experimental tests of neuropsychological functions
Visuospatial attention
Temporal Order Judgement PA 0.16 [-13.82, 9.02] -3.26 [-14.51, 8.35] -1.68.65, 9.71] 5.18 [-1.74, 10.87] - -
task (Point of Subjective | Sham -0.05 [-7.40, 7.06] -0.75 [-8.55, 6.65] 1946016, 7.33] -2.12 [-10.48, 6.07] - -
Simultaneity; msMdn
Landmark task (Pointof | PA 0.04 [-0.20, 0.28] 0.09 [-0.01, 0.19] 0.03 [9.0.40] -0.02 [-0.13, 0.19] - -
Subjective Equality; °“Mdn | Sham 0.06 [-0.07, 0.21] 0.06 [-0.12, 0.17] -0.a5(Q9, 0.10] 0.05 [-0.04, 0.10] - -
Greyscales taskl PA 0.17 [-0.07, 0.41] 0.12[-0.11, 0.34] 0.08 18, 0.30] 0.11[-0.12, 0.34] - -
Sham 0.09 [-0.08, 0.26] 0.12[-0.08, 0.32] 0.0716) 0.25] 0.14 [-0.06, 0.31] - -
Mental representation of space
Mental Number Line PA -0.06 [-0.76, 0.67] -0.10 [-0.73, 0.54] 0.04.58, 0.63] -0.06 [-0.55, 0.42] - -
Bisection taskv Sham 0.12 [-0.51, 0.77] 0.24 [-0.50, 0.99] 0.3936) 1.21] 0.31[-0.34, 0.99] - -

Spatially-defined motor function




Measure Group Time point
RS1 RS2 RS3 RS4 LTFU1 LTFU2
Directional hypokinesia, PA -4.88 [-41.02, 29.55]| -2.23[-40.87,16.7¢] 4b[-58.35, -9.44]| -21.93[-40.85, -9.44] - -
affected hand, Index A (ms) Sham -15.65[-79.21, 26.94] 21.51[-21.38, 56.06P4.31 [-61.88, - -12.26 [-47.44, 16.73 - -
Mdn 12.51]
Directional hypokinesia, PA -37.53[-90.19, 16.61] -25.46[-84.04, 13.63] 8.4D [-80.33, - 4.10 [-40.19, 10.67] - -
affected hand, Index B (ms 22.88]
Mdn Sham -40.43[-48.52, - -0.40 [-61.60, 15.61]| -8.19 [-48.87, 13.72]  3.32306, 20.37]| - -
21.96]
Directional hypokinesia, PA 0.14 [-15.93, 19.88]] 10.28[1.15, 22.22] -6.789[29, 13.43]| -2.78[-45.45, 13.43] - -
unaffected hand, Index A | Sham 5.57 [-24.54, 26.03 -7.88 [-20.59, 14.27]  8(-85.63, 18.92] 2.51[-13.48, 23.38] - -
(ms)Mdn
Directional hypokinesia, PA 4.84 [-6.43, 11.89] 9.41[-17.73,25.19] -3.421].35, 33.52] 7.43 [-26.43, 38.21] - -
unaffected hand, Index B | Sham -23.63 [-48.34,12.93] = 9.18 [-12.92, 28.534] .011-10.84, 28.46]] 16.47 [-2.91, 26.35 - -
(ms)Mdn
Directional bradykinesia, PA 97.95[23.29, 216.69] 64.71[22.36,123.85] 4414.19,72.77]| 52.74[22.18, 66.01] - -
affected hand, Index A (ms) Sham 3.73[-32.67,67.35] 50.72[-5.50, 64.21] 91363, 87.48] 41.09[11.92, 64.21 - -
Mdn
Directional bradykinesia, PA -49.68 [-125.50, - -180.86 [-235.79, - | -124.70[-129.09, - | -78.67 [-115.85, - - -
affected hand, Index B (ms| 8.16] 16.96] 122.32] 42.31]
Mdn Sham -63.53 [-149.00, - -103.18 [-170.48, - -77.49[96, - -75.60 [-99.62, - - -




