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a b s t r a c t
Knowledge of the position of one’s limbs is an essential component of daily function and relies on complex interactions of sensorimotor body schema-related information. Those with Complex Regional Pain
Syndrome (CRPS) express difﬁculty in knowing where their affected limb is positioned. The aim of this
study was to determine the degree to which experimental data supported the reported difﬁculty in limb
position sense. A controlled experimental design was used to measure upper limb position accuracy
amongst those with CRPS of one arm. Position accuracy was individually measured in both arms and
compared to a known target position. Video captured each of 36 trials (half with arm in full view and half
with vision obscured). The error in degrees between actual and known targets was determined using
video analysis software. The Brief Pain Inventory measured pain. A subjective mental image representation of both upper limbs was documented. The CRPS group had moderate pain intensity and were significantly less accurate in positioning both the affected and unaffected limbs compared to controls
(p < 0.001). Position accuracy of the CRPS affected limb signiﬁcantly improved with vision (8.3° in view,
10.7° not in view). Subjective mental representations of the affected limb were visualised as distorted.
Evidence of bilateral arm positioning impairments in unilateral arm CRPS suggests that central mechanisms are involved. Cortical reorganisation in regions associated with the body schema (i.e. primary
somatosensory and parietal cortices) is proposed as an explanation. The exact relationship between pain
and limb position deﬁcits requires further exploration.
Ó 2010 Published by Elsevier B.V. on behalf of International Association for the Study of Pain.

1. Introduction
‘‘If the pain is very intense, even if I am touching something else I’ve
got no idea where my arm exists” [27, p. 115]. This description typiﬁes the difﬁculty that those with CRPS express in knowing where
their affected limb is positioned [27]. Knowledge of the position of
one’s limbs plays an essential role within the motor system – enabling accurate and smooth movements to be performed [13]
and is a necessary component of daily functioning [18]. This sense
involves a complex interaction of proprioceptive, vestibular,
somatosensory and visual inputs from the periphery that interrelate with motor systems [13,19,22]. Interpretation of this multisensory information within the context of a centrally maintained
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representation of the limb or ‘body schema’ provides our fundamental sense of limb position [21,22].
However, subjective perceptual disturbances of the affected
limb are suggestive of distortions in body schema amongst those
with CRPS. Features such as a desire to amputate [8,10,27], perceptual distortions in size and shape [27,31,32], lack of self-ownership
[12,14,27] and hostile feelings [27] have all been expressed by
individuals about their affected limb. Cortical reorganisation in regions associated with the body schema (i.e. primary somatosensory cortex, posterior parietal lobe) have been revealed by brain
imaging, providing further evidence of body schema disruption
[28–30,34].
Given that limb position sense is integral to performing movements it is important to note that motor dysfunction is well recognised in CRPS [4,14,15,23,25,37,44–47]. Brain-imaging evidence of
altered neural activity in motor cortices has also been found [30].
Despite acknowledged changes in body perception and motor
function little is known about limb position sense and performance
in CRPS. As such the aim of this study was to determine the degree
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to which objective experimental data supports the ‘sense’ or reported perception of limb-positioning difﬁculty. We hypothesised
that there was a statistically signiﬁcant difference in affected upper
limb position accuracy in those with CRPS when compared to
healthy volunteers. In addition, we wished to determine whether
there was a relationship between limb position accuracy and
self-perception of the affected limb. Given that vision of the limb
plays an important role in updating the body schema [9,11] we
aimed to establish the extent to which vision may contribute to
limb-positioning accuracy. By addressing these aspects we set
out to provide insights into the mechanisms of limb position performance in CRPS and how this knowledge might inform clinical
practice.

were worn for the second condition. Participants undertook three
sets of three positions with the left arm and three with the right
in each condition. To minimise an order effect, the commencing
condition was randomised across participants such that half of
each group commenced the experiment with the arm in view
and half wearing goggles to obscure vision.
2.2.2. Data collection
A webcam was situated in the ceiling directly above the participant’s chair and video captured an aerial view of each participant’s
arm positioning performance. The videos were digitally stored on a
computer for later analysis.
2.3. Outcome measures

