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Recent ﬁndings indicated an enlarged representation of the healthy hand in S1 in CRPS.
The enlarged S1 healthy hand representation is not related to compensatory hand use.
The enlarged S1 healthy hand representation does not relate to pain duration.
Our ﬁndings suggest that the enlarged S1 healthy hand representation may be pre-existing.
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a b s t r a c t
Background and aims: Recent evidence demonstrated that complex regional pain syndrome (CRPS) is
associated with a larger than normal somatosensory (S1) representation of the healthy hand. The most
intuitive mechanism for this apparent enlargement is increased, i.e. compensatory, use of the healthy
hand. We investigated whether enlargement of the S1 representation of the healthy hand is associated
with compensatory use in response to CRPS. Speciﬁcally, we were interested in whether the size of the
S1 representation of the healthy hand is associated with the severity of functional impairment of the
CRPS-affected hand. We were also interested in whether CRPS duration might be positively associated
with the size of the representation of the healthy hand in S1.
Methods: Using functional magnetic resonance imaging (fMRI) data from our previous investigation, the
size of the S1 representation of the healthy hand in CRPS patients (n = 12) was standardised to that of
a healthy control sample (n = 10), according to hand dominance. Responses to questionnaires on hand
function, overall function and self-efﬁcacy were used to gather information on hand use in participants.
Multiple regression analyses investigated whether the S1 representation was associated with compensatory use. We inferred compensatory use with the interaction between reported use of the CRPS-affected
hand and (a) reported overall function, and (b) self-efﬁcacy. We tested the correlation between pain
duration and the size of the S1 representation of the healthy hand with Spearman’s rho.
Results: The relationship between the size of the S1 representation of the healthy hand and the interaction
between use of the affected hand and overall function was small and non-signiﬁcant (ˇ = −5.488 × 10−5 ,
95% C.I. −0.001, 0.001). The relationship between the size of the S1 representation of the healthy hand
and the interaction between use of the affected hand and self-efﬁcacy was also small and non-signiﬁcant
(ˇ = −6.027 × 10−6 , 95% C.I. −0.001, 0.001). The S1 enlargement of the healthy hand was not associated
with pain duration (Spearman’s rho = −0.14, p = 0.67).
Conclusion: Our exploration did not yield evidence of any relationship between the size of the healthy
hand representation in S1 and the severity of functional impairment of the CRPS-affected hand, relative
to overall hand use or to self-efﬁcacy. There was also no evidence of an association between the size of
the healthy hand representation in S1 and pain duration. The enlarged S1 representation of the healthy
hand does not relate to self-reported function and impairment in CRPS.
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Implications: While this study had a hypothesis-generating nature and the sample was small, there
were no trends to suggest compensatory use as the mechanism underlying the apparent enlargement of
the healthy hand in S1. Further studies are needed to investigate the possibility that inter-hemispheric
differences seen in S1 in CRPS may be present prior to the development of the disorder.
© 2016 Scandinavian Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.