Measure Group Time point

RS1 RS2 RS3 RS4 LTFU1 LTFU2

57.28] 54.09] 17.51] 48.41]
Directional bradykinesia, | PA 48.80[35.53, 64.67]| 69.36 [35.74,103.71] 794B.24,99.85] | 79.78 [59.27, 116.90] - -
unaffected hand, Index A | Sham 86.46 [54.45, 127.39] 69.84 [24.68, 113.P6] .78476.26, 86.26] | 48.80 [35.53, 64.67] - -
(ms)Mdn
Directional bradykinesia, | PA 31.39[-13.35,64.92] 69.35[25.05,98.84] 3q2ZD07,63.50] | 20.37 [13.72,66.72] - -
unaffected hand, Index B | Sham -28.35[-71.98, 41.21] 3.34[-39.16, 44.61] .6286.71, 53.45] 3.38[-22.98, 12.57] - -
(ms)Mdn
Body representation
Hand laterality recognition, | PA -1.65 [-5.66, 2.34] -2.26 [-5.68, 1.43] 1.30.p2, 4.37] 1.57 [-2.70, 6.00] - -
accuracy index (Yayl Sham 2.77[-1.32,7.37] -1.77 [-5.83, 2.21] 3.929)7.72] 2.54[-2.00, 6.83] - -
Hand laterality recognition, | PA -97.74 [-268.99, -57.20[-187.91, -37.44 [-155.06, -130.05 [-240.98, - - -
reaction time index (msl 70.43] 70.02] 78.98] 27.84]

Sham -236.04 [-448.24, - | -129.37 [-263.61, -28.65 [-173.14, 19.77 [-112.95, - -

65.14]

21.19]

95.70]

161.67]

PA, prism adaptation treatment; Sham, sham tredi®S1, RS2, RS3, and RS4, research sessions8lad 4; LTFUL and LFTUZ2, long-term follow-upsrida2.




Table 3 Analysis of variance results for secondary outcome measures (intention-to-treat analysis)

2

Measure Effect dff F np
Self-report questionnaires
Pain severity (Brief Pain Time 4.12,193.81 1.24 0.295 0.03
Inventory) Group 1,47 0.19 0.664 <0.01
Time x Group 4.12,193.81 1.06 0.379 0.02
Pain interference (Brief Pain| Time* 2.88, 135.32 2.84 0.043 0.06
Inventory) Group 1,47 0.04 0.838 <0.01
Time x Group 2.88, 135.32 0.74 0.526 0.02
Neuropathic features of pain| Time* 3.29, 154.50 3.32 0.018 0.07
(Pain Detect Questionnaire)| Group 1, 47 0.32 0:.574 0.01
Time x Group 3.29, 154.50 0.61 0.625 0.01
Bath CRPS Body Perception| Time 3.41,160.11 2.43 0.059 0.05
Disturbance Scale Group 1, 47 0.57 0.455 0.01
Time x Group* 3.41,160.11 2.60 0.047 0.05]
Fear of movement (Tampa | Time 3.86, 181.61 241 0.053 0.05
Scale for Kinesiophobia) Group 1, 47 <0.01 0.993 <0.01
Time x Group* 386, 181.61 2.89 0.025 0.06
Mood disturbance (Profile of| Time 3.60, 169.21 2.29 0.069 0.05
Mood States) Group 1, 47 0.36 0.554 0.01
Time x Group 3.60, 169.21 0.25 0.894 0.01
Patient’s Global Impression | Time 3,120 0.96 0.414 0.02
of Change Group 1,40 0.02 0.890 <0.01
Time x Group 3,120 0.56 0.644 0.01
Clinical assessments
Allodynia (affected limb) Time 2.23,104.67 1.03 367 0.02
Group 1,47 0.25 0.616 0.01
Time x Group 2.23,104.67 0.35 0.730 0.01
Absolute temperature Time 3,141 0.43 0.731 0.01
difference Group 1, 47 0.16 0.695 <0.01
Time x Group 3, 141 0.63 0.595 0.01
Oedema difference Time 2.41,113.08 0.99 0.387 0.d