2. Methods
2.1. Participants
Twenty participants aged between 18 and 65 years who met the
International Association of the Study of Pain classiﬁcation criteria
for CRPS Type I and II [42] of one upper limb were drawn from a UK
population. The reason for including both subtypes was to fully
represent the CRPS clinical population. Additional inclusion criteria
were that they could perform 90° shoulder abduction bilaterally,
could verbally communicate and had no co-morbidity such as diabetic neuropathy that might inﬂuence performance. Those with severely impaired eyesight that could not be rectiﬁed with the use of
visual aids were excluded. Participants were recruited from patients attending a national CRPS referral hospital. Twenty healthy
volunteers with no history of chronic pain and who matched the
patient’s age and gender were also recruited via posters displayed
in the hospital. All participants gave written consent and data were
collected in accordance with a protocol approved by the Local Research Ethics Committee and NHS Foundation Trust.
2.2. Procedures
2.2.1. Experimental study design
A controlled experimental design was used to determine the degree of upper limb position accuracy in patients with unilateral
CRPS compared to healthy volunteers. Whilst seated in the centre
of a quiet, windowless room, participants were asked to position
one arm at a time in a series of horizontal positions corresponding
to the hours of 9 o’clock through to 3 o’clock. The position of hours
on a clock face in the horizontal plane was used as a cognitive
internal construct because it comprised precise positions that were
universally known. Prior to the experiment, clock hour positions
were randomly selected by computer from a possible four options
for each arm (right arm: 12, 1, 2, 3 o’clock; left arm: 9, 10, 11, 12
o’clock). A set comprised performing three randomised positions
with the same arm.
Coloured removable markers located on the dorsal aspects of
both wrists were the points from which the participant’s upper limb
position was determined. Locating the reference marker on the wrist
minimised the potential confounding inﬂuence that hand dysfunction might have on an individual’s positioning performance.
Prompted by the researcher who stated the randomised hour,
each participant moved their corresponding arm into a horizontal
position at which they considered the wrist marker to be located
at that hour. This procedure was repeated so that six sets were performed by each arm, hence every participant performed a total of
36 positions.
In order to establish the contribution of vision to limb position
accuracy, the experiment was performed under two conditions:
with the arm in view and with vision obscured. Opaque goggles