1. Introduction

2. Methods

It is widely accepted that complex regional pain syndrome
(CRPS) is associated with functional reorganisation in the region of
the primary somatosensory cortex (S1) that represents the painful
limb [1–3]. Speciﬁcally, there is evidence that the spatial representation of the CRPS-affected hand in S1 is smaller than that of the
healthy hand ([4–7]; for meta-analytic review see Di Pietro et al.
[8]). Evidence that the CRPS-affected hand representation is also
smaller than that of controls is not as compelling [8], but, nonetheless, the conventional view is that CRPS is associated with shrinkage
of the S1 representation of the affected hand. This, together with
evidence of altered function of the primary motor cortex in CRPS
[9], has contributed to novel non-invasive therapies for CRPS that
were theoretically aimed at normalising the maladaptive cortical
reorganisation [10,11].
We recently conducted the largest study to date investigating S1
spatial representation in people with upper limb CRPS and healthy
controls, using functional magnetic resonance imaging (fMRI) [12].
Our results were contrary to the prevailing view. While we conﬁrmed hemispheric differences in spatial representation of the
hand in people with CRPS, we clearly showed that S1 representation
of the healthy hand in CRPS was larger than the hand representation of healthy controls, as opposed to the S1 representation
of the affected hand being smaller than the hand representation
of healthy controls. We also found that there was no correlation
between pain duration and the size of the S1 representation of
either hand in CRPS patients [12]. These intriguing ﬁndings clearly
require further exploration.
That enlargement of the S1 representation of a body part reﬂects
use and training of that body part has long been established in both
humans [13,14] and animals [15]. Based on such principles of usedependent neuroplasticity, we were interested in whether the S1
representation of the healthy hand is associated with altered hand
use in response to CRPS. Speciﬁcally, we were interested in whether
the size of the healthy hand representation in S1 is associated with
the severity of functional impairment of the CRPS-affected hand.
For example, one might hypothesise that decreased function or use
of the CRPS-affected hand is associated with an increased representation size of the healthy hand, due to increased function or
use of the healthy hand. However, only considering the function
of the CRPS-affected hand does not capture use of the healthy
hand. That is, one might expect a larger healthy hand S1 representation in those that have the combination of poor CRPS-hand
function but high overall upper extremity function (i.e. high function when either/both hand(s) can be used) than in those that
have low overall upper extremity function (i.e. not using either
hand) or in those with high CPRS hand function. Thus, to capture this balance between CRPS-hand use and healthy hand use,
we used a questionnaire-based measure of compensatory hand
use and explored its relationship to healthy hand representation
in S1. Last, as CRPS of longer duration may result in extended
compensatory use of the healthy hand, our secondary aim was to
investigate whether we would ﬁnd a positive relationship between
the size of the healthy hand in S1 and the duration of CRPS,
after standardisation of hand representation according to hand
dominance.