Measure Effect dft e
Group 1,47 0.06 0.805 <0.01
Time x Group 2.41,113.08 1.86 0.153 0.04
Experimental tests of neuropsychological functions
Temporal Order Judgement | Time 1.70, 79.69 1.08 0.335 0.02
task (Point of Subjective Group 1, 47 0.16 0.692 <0.01
Simultaneity) Time x Group 1.70, 79.69 0.63 0.512 0.01
Greyscales task Time 2.17,101.82 0.57 0.581 0.d
Group 1, 47 0.02 0.899 <0.01
Time x Group 2.17,101.82 0.52 0.609 0.01
Mental Number Line Time 2.39,112.17 0.48 0.656 0.01
Bisection task Group 1, 47 0.50 0.481 0.01
Time x Group 2.39, 112.17 0.14 0.899 <0.01
Hand laterality recognition, | Time 3,141 2.39 0.072 0.05
Accuracy index Group 1, 47 1.54 0.221 0.03
Time x Group 3,141 0.44 0.723 0.01
Hand laterality recognition, | Time 3,141 1.32 0.269 0.03
Reaction time index Group 1,47 0.05 0.826 <0.01
Time x Group 3, 141 1.48 0.224 0.03

* Statistically significant effect (p < .05).

T Greenhouse-Geisser adjusted degrees of freedore@orted where sphericity assumption was violated



Table 4 The results of the bootstrapped linear mixed models regressions of scores for the tests of sensory and motor function, visuospatial attention, and

spatially-defined motor function (intention-to-treat analysis)

Motor functions

Visuospatial

attention

Two-Point

Discrimination

threshold ratio

Grip ratio

Delta finger-to-
palm distance

ratio

Landmark task

(Point of Subjective

Equality)

Model term  Coefficient estimate [95% Cl]
Sensory functions
Mechanical Detection =~ Mechanical Pain
Threshold ratio Threshold ratio
Intercept -1.27[-1.96,-0.64]*  0.17 [-0.12, 0.45]
Time (RS2 = 0)
RS1 -0.40[-1.99, 1.05] -0.44 [-0.99, 0.07]
RS3 -0.26 [-1.29, 0.69] -0.49 [-1.00, -
0.07]*
RS4 -0.58 [-1.83, 0.48] -0.14 [-0.51, 0.24]

Group (PA=0)
Sham 0.78 [-0.09, 1.71]

Time x Group (RS2, PA =0)

RS1, Sham -0.03 [-1.74,1.72]
RS3, Sham -0.72 [-2.51, 1.03]
RS4, Sham 0.47 [-1.10, 1.92]

0.12 [-0.30, 0.52]

0.34[-0.32, 1.05]
0.65 [0.08, 1.31]*

0.15 [-0.43, 0.72]

-0.04 [-0.16, 0.07]

-0.02 [-0.21, 0.15]

-0.14 [-0.31, 0.03]

-0.04 [-0.21,0.13]

-0:16 [-0.37, 0.05]

0.27 [-0.08, 0.64]

0.15[-0.12, 0.44]

-0.08 [-0.54, 0.30]

0.39 [0.35, 0.43]*

-0.03 [-0.08,0.01]

0.01 [-0.05, 0.06]

0.03 [-0.03, 0.09]

0.02 [-0.04, 0.07]

0.01 [-0.05, 0.08]

0.05 [-0.03, 0.12]

0.01 [-0.09, 0.09]

0.71[0.65, 0.76]*

-0.04 [-0.12, 0.03]

-0.02 [-0.11, 0.06]

0.03 [-0.04, 0.10]

-0.05 [-0.13, 0.02]

0.03 [-0.07, 0.13]

0.05 [-0.05, 0.16]

0.00 [-0.09, 0.10]

0.13 [0.02, 0.24]*

0.09 [-0.18, 0.38]

0.06 [-0.09, 0.21]

-0.02 [-0.16, 0.14]

-0.11 [-0.24, 0.03]

0.04 [-0.30, 0.34]

-0.05 [-0.24, 0.15]