2.3.1. Primary outcome measure
The primary outcome measure was the difference between target position (the hour) and limb position (determined by wrist
marker) measured in degrees from the digital video using software
[39]. The method used to digitally determine each angle is described in Section 2.5.
2.3.2. Secondary outcomes
2.3.2.1. Brief Pain Inventory (BPI) [6]. It was important to measure
the extent of pain in order to describe and compare the CRPS study
sample within the context of the general population. The BPI, a
well-validated pain measure was administered to determine a subjective rating of pain with higher scores denoting more severe pain.
The participant completed the questionnaire prior to commencing
the experiment.
The purpose of the following outcome assessments was to explore aspects of body perception amongst the two groups and to
discover whether a relationship existed between these aspects
and limb position accuracy.
2.3.2.2. Open question about limb position awareness. In order to
capture the participant’s perception of general awareness of limb
position the following open question (as informed by a previous
study [27]) was asked prior to the experiment;
‘‘On a daily basis, how aware are you of the position of your
limbs?”
Answers were compared to the limb position performance data.
2.3.2.3. Mental image of upper limbs. A subjective mental representation of how individuals perceived both limbs was captured by
asking participants to close their eyes, visualise and describe how
their upper limbs appeared. The researcher constructed a line
drawing to illustrate this description. The strength of this approach
was that verbal descriptions of both arms were captured in illustrative form. Other non-pictorial descriptions were added in free
text alongside the image. CRPS participants were asked to describe
their unaffected limb ﬁrst.
After opening their eyes, participants were asked to state
whether the picture was an accurate representation of their mental
image and had the opportunity to amend it accordingly. The resultant descriptions were then compared to the upper limb position
accuracy ﬁndings.
2.4. Effect size and group sample size calculation
Given the lack of data in this area, we used a pragmatic approach to propose what would arguably be clinically relevant in
terms of limb position recognition in normal functioning. A significant difference between the groups was estimated to be 10° difference between the target and actual limb position. Limited data
were available on which to estimate the standard deviation (SD).
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The expected range for participant’s deviation from target position
was 0–60°. Assuming a normally distributed response and six SDs
across the range the SD was estimated at 10°. The estimated effect
size was therefore 1.
A sample size of 17 in each group was assessed to have 80%
power to detect a difference in means of 10° assuming that the
common standard deviation was 10° using an ANOVA with a
0.05 two-sided signiﬁcance level. To account for the possibility of
incomplete data, 20 participants were recruited for each group.
2.5. Data analysis
2.5.1. Analysis of primary outcome
Subsequent to the trials, each participant video was digitally
analysed using computer software [39]. This programme enabled
digital lines to be drawn from one landmark to another on the video images. A standardised centre point and vertical 0° axis from
which each angle would be measured was determined by the point
of intersection between the horizontal shoulder position and the
right hand edge of the vertical ﬂoor marker at 0° which served as
the 0° axis in each video. Still pictures for each arm clock position
were created from the participant video. A line was digitally drawn
from the standardised centre point and axis to the wrist marker for
each arm position.
The software programme automatically calculated the angle in
degrees from these lines.
The difference in degrees between the known clock hour angle
and corresponding arm position angle was then calculated to
determine the accuracy of each arm position that was performed
(see Fig. 1). In a blind repeated measure analysis of ten randomly
selected video datasets, the reliability of this method of measuring
limb position accuracy was shown to be within 1°.
Given that the patient group had CRPS of one arm only, it was
important to establish position accuracy of the affected limb separate from that of the unaffected limb. Hence, results from the study
group are presented in this manner. However, since hand dominance was found to have no signiﬁcant effect on position accuracy
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(p = 0.462) in healthy volunteers, data combining both arms are given for this group.
2.6. Statistical analysis
A distribution plot showed that healthy volunteer limb position accuracy data were not normally distributed. Results are
therefore reported as median values and interquartile ranges
are given. Non-parametric analyses were performed using the
Mann–Whitney U test to compare between groups. A Bonferroni
correction [1] determined a p value of 0.008 or less as statistically
signiﬁcant for the between group comparisons. A p value of 0.05
or less was used for within group comparisons as the variables
were not independent. SPSS version 15 [41] was used to analyse
data.
2.6.1. Analysis of secondary outcomes
Data from the BPI was statistically analysed using SPSS version
15 [41].
Responses to the open question were classiﬁed in a dichotomous manner to either ‘normal awareness’ or ‘difﬁculty in awareness’. If participants expressed any difﬁculty in knowing where
their affected limbs were in response to the question it was categorised as ‘difﬁculty in awareness’.
No suitable method of scoring mental image representations
was found in the literature. Given this novel approach a simple
scoring system based on the principles of content rating was devised. Each drawing was rated on the presence of three aspects
of distortion in mental representation. The rating given was ‘no
distortion’, ‘distortion’ or ‘severe distortion’. If either a distortion
in size or shape was depicted within the drawing or the accompanying textual descriptions, i.e. that it was not anatomically consistent with the actual shape of the limb, the rating ‘distortion’ was
given. If two or more segments of the body were missing this
was rated as a ‘severe distortion’.
3. Results
3.1. Participant characteristics (Tables 1 and 2)
Twenty participants took part in each group. Patient data
including symptom duration and sign and symptom presentation
are given in Table 1. The CRPS and control groups were well
matched for age and gender as shown in Table 2.
3.1.1. Primary outcomes
3.1.1.1. Comparison of arm position accuracy between CRPS and
healthy volunteer groups. The error between the target clock position and the actual position in both experimental conditions combined was signiﬁcantly greater in the CRPS group than the control
group (Table 3). Therefore, the CRPS group was signiﬁcantly less
accurate in positioning of the affected limb only (p < 0.001), and
both limbs combined than the control group (p < 0.001).
3.1.1.2. Comparison between affected and unaffected arm position
accuracy. Within the CRPS group, no signiﬁcant statistical difference in overall limb position accuracy (i.e. combined experimental
condition data) between the affected and non-affected arms was
found (Table 4).