2.1. Participants
We recruited a convenience sample of patients who were
over 18 years old and who had received a diagnosis of unilateral
upper-limb CRPS from a pain physician, hand therapist, general
practitioner or physiotherapist. All participants were recruited as
part of a wider investigation of functional reorganisation in CRPS,
the protocol of which is presented elsewhere [12]. That is, the sample reported on here is the same as that reported on previously, and
the neuroimaging data have been taken directly from our previous
publication, for further exploration. Participants were excluded if
they could not speak English or had uncontrolled psychiatric conditions that precluded successful participation in the study. Routine
MRI safety protocols were adhered to.
2.2. Ethics
All participants provided informed written consent. All procedures conformed to the Declaration of Helsinki and approval for
the study was granted by the Institutional Human Research Ethics
Committee.
2.3. fMRI mapping of the size of the hand in S1
The fMRI protocol is presented in detail elsewhere [12]. Echoplanar images (EPI) were acquired on a 3T MRI scanner (Philips
Achieva; Neuroscience Research Australia), using a 32-channel
head coil. A custom script was written on MATLAB (version 7.10;
Mathworks, Natick, MA, USA) in order to deliver MRI-compatible
vibrotactile stimulation (Piezotactile Stimulator PTS-C2, http://
dancerdesign.co.uk) to two probes, ﬁtted to the ﬁrst (D1) and
ﬁfth (D5) digit respectively. Stimulation was delivered in a randomised, block-design [16] at a frequency of 23 Hz [16–18] and a
ﬁxed amplitude of 280 microns [19–21]. Participants were asked
to concentrate their attention on the stimuli [4,7]. fMRI data were
analysed using Statistical Parametric Mapping version 8 software
(Wellcome Trust Centre for Neuroimaging, University College London, UK). Right and left hand sessions were evaluated separately.
After pre-processing and ﬁrst-level statistics were employed uniformly across right-hand and left-hand sessions for all participants,
activation maxima in response to stimulation of each digit were
located within a bilateral S1 mask determined a priori (p < 0.05
uncorrected) [22,23]. The distance between activation maxima was
calculated for both hands as a measure of hand representation size
[24]. This was performed by a member of the research team (ML)
who was blinded to all clinical information (i.e. unaware of which
hand was affected by CRPS).
While our previous investigation conﬁrmed that the apparently larger representation of the healthy hand in CRPS was not a
function of the inherent differences in hand representation size in
healthy controls, limitations in study size meant that we could not
statistically evaluate whether hand representation in CRPS might
vary depending on whether CRPS affects the dominant or nondominant hand [12]. Thus, in the current study, the size of the S1
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representation of the healthy hand in participants with CRPS was
standardised to the mean representation size of the corresponding hand in the previously recruited healthy control sample. The
method was as follows: if CRPS affected the patient’s dominant
hand, their healthy hand was their non-dominant hand and was
therefore standardised to the mean representation size of the nondominant hand in controls. Conversely, in patients with CRPS of the
non-dominant hand, the healthy hand was their dominant hand
and was therefore standardised to the mean representation size of
the dominant hand in controls. Thus the extent of the healthy hand
representation size in patients was expressed as a proportion of the
mean representation size in controls. As a last step, each proportion
was log-transformed, to ensure that proportions of the same ratio
(regardless of the raw values) were represented symmetrically and
at the same interval along the scale.
2.4. Measures
In addition to the collection of functional imaging and clinical
information, including assessment of pain duration, participants
completed the Patient-Rated Wrist and Hand Evaluation (PRWHE)
[25], the shortened version of the Disabilities of the Arm, Shoulder
and Hand (QuickDASH) [26], and the Pain Self-Efﬁcacy Questionnaire (PSEQ) [27]. The responses to the function items of the PRWHE
(10 items all pertaining to function of the painful hand) were
summed and subtracted from 100 so that a higher score indicated
higher function. The QuickDASH score (11 items all pertaining to
the ability to carry out daily tasks, irrespective of hand) was calculated as per the author’s instructions [26] and then subtracted
from 100, so that a higher score indicated higher function. The PSEQ
assesses one’s conﬁdence to achieve valued outcomes, despite pain.
Answers to the 10 items of the scale were summed; a higher score
indicated stronger self-efﬁcacy.
2.5. Reported compensatory hand use and the healthy hand S1
representation size
We operationalised compensatory use of the healthy hand as
the interaction between the reported use of the CRPS-affected hand
(PRWHE score) and overall function (QuickDASH score) (Model 1),
and as the interaction between the PRWHE score and reported selfefﬁcacy (PSEQ score) (Model 2). Patients who reported decreased
use of their affected hand and high overall function or self-efﬁcacy,
for example, were considered to have increased or compensatory
use of their healthy hand. Self-efﬁcacy beliefs determine whether
people are likely to engage in valued activities [28], and have been
shown to play a key role in the disability associated with painful
conditions [29]. We considered the use of objective measures to
assess arm movement; however pilot testing suggested that activity sensors, such as the ‘Actical’ (Philips), did not provide reliable
data on individual arm movement. This was conﬁrmed by the
manufacturer. Moderate to strong relationships between objective
and subjective measures of arm function have been demonstrated
for conditions with unilateral functional impairment, for example
stroke [30] and rheumatoid arthritis [31].
2.6. Statistics
Analyses were performed with SPSS Version 21 (IBM Corporation, New York). Data were checked for normality using visual
inspection and the Shapiro–Wilk statistic. Two multiple regression
models investigated the relationship between the size of the
S1 representation of the healthy hand (standardised to controls
and log-transformed as above; dependent variable) and compensatory use of the healthy hand (independent variable), using an

interaction term of PRWHE × QuickDASH (Model 1) and
PRWHE × PSEQ (Model 2). Unstandardised ˇ were interpreted
as follows: a regression coefﬁcient of, for instance, 0.013 indicated
a 1.3% increase in S1 hand representation size for every 1 unit
increase in compensatory hand use (interaction term). The correlation between pain duration and the size of the S1 representation
of the healthy hand was tested with Spearman’s rho. Results below
are presented as mean ± SD unless otherwise stated.