0.01[-0.18, 0.21]



Model term

Coefficient estimate [95% Cl]

Directional hypokinesia (movement initiation time)

Directional bradykinesia (movement execution time)

Affected hand

Unaffected hand

Affected hand

Unaffected hand

Index A Index B Index A Index B Index A Index B Index A Index B
Intercept -10.05[-39.20, 21.45]  -24.15 [-53.82, 10.02 [-4.94, 3.88 [-17.06, 15.22 [-56.77, -121.77[-189.03, - 79.38 [58.21, 62.23 [32.32,
6.72] 25.30] 24.22] 78.91] 56.16]* 97.75]* 92.68]*
Time (RS2 = 0)
RS1 6.89 [-36.08, 49.02] -21.12 [-68.19, -5.25[-35.93, 2.34 [-26.63, 102.01 [-0.40, 44.71 [-56.29, 14.99 [-20.31, -25.34 [-76.29,
25.55] 29.34] 32.30] 210.27] 153.07] 48.61] 25.35]
RS3 -33.02 [-84.48, 9.86] -45.53 [-111.05, -10.09 [-38.16, 0.89 [-26.55, 8.63[-77.98, -39.71[-138.47, 5.36 [-22.59, -22.48 [-59.69,
7.54] 15.04] 29.32] 94.43] 49.83] 36.65] 12.28]
RS4 -16.09 [-68.73, 34.27]  25.03 [-25.51, -24.41 [-53.09, -5.74 [-49.46, 20.89 [-59.88, 52.43 [-32.35, -6.33 [-34.75, -32.80[-73.29,
74.29] 2.65] 35.70] 111.76] 141.20] 21.80] 7.13]
Group (PA=0)
Sham 32.66 [-19.54,90.94]  20.19 [-21.86, -6.51 [-28.25, 7.61[-21.91, 44.89 [-27.15, -18.92 [-118.56, 5.20[-29.93, -59.74 [-100.47, -
65.35] 18.48] 38.77] 124.77] 80.89] 38.56] 22.16]*
Time x Group (RS2, PA =0)
RS1, Sham  -42.92[-123.52, 18.95 [-62.13, 2.46 [-43.43, -21.64 [-65.60, -111.16 [-233.33,  -30.20[-171.51, -7.59 [-58.92, 14.50 [-57.28,
34.03] 98.40] 44.09] 21.48] 14.22] 100.54] 43.47) 82.84]
RS3, Sham  -27.60 [-100.88, 13.76 [-71.15, 10.89 [-25.75, -1.53 [-41.93, -1.62 [-112.01, 82.47 [-55.81, -10.65 [-55.35, 44.51 [-2.63,



Model term  Coefficient estimate [95% Cl]

40.87] 108.58] 45.98] 39.18] 102.07]
RS4, Sham  -32.05 [-116.58, -12.08 [-99.58, 25.45 [-9.96, 19.69 [-33.43, -15.01 [-111.56,
53.89] 74.10] 61.39] 74.47] 78.71]

211.05]
0.90 [-126.26,

127.46]

31.62]
-18.42 [-61.34,

27.17]

93.84]
27.25[-23.77,

76.93]

* Significant effect (95% Cl around the coefficient estimate does not include 0).

The reference condition for dummy variable coding is indicated within parentheses for each term.

PA, prism adaptation treatment; Sham, sham treatment; RS1, RS2, RS3, and RS4, research sessions 1, 2, 3, and 4.



Table 5 Best subsets of factors (as measured in RS1) for predicting overall change in pain intensity

and CRPS severity throughout the study period (intention-to-treat analysis)

Best subsets models Ad;j. R’ AIC cv

Change in pain intensityT

Model 1: (+) Absolute change in handedness* 0.09 -132.24 0.28

Model 2: (+) Absolute change in handedness*, (+) Index A of directional bradykinesia for 0.13 -119.08 0.29
unaffected hand

Model 3: (+) Oedema difference**, (-) Index B of directional hypokinesia for affected 0.25 -105.79 0.30
hand**, (-) Delta finger-to-palm distance ratio*

