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Practice points
• Accuracy and response time for motor imagery performance is not different between complaints of arm, neck
and shoulder patients and patients without arm pain.
• Two-point discrimination measurement requires a standardized testing protocol.
• Both tactile acuity and motor imagery performance were not related to clinical factors like pain intensity and
disability.
• Tactile acuity at the painful arm is worse than tactile acuity of the nonpainful arm in patients with CANS.
• In addition to earlier findings on two-point discrimination in other pain states, the decreased tactile acuity in
complaints of arm, neck and shoulder patient suggests a disruption of sensory feedback in chronic pain in
general.

Aim: This study aims to gain more knowledge of the sensorimotor incongruence in patients with chronic
nonspecific complaints of arm, neck and shoulder. Method: Seven patients and seven healthy controls
performed a left/right judgment task, and tactile acuity was assessed by the two-point discrimination
threshold at fingers and shoulders. Results & conclusion: The results suggest a decreased tactile acuity in
patients with chronic nonspecific complaints of arm, neck and shoulder and a faster reaction time at the
painful arm, which might imply disturbed information processing of sensory and motor feedback. Due to
the small sample size and low scores on the pain and disability questionnaires, these conclusions should
be interpreted with care. Further research is recommended.
First draft submitted: 8 December 2017; Accepted for publication: 26 April 2018; Published online:
1 June 2018
Keywords • CANS • chronic pain • complaints of arm, neck and shoulder • motor imagery • sensorimotor

incongruence • tactile acuity

Complaints of arm, neck and shoulder (CANS) include several conditions in which pain of the upper limb is
involved. CANS is defined as: “Complaints of arm, neck and shoulder are musculoskeletal complaints of arm, neck
and shoulder which are not caused by acute trauma or by any systemic disease” [1]. Etiology of CANS includes several
factors within the biopsychosocial model. Physical factors, such as repetitive strain, as well as the psychosocial factors
like stress or fear of movement, contribute to the development of complaints [2]. Stress, depression, fear-avoidance,
coping, pain-related fear and catastrophizing seem to counteract the recovery and are related to the persistence of
symptoms. Psychosocial factors appear to contribute even more to pain disability than biomedical or biomechanical
factors [3,4].
At this moment, complete reduction of pain and disability for CANS is hard to achieve, probably due to the
multifactorial causality. Exercise therapy is likely the best treatment option, but strong evidence is lacking [5,6].
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New insights in pain mechanism may be promising for developing more effective treatment options for CANS.
First, neuroimaging studies in patients with chronic pain have shown altered cortical activation patterns. This so
called cortical reorganization takes place in the primary somatosensory cortex that corresponds to the affected limb
or area of the body [7–11]. For example, in the complex regional pain syndrome (CRPS) and chronic low back
pain, this is caused by central sensitization and disinhibition of the surrounding neural network in the cortex,
which results in shrinkage or shifting of the representation of that body part in the somatosensory cortex [7,8,10–14].
These cortical changes are followed by a decreased tactile acuity – for example, the ability to discriminate between
two tactile stimuli [15,16] and pain score [10]. The evidence that tactile acuity is altered in patients with several
pain syndromes, like CRPS [9,10,15], osteoarthritis (OA) [17] and chronic low back pain [18–20], is growing (see
Catley et al. [21] for a review).
Training the ability to discriminate between two tactile stimuli provides promising results in the treatment of
CRPS [10,22,23]. It also leads to a regain of cortical map size in the somatosensory cortex and less disability [13,24].
Second, the sensorimotor incongruence – that is, the conflict between the expected input of bodily sensations and
the real sensory feedback the body receives from movement, may play a role in pain. In order to perform a movement
adequately, the brain primarily makes an estimation of its sensory results, which is evaluated when the movement
is executed, based on sensory feedback via the cortical maps [24,25]. Changes in these cortical sensorimotor maps
due to reorganization may provoke an incongruence between predicted and actual sensory feedback, corrupted
motor output and lead to pain and other sensory disturbances (determine position of the limb, feelings of distorted
shape) [15,18].
So, the sensorimotor incongruence involves both movement intention and sensory feedback, and relies on the
spatial awareness of the body – for example, the awareness of the body’s position in space. This so called body
schema is an online representation of one’s peripersonal space which integrates different types of input, such as
visual, proprioceptive and tactile input and interacts with motor systems – that is, in guiding of movements [22,26,27].
One way to evaluate the working body schema is by measuring the motor imagery performance (MIP) by
performing a left/right judgment task in which pictures of, for instance, hands are displayed in several positions
and one has to judge whether a left or a right hand is shown. The process of performing such a task involves three
steps of implicit imagined movement. First, a spontaneous interpretation is made. Second, the person mentally
maneuvers his own limb until the displayed position is imitated, and eventually this position is being verified.
When the primarily response is wrong, the whole process starts again [28]. Several recent studies have shown an
impaired MIP of the affected limb in different chronic pain states, like CRPS [29,30], carpal tunnel syndrome [31]
and OA [32]. Training MIP is part of the graded motor imagery program that shows positive results regarding pain
in patients with CRPS [33,34].
Whether MIP and tactile acuity are also disrupted in patients with CANS, and whether these disruptions are
associated with higher pain and disability is unknown. Yet understanding whether and how these ‘mechanisms’ are
involved, enables us to develop more effective treatment programs for these patients. Moreover, knowledge about
MIP and TA in CANS patients might also lead to a better understanding of chronic pain in general.
We hypothesized that in patients with CANS, the motor imagery task was performed less accurate and slower
at the hand and shoulder of the painful limb when compared