3. Results
Twelve patients with CRPS of the upper limb were included
in the study (3 male, 9 female; age 50.4 ± 12.2 years; one lefthanded, one ambidextrous). Seven patients presented with CRPS
of the dominant hand; ﬁve patients had CRPS of the non-dominant
hand. See Table 1 for patient characteristics. Ten healthy controls
were included in the study (3 male; age 44.4 ± 14.2 years; one lefthanded).
The median pain duration for the CRPS patients was 27
months ± 43 (4–45). The mean PRWHE score of the CRPS patients
was 46 ± 30 out of 100 (range 3–91). The mean QuickDASH score
was 54 ± 29 out of 100 (range 2–91). The mean PSEQ score was
33 ± 20 out of 60 (range 0–60).
In the CRPS group, the mean ± SD representation size of the
affected hand in S1 was 15.02 mm ± 5.08; the healthy hand was
19.98 mm ± 7.14. In the healthy controls, the mean representation size of the dominant hand was 18.09 mm ± 4.45. Because the
data for the non-dominant hand in controls were non-normally
distributed, we took the conservative approach of using the
mean, that is 13.03 mm ± 4.59, which was larger than the median
(12.21 mm ± 3.91 (IQR)), and thus minimised our chance of a false
positive ﬁnding. The standardised mean healthy hand representation size (i.e. prior to the ﬁnal log transformation) in patients
with CRPS of the dominant hand was 1.84 (i.e. the size of the
healthy hand representation expressed as a proportion of the size
of the non-dominant hand in controls). The standardised mean
healthy hand representation size in patients with CRPS of the
non-dominant hand was 0.80 (i.e. the size of the healthy hand representation expressed as a proportion of the size of the dominant
hand in controls).

3.1. Reported compensatory hand use and the healthy hand S1
representation size
There was no signiﬁcant relationship between the size of
the S1 representation of the healthy hand and function of the
CRPS-affected hand (i.e. PRWHE score), or overall function (i.e.
QuickDASH score) or the interaction term PRWHE × QuickDASH;
that is, the size of S1 representation of the healthy hand was not
associated with function of the CRPS-affected hand relative to overall function (for Model 1 results see Table 2). With each of the
unstandardised coefﬁcients, even the upper bound of the 95% C.I.
indicated that there was no meaningful relationship with the S1
representation of the healthy hand. Similarly, there was no significant relationship between the size of the S1 representation of the
healthy hand and self-efﬁcacy (i.e. PSEQ score), or the interaction
term PRWHE × PSEQ; that is, the size of the S1 representation of the
healthy hand was not associated with function of the CRPS-affected
hand relative to overall conﬁdence to achieve valued outcomes
(for Model 2 results see Table 2). Finally, there was no relationship between the standardised size of the S1 representation of
the healthy hand and the duration of CRPS signs and symptoms
(Spearman’s rho = −0.14, p = 0.67).
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Table 1
Demographics and clinical information of CRPS participants.
Pain intensity (0–10)a

Hand dominance (reported)

Pain in other locations

30

8

R

R UL and L LL

R

42

6

R

R face

L

2

5

R

None

R

2

2

R

None

R

29

8

R

L UL, R side face, R LL

L

120

4

R

R UL, LBP

L

3

3

Ambidextrous

None

R

180

7.5

R

L UL, L LL

R

25

2

R

None

L

48

7

R

Bilateral LL

R

19

4

R

None

R

4

3

L

None

Patient number,
gender, age

CRPS location

#1
Male 36 y/o
#2
Female 45 y/o
#3
Female 39 y/o
#4
Female 46 y/o
#5
Female 52 y/o
#6
Male 66 y/o
#7
Male 34 y/o
#8
Female 60 y/o
#9
Female 56 y/o
#10
Female 44 y/o
#11
Female 53 y/o
#12
Female 74 y/o

L

Pain duration (months)

CRPS = complex regional pain syndrome; y/o = years old; R = right; L = left; Bil. = bilateral; UL = upper limb; LL = lower limb.
a
Resting average pain intensity over last two days. “How would you rate your average pain at rest over the last two days? Please rate from 0 to 10, with 0 being no pain
at all and 10 being the worst pain you can imagine.”
Table 2
Results of multiple regression analyses investigating various relationships with the S1 representation of the healthy hand in CRPS.
Unstandardised ˇa
PRWHE score
(Model 1)
QuickDASH score
(Model 1)
PRWHE × QuickDASH
(Model 1)
PRWHE score
(Model 2)
PSEQ score
(Model 2)
PRWHE × PSEQ
(Model 2)