Model 4: (+) Oedema difference**, (-) Index B of directional hypokinesia for affected 0.27 -105.68 0.30
hand*, (-) Delta finger-to-palm distance ratio*, (+) Mood disturbance

Model 5: (+) Oedema difference**, (-) Index B of directional hypokinesia for affected 0.32 -107.60 0.35
hand**, (+) Mental Number Line Bisection score*, (+) Absolute change in
handedness, (-) Delta finger-to-palm distance ratio

Change in CRPS severity1

Model 1: (+) Current pain intensity** 0.13 -50.21 0.58

Model 2: (+) Current pain intensity**, (-) Index B of directional bradykinesia for 0.23 -48.39 0.60
unaffected hand*

Model 3: (+) Current pain intensity***, (+) Oedema difference*, (+) Hand laterality 0.25 -55.52 0.54
recognition accuracy index*

Model 4: (+) Allodynia on affected limb*, (-) Index B of directional bradykinesia for 0.21 -45.66 0.62
unaffected hand*, (-) Index B of directional hypokinesia for unaffected limb*,
(+) disease duration

Model 5: (-) Index B of directional bradykinesia for unaffected hand*, (-) Index B of 0.21 -44.84 0.62

directional hypokinesia for unaffected limb, (+) Allodynia on affected limb, (+)

Disease duration, (+) Body perception disturbance score




" Predicted outcomes were quantified as individual regression slopes based on pain intensity ratings
throughout RS1-RS4 and LTFU1-LTFU2, and CRPS severity scores throughout RS1-RS4 (negative slopes indicate
reductions in pain/CRPS severity).

*p<.05, ** p<.01, *** p <.001 indicate significant predictors; (+), positive predictor; (-), negative predictor.
Adj. Rz, adjusted R-squared; AIC, Akaike Information Criterion; CV, cross-validation error.

Figures in bold indicate the lowest AIC and CV.
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143 assessed for eligibility

A\ 4

23 pr
19m
7CR

80 excluded

imarily lower limb CRPS
ultiple limbs affected
PS type Il

7 neurological history

6 CR

PS diagnostic criteria not met

11 declined
8 unable to contact

63 enrolled

N

9 excluded
» 7 cancelled
* 1 not eligible (multiple limbs

affected)

y + 1 not eligible (no pain)

54 compl

eted RS1

2 excluded
» 1 lost contact
» 1 withdrew (CRPS flare-up)

| 52 randomised

v

v

26 allocated to Prism
Adaptation treatment

26 allocated to Sham
treatment

3 excluded
» 1 lost contact
+ 1 withdrew (no time)

i * 1 not eligible (pain <2 at RS2)

23 completed RS2

26 completed RS2

v

v

23 received allocated

26 received allocated

intervention intervention
6 excluded
» 1 discontinued (CRPS
2 excluded symptoms exacerbation)
- 1 withdrew (unrelated e 1 Wlthdraw_n by researchers
illness) (unrelated illness)

* 1 lost contact

1 withdrew (CRPS flare-up)
2 withdrew (unrelated
illness)

1 withdrew (no time)

21 completed RS3

v

20 completed RS3

v

21 completed RS4

20 completed RS4

A 4

* 2 lost contact

N

1 completed LTFU1

18 completed LTFU1

. + 2 lost contact

19 completed LTFU2

19 completed LTFU2

'

'

Intention-to-treat analysis
+ 23 Pain intensity

» 23 CRPS severity
Per-protocol analysis

+ 19 Pain intensity

+ 21 CRPS severity

Intention-to-treat analysis

26 Pain intensity
26 CRPS severity

Per-protocol analysis

18 Pain intensity
20 CRPS severity







Mean current pain intensity (/10)

10

L.
Treatment
D
RS1 RS2 RS3 RS4 LTFU1l LTFU2

Mean CRPS severity score (/16)

16

[EEY
N

-
N
L

=Y
(@]

(o]

o— PA treatment

= 4 = Sham treatment

Pesstra

*%*

**

-

Treatment
D

RS1

RS2 RS3

RS4