Fig. 1. Ariel photograph of female participant with right arm CRPS undertaking
positioning experiment. Coloured lines depict digital measurements in degrees for
each arm position. All 36 positions are shown.

3.1.1.3. Effect of vision on affected and unaffected arm position
accuracy. Comparisons of position accuracy in the two experimental visual conditions revealed that positioning of the affected limb
was signiﬁcantly more accurate when the limb was viewed compared to when it was not. Limb position accuracy of the unaffected
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Table 1
CRPS participant characteristics. F, female; M, male; I, CRPS type I; II, CRPS type II; STI, soft tissue injury; F, fracture; PS, post surgery; RTA, road trafﬁc accident; U, unknown; L,
left; R, right; Dur. (years), symptom duration in years since inciting incident. Subjective rating of current pain intensity on a 0–10 scale where 0 = no pain, 10 = pain as bad as you
can imagine.
Age (years)/ CRPS
Reported inciting Affected
Dur.
Reported
gender
sub-type incident
upper limb (years) medications

Subjective rating Allodynia
Motor
of current pain
and/or
deﬁcits
intensity
hyperalgesia

63/F
53/F
26/F
40/M
45/M
41/F
49/F
59/M
55/F
22/F
37/F

I
I
I
II
I
I
I
I
II
I
I

7
7
6
7
2
4
6
9
7
7
8

46/F
49/M
48/F
56/F
40/M
51/F
39/F
46/F
35/F

I
I
I
II
I
I
I
II
I

STI
F
STI
F
U
STI
Repetitive strain
PS
Head injury
STI
Pain developed
on lifting
Infection
F
U
PS
RTA
STI
F
U
U

L
R
R
R
R
R
R
R
L
R
R

10
1.25
8
3.8
4.6
8
9
12
12
11
4

Baclofen, paracetamol
Fluoxetine
Diclofenac
Fentanyl patches
Meloxicam, nortriptyline
Tramadol, paracetamol, diazepam, ibuprofen
Paracetamol
Di-hydrocodeine
Pregabalin, tramadol
Gabapentin, diclofenac,
Co-codamol

L
R
R
L
L
R
L
R
L

1.5
2
5
2
4
1
4
3.5
0.3

None reported
3
Gabapentin, amitriptyline co-codamol
7
Amitriptyline
7
Nortriptyline, diazepam, ibuprofen, paracetamol, codeine 10
Amitriptyline
6
Amitriptyline
10
Amitriptyline, celecoxib
4
Fentanyl patches, morphine, paracetamol
8
None reported
7

arm between ‘in view’ and ‘not in view’ conditions was not significant (Table 5).
3.1.2. Secondary outcomes
3.1.2.1. Brief Pain Inventory (BPI) results. The CRPS group had moderate pain intensity and pain interference as measured by the BPI
(Table 6).
3.1.2.2. General awareness of limb position. Sixty percent (n = 12) of
those with CRPS reported some difﬁculty in general awareness of
the position of their affected limb. Of these, six commented that
they had to look at their affected limb in order to know where it
was. Some stated that pain gave them an increased awareness of
the limb but that this did not aid a sense of position. The control
group reported no difﬁculty in limb position awareness.
When comparing subjective reports and arm position accuracy
within the CRPS group, no signiﬁcant difference between the two
variables was found (Table 7). Therefore, there was no association
between subjective reports of limb position awareness and limb
position accuracy.
3.1.2.3. Mental representation of upper limbs. Within the CRPS group
95% (n = 19) depicted a presence of one or more distortion such as
Table 2
Characteristics of groups.
Characteristics