0.013

Standardised Betab
0.744

−0.009

95% CI around unstandardised ˇ
−0.05, 0.076

−0.493

−0.044, 0.026

−0.327

−0.001, 0.001

0.000

0.020

−0.060, 0.061

−0.001

−0.022

−0.058, 0.057

−6.027 × 10−6

−0.024

−0.001, 0.001

−5

−5.488 × 10

PRWHE = Patient-Rated Wrist and Hand Evaluation; QuickDASH = shortened version of the Disabilities of the Arm, Shoulder and Hand; PSEQ = Pain Self-Efﬁcacy Questionnaire.
a
Unstandardised ˇ expressed in original units of each scale.
b
Standardised coefﬁcient after all variables’ conversion to z-scores.

3.2. Post hoc exploratory analysis of side of CRPS (dominant vs
non-dominant hand)
Due to differences seen in the standardised S1 hand representation size between those with CRPS of the dominant versus
non-dominant hand, we repeated the multiple linear regression analyses (Model 1 and Model 2), controlling for ‘CRPS side’
(dominant or non-dominant) as a confounder. In Model 1, when
controlling for CRPS side, the results were unchanged: no significant relationships were found between the S1 representation of
the healthy hand and any of the existing variables (see Table 3).
In Model 2 (PSEQ), when controlling for CRPS side, it is worth
noting that the relationship between S1 representation of the
healthy hand and PRWHE score was signiﬁcant (ˇ = −0.028, 95%
C.I. −0.055, −0.001; see Table 3 for full results). Ideally, we would
further explore the relationship between S1 representation of the
healthy hand and inferred compensatory use to see if it differed
based on which side was affected by CRPS (dominant versus nondominant). However, due to the small numbers of participants

when we divided participants into those with CRPS of the nondominant hand (n = 5) and dominant hand (n = 7), we were unable
to repeat the linear regression analyses (Model 1 and Model 2) separately in these groups (see Supplementary Figs. 1 and 2 for post
hoc exploration of dominance in each Model).

4. Discussion
We investigated whether there would be a positive relationship
between the size of the healthy hand representation in S1 and the
severity of functional impairment of the CRPS-affected hand relative to overall hand use and self-efﬁcacy. Our exploration did not
yield evidence of this. That is, the apparent enlargement of the S1
representation of the healthy hand does not appear to reﬂect the
extent to which the affected hand is incapacitated by CRPS. Taken
together, the results from two measures of disability suggest that
enlarged representation in S1 of the healthy hand may not reﬂect
use-dependent changes in CRPS.
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Table 3
Results of post hoc multiple regression analyses investigating various relationships with the S1 representation of the healthy hand in CRPS.
Unstandardised ˇa

Standardised Betab

95% CI around unstandardised ˇ

PRWHE score
(Model 1)
QuickDASH score
(Model 1)
PRWHE × QuickDASH
(Model 1)
CRPS side
(Model 1)

−0.022

−1.289

−0.053, 0.010

−0.008

−0.432

−0.023, 0.008

0.000

1.702

−0.980

−0.995

−1.374, −0.587

PRWHE score
(Model 2)
PSEQ score
(Model 2)
PRWHE × PSEQ
(Model 2)
CRPS side
(Model 2)

−0.028

−1.639

−0.055, −0.001

−0.002

−0.092

−0.026, 0.021

0.000

1.751

−0.995

−1.010

0.000, 0.001

0.000, 0.001
−1.357, −0.632

PRWHE = Patient-Rated Wrist and Hand Evaluation; QuickDASH = shortened version of the Disabilities of the Arm, Shoulder and Hand; PSEQ = Pain Self-Efﬁcacy Questionnaire.
a
Unstandardised ˇ expressed in original units of each scale.
b
Standardised coefﬁcient after all variables’ conversion to z-scores.