CRPS

Healthy volunteers

Number in group

20

20

Gender
Female
Male

n = 15 (75%)
n = 5 (25%)

n = 12 (60%)
n = 8 (40%)

Age in years
Mean (SD)
Age range

45 years (10.4)
22–60 years

40.5 years (10.7)
25–57 years

Type I = 16 (80%)
Type II = 4 (20%)

N/A

5.3 years (3.8)
0.3–12 years

N/A

Diagnostic classiﬁcation
Disease duration since onset
Mean (SD)
Range

U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U

U
U
U
U
U
U
U
U
U
U
U
U

U
U
U
U

a misshapen digit, an enlarged section of arm or were unable to
visualise an anatomical part of the limb. Fifteen percent (n = 3) portrayed a severe distortion in mental representation where two or
more segments of the limb were missing. Fig. 2 illustrates an
example of a severe mental representation as described by a 48year-old female with right arm CRPS Type I of ﬁve year duration.
Two participants portrayed distortions in the mental representation of the unaffected arm. One participant with CRPS described
no distortions in the mental representation of both upper limbs.
The healthy volunteer group expressed no distortion in mental
representation.
As data showed the presence of mental image distortions
amongst those with CRPS, it was important to establish whether
there was a direct relationship between the level of affected limb
position accuracy and the extent of mental representation distortions by stratifying these aspects (Table 8). From this exploratory
data, no association was found between the degree of positioning
accuracy and the extent of distortion within the CRPS group.
In summary, those with CRPS were signiﬁcantly less accurate in
the positioning of both the affected and unaffected limbs when
compared to healthy volunteers. Furthermore, they were signiﬁcantly more accurate in positioning when their affected arm was
in view compared to when it was not. Viewing the unaffected
arm had no effect on position accuracy. Many had difﬁculty in
general awareness of the position of their affected limb, although

Table 3
Comparison of CRPS and healthy volunteer groups.
Healthy
volunteers
n = 20
Position error
Median (IQR)
6.5° (4–13.58°)

*

CRPS
n = 20

Non-parametric test of
signiﬁcance

Position error
Median (IQR)

p value
Mann–Whitney U value

Affected arm
9.5° (5.75–13.6°)
Both arms
combined
9° (5.7–13.3°)

p < 0.001*
U = 9831.5
p < 0.001*
U = 22053.5

Signiﬁcant (a 6 0.008).
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Table 4
Comparison of accuracy between the affected and unaffected arms within the CRPS
group.
CRPS group
Category of arm

Affected arm
Unaffected arm

Position error
Median (IQR)

9.5° (5.75–13.6°)
8.7° (5.3–13.3°)

Non-parametric test
of signiﬁcance
p value
Mann–Whitney U value
p = 0.574
U = 6595.5

there was no association between that and limb position accuracy
performance. The majority of those with CRPS depicted distortions
in the mental representation of the affected limb and in some cases
the unaffected limb.
4. Discussion
This study has conﬁrmed the hypothesis that those with upper
limb CRPS have impaired limb positioning performance compared
to healthy volunteers. Experimental data corroborate previous patient reports of a difﬁculty in affected limb position sense [27].
Findings revealed further important differences. These are discussed in the context of current scientiﬁc understanding and subsequent implications to clinical practice.
4.1. Bilateral impairment in a unilateral condition
One may have expected that poor limb position accuracy would
occur only in the CRPS affected limb. Pathophysiological features
such as pain, vaso- and sudomotor changes, biomechanical restrictions due to muscle weakness and peripheral alterations in nociceptive processing could provide a plausible causative
explanation. Yet, both the affected and unaffected limbs were
found to be impaired in position accuracy, so alternative explanations are sought.
Perhaps these inaccuracies are a consequence of CRPS spreading
into the unaffected limb such that early sub-clinical symptoms
within this arm were responsible [36,46]. Although a reasonable
explanation, in other studies only 4% [36] to 10% [46] of cases were
found where spreading of symptomology into another limb occurred. Therefore, such an uncommon incidence is unlikely to account for the signiﬁcant unaffected limb inaccuracy within this
CRPS study sample.
It would be reasonable to suggest that medication and/or pain
inﬂuenced cognitive aspects of limb positioning performance
would account for bilateral impairment. Yet, this does not explain
the signiﬁcant improvement that seeing the arm had on the affected side alone.
Perhaps a disruption in central processing is responsible. Growing evidence of alterations in the unaffected limb within the CRPS