4.1. Past ﬁndings: S1 representation of the hand
Our ﬁnding is surprising and appears to challenge established
principles of neuroplasticity insofar as increased cortical representation of the hand in S1 did not seem to relate to use of the hand. It is
important to note, however, a key difference in our neuroimaging
‘representation’ measure and that used by past studies. The D1–D5
distance was used here as a measurement of S1 representation size
(as recommended by Jung et al. [24]); however, in their seminal
studies of use and S1 representation, Elbert et al. [13] and PascualLeone and Torres [14] demonstrated increases in the magnitude, or
strength, of the activation with digit simulation.
One possible explanation for the current ﬁnding is that the
difference in representation size between hemispheres in these
patients is unrelated to the signs and symptoms of CRPS, and
might simply reﬂect what is found in healthy controls. There is
indeed evidence of asymmetry between hemispheres in healthy
controls. Studies using electroencephalography (EEG) have demonstrated that the left hemisphere shows a stronger response to
peripheral electrical stimulation [24,32] than the right, in both
left-hand dominant and right-hand dominant people. Furthermore, a healthy participants study that used a similar paradigm to
ours, but with magnetoencephalography (MEG) not fMRI, showed
larger S1 representation of the hand in the left hemisphere than
in the right hemisphere in all right-hand dominant and most
left-hand dominant participants [33]. Although it is important
to consider our ﬁndings in the context of the seemingly consistent patterns of asymmetry seen in healthy participants, it
would seem that these patterns do not explain our result, because
in our sample the healthy hand was represented in different
hemispheres.
It is important to note, however, the potential differences in the
S1 representation of the hands, based on whether the dominant
or the non-dominant hand is affected by CRPS. Our previous study
[12] demonstrated a larger than usual representation of the healthy
hand, and the ﬁnding was independent of the inherent differences
in hand representation we found in healthy controls. However,
the investigation did indeed yield evidence of a difference in the
representation of the hands in controls, and furthermore a suggestion that a different pattern of S1 representation might arise when
CRPS affects the non-dominant hand – the group of patients with
CRPS of the non-dominant hand was perhaps too small to affect
the overall average in our previous study [12]. For these reasons it

was important here to account for the effects of hand dominance,
by expressing hand representation size in patients as a proportion of that in healthy controls. In doing so, it appears that there
might indeed be a difference in S1 hand representation based on
the side affected by CRPS, but the sample is small and this question ultimately requires evaluation with a larger sample before any
conclusion can be made.

4.2. Relationship between S1 representation and pain duration
Our secondary aim was to explore the relationship between the
size of the healthy hand in S1 and the duration of CRPS; the ﬁndings
of the study did not support this notion either. One interpretation
of this ﬁnding is that the difference in hemispheres may be premorbid, whereby the S1 representation of the non-dominant hand
is larger than that of the dominant hand, before the onset of CRPS. In
this case such a difference might reﬂect a vulnerability to the condition. This possibility, although speculative, is novel, plausible and
offers important potential for future study. Alternatively it may be
that the difference between hemispheres occurs early in the course
of the disease, for example, soon after injury or during immobilisation. Relevant to this is the report of an increase in the magnitude
of cortical activation with sensory stimulation and movement of
the non-immobilised (non-dominant) hand following short-term
immobilisation (72 h) of the other (dominant) hand, in a healthy
control group [34].
To our knowledge, the correlation between pain duration and
the size of the S1 representation of the healthy hand has not been
tested previously. In fact, little is known about the correlation
between pain duration and the size of the S1 representation of the
CRPS-affected hand. Of the four existing studies into S1 spatial representation in CRPS, two studies did not present correlation data on
pain duration [6,7] and two studies present evidence of no correlation [4,5]. It is possible that our study was underpowered to detect
a relationship between pain duration and S1 representation, however the size of the non-signiﬁcant correlation was small and as
such it is unlikely that this relationship would be meaningful even
if it was detectable in a large sample. Of further note is that the
apparent direction of the correlation observed here suggests that,
if anything, the healthy hand may become smaller in its representation over time. Again, this seems worthy of further longitudinal
investigation.
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4.3. Considering hemispheric interactions and lateralisation
Most of the existing studies on dominance in healthy populations have investigated the primary motor cortex (M1), not S1.
Previous ﬁndings in M1 include asymmetry in both structure
and function, and a correlation between hand-dominance and the
degree of hand motor representation [33,35,36]. It is intuitive that
enhanced use of the dominant hand would impart some effect on
somatosensory-processing regions, but function is related more
closely to movement, and somatosensory representation appears
to vary independently of motor function, with the latter being more
clearly lateralised according to dominance [32]. An obvious target
for future work on CRPS-related functional impairment would be
to investigate alterations to hand representation in M1.
Another phenomenon more extensively investigated in the
motor domain than in the somatosensory domain, in healthy populations, is inter-hemispheric interaction [37]. Abnormal, or more
speciﬁcally, decreased inter-hemispheric inhibition has been found
in CRPS in both the primary motor [9,38] and in the primary
somatosensory [39] cortices. It certainly seems plausible that a
lack of inhibition by the CRPS-affected hemisphere on the healthy
hemisphere might explain the apparently enlarged healthy hand
representation that is unexplained by compensatory use; however,
we cannot deﬁnitely claim this on the basis of the current results.
4.4. Limitations
It is important to highlight the hypothesis-generating nature of
this study. Intriguing questions of neuroplasticity were addressed
but not answered deﬁnitively. There were several limitations of the
current study. We recruited a small sample, and the group was heterogeneous in CRPS signs and symptoms. As such, the study may
have been underpowered to detect the relationships we were looking for. However, that there was no sign of a trend in either of the
main analyses suggests that if a relationship does in fact exist, it is
likely to be very small and therefore unlikely to completely explain
the phenomenon of use-dependent plasticity. We also relied on
self-report of function and we inferred use of the healthy hand
through comparisons of CRPS-affected hand function and overall
hand function. Subjective measures of hand function have demonstrated moderate to strong relationships with key objective hand
function tests in patients with rheumatoid arthritis of the hands
[31], and self-report questionnaires of hand use and accelerometry
have been found to be signiﬁcantly related in stroke [30]. However,
to our knowledge this relationship has not been yet been established in CRPS. An objective and direct measure of healthy hand
function would provide more comprehensive assessment.
4.5. Final considerations
A ﬁnal consideration relates to the emerging picture of spatiallydeﬁned deﬁcits in CRPS, as distinct from somatotopically-deﬁned
deﬁcits. These deﬁcits are best exempliﬁed by delivering identical
tactile stimuli, at varying interstimulus intervals, to both hands of
someone with CRPS of one hand, and having them make temporal
order judgments (TOJ) of the stimulus pairs. When the hands are
held in front of the body, on either side of the midline, the stimulus
delivered to the affected hand is processed slower than the stimulus delivered to the unaffected hand. However, when the hands are
crossed, the relationship is reversed, demonstrating that the deﬁcit
relates to which side of the midline the stimulus occurs, not which
hand is stimulated [40,41]. Moreover, the deﬁcit extends to thermoregulation, with the hand on the affected side of space being
cooler than the hand on the healthy side [42]. Spatially-deﬁned
deﬁcits have also been observed in people with unilateral back pain
[43] and unilateral knee pain [44]. It seems reasonable to suggest
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that the relationship between S1 changes and usage in CRPS are
more complex than they have appeared – perhaps dysfunction of
neurological mechanisms underpinning spatial processing and the
integration of bodily representations plays an important interactive
role [45].
Previous studies have demonstrated that the S1 cortical representation of the affected hand in CRPS is smaller than that of
the healthy hand [4–7]. Those results were consistent regardless
of whether CRPS affected the left or right hand. So while it may
be argued, on the basis of the cortical asymmetries seen in healthy
populations, that the interhemispheric differences found in CRPS
are unrelated to the disorder, this conclusion seems highly unlikely.
It is more than feasible that the size of the S1 representation of the
healthy hand would relate to the incapacity of the affected hand,
according to established principles of use-dependent neuroplasticity. However, our preliminary ﬁndings do not provide support
for this proposal; they instead raise the tantalising possibility that
abnormal hemispheric asymmetry, such that the non-dominant
hand is abnormally large in its representation, might reﬂect a
vulnerability for the condition, or a marker of initial response to
injury or immobilisation. This possibility clearly requires more
investigation, but represents a potentially critical new direction in
our pursuit of explanations for why a small proportion of people
develop CRPS after peripheral trauma whereas the vast majority do
not. That the S1 representation of the healthy hand might become
smaller in size over time is consistent with both possibilities and
warrants further investigation.
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