Table 6
CRPS group results of The Brief Pain Inventory.
Brief Pain Inventory-Short form
(rated on a scale of 0–10 higher scores denote more pain)
Category

Median (IQR)

Pain intensity
Pain interference

6.5 (5.4–7.7)
6.3 (5–8.2)

literature supports this view. Ribbers et al. [35] found that those
with left hand CRPS also had motor impairments such as deﬁcits
in the execution of movements of the unaffected right hand. CRPS
allodynic symptoms have been generated on the unstimulated affected side when only the unaffected side was touched whilst
using a mirror to create a visual illusion [2].
Taken together, these ﬁndings illustrate a variety of abnormal
features that occur in a part of the body with no known CRPS
pathology providing strong evidence that central mechanisms play
a key role.
4.2. Upper limb position accuracy and vision
Findings revealed that affected limb position performance was
signiﬁcantly improved by viewing that arm. This experimental
ﬁnding was borne out by participant reports of typically being reliant on visual cues to locate the affected limb and highlights the
important role that vision plays in enhancing limb position accuracy. Given that vision made no difference in unaffected limb accuracy suggests that there is greater reliance on visual input to
position the affected side. Vision potentially plays a vital role in
frequently updating the central representation of the affected limb
to ascertain where it is in space [16]. Conceivably, body schema
representation of the affected limb position is more transitory than
that of the unaffected limb.
4.3. Upper limb position and mental representation of the limb
A distorted mental representation of the affected limb was presented by all but one within the CRPS group thus conﬁrming previous reports of perceived distortions of the affected limb
[27,31,32]. Fifteen percent of the CRPS group had such a severely
distorted mental representation that they were unable to visualise
two or more segments of their affected arm. Two participants also
depicted distortions of the unaffected side. As there was no known
CRPS pathology of the unaffected side, these distortions could possibly be explained by altered central processing within cortical
centres responsible for limb representation as demonstrated by
brain imaging studies [26,28,29,34]. It is acknowledged that this
unvalidated measure was devised speciﬁcally for this study hence
these results are exploratory.

Table 5
Comparison between affected and unaffected arm position accuracy and experimental conditions.

*

CRPS group
Experimental condition

Affected arm position errors
Median (IQR)

Unaffected arm position errors
Median (IQR)

Non-parametric test of signiﬁcance
p value
Mann–Whitney U value

In view

8.3° (5.3–12.3°)

8° (5.3–13°)

Not in view

10.7° (7.3–17°)

8.8° (6.25–14.5°)

p = 0.84
U = 1715
p = 0.24
U = 1439

p value
U value

p = 0.0185*
U = 1159.5

p = 0.317
U = 1692

Signiﬁcant (a 6 0.05).
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Table 7
Comparison between limb position accuracy and general awareness of limb position
across groups.

Table 8
Comparison between limb position accuracy and mental representations across
groups.

Awareness category

Control
Median position
error (n)

CRPS affected arm
Median position
error (n)

Rating of mental
representation

Control
Median position
error (n)

CRPS affected arm
Median position
error (n)

Aware
Difﬁculty in awareness
Non-parametric test of
signiﬁcance
Mann–Whitney

6.5° (20)
(0)
N/A

10° (8)
8.8° (12)
p = 0.26
U = 1282.5

No distortion
Distortion
Severe distortion
Non-parametric test of
signiﬁcance
Kruskal–Wallis

6.5° (20)
(0)
(0)
N/A

11.8° (1)
8.8° (16)
10.8° (3)
p = 0.224

4.4. Central mechanisms: a feasible explanation
The following ﬁndings support the view that central mechanisms contribute to limb position impairment in CRPS:
(1) Bilateral positioning impairment in a unilateral pain
condition.
(2) Vision signiﬁcantly improved the ability to position the
affected upper limb.
(3) Subjective mental images of the affected limb were
distorted.
A disrupted body schema of the affected limb, which in turn impairs the ability to accurately position the limb, might be one such
mechanism. Body perception disturbances, particularly distortions
in mental image, alongside cortical remapping in body schema
associated regions, are indicative of body schema disruption
[12,14,15,26–29,31,32,34]. Consequently, an anatomically distorted affected limb schema would provide incorrect reference
information for movement planning [33]. Hence the accuracy of
limb positioning would be impaired.
This theory does not wholly explain why performance of the
unaffected limb was also poor. Feasibly, spatial perceptual deﬁcits
exhibited by those with CRPS such that their subjective midline
shifted towards the affected side [43] may alter internal spatial
constructs for movement planning. Consequently performance
accuracy in both limbs could be affected thus accounting for bilateral discrepancies.
An alternative causative mechanism might be an overarching
disruption in the integration of multisensory and motor information about limb position within the post-parietal lobe, a region
responsible for multimodal processing [17,20,40]. Hence, limb position accuracy is affected as a consequence. Importantly, postparietal lesions typically result in spatial deﬁcits and clinical disturbances in body representation [38]. Although lesions are not
known in CRPS, evidence of abnormal neural activation within
both parietal lobes has been shown [30]. Furthermore, the degree

of motor impairment correlated with activations of the parietal
and motor cortices [30]. Our research group has found considerable deﬁcits in clinical tests associated with parietal lobe functioning in patients with CRPS [7].
Two speciﬁc mechanisms have been proposed here although altered processing at spinal and mid brain levels may also serve to
inﬂuence limb position accuracy.
Nonetheless, the contribution of pain within such a central
mechanism is believed to be inﬂuential. A correlation between
the amount of pain and degree of cortical reorganisation supports
this view [29,34]. The extent to which pain may precipitate or perpetuate impairments in limb position accuracy remains unknown.
4.5. Clinical implications
Deﬁcits in upper limb positioning have considerable relevance
to daily functioning. For instance, inaccuracies could cause reaching and grasping misjudgements possibly resulting in accidents
and injury. Objectively assessing patient’s limb positioning ability
within clinical practice is vital. Given that vision enhances positioning accuracy, treatment strategies involving visually concentrating on the limb during functional activities are advised.
A study limitation was that the experimental design had not
been validated. However, alternative methods involving repeated
measurements of single joint positioning rather than the whole
limb were not functionally relevant [3,5,9,11]. Furthermore, due
to the design of the experiment, the data are only relevant to those
with upper limb CRPS. Non-group blinding of the videos during
analysis was not possible (there being many detectable characteristics of the CRPS group that could not be obscured) but is another
feasible study limitation.
In conclusion, ﬁndings have revealed that impairments in upper
limb position accuracy are evident amongst those with CRPS adding further weight to the proposal of including motor dysfunction
signs and symptoms in diagnostic criteria [23,24]. Bilateral impairment in a unilateral condition would suggest that central mechanisms might be responsible. Quite what the exact processes are
remains unclear.
Further research is required to determine the incidence of limb
positioning impairment amongst the wider CRPS and pathologic
pain populations. Studies elucidating pain mechanisms speciﬁc to
CRPS by drawing comparisons with other chronic arm pain populations and the impact of such impairments on function are also
necessary.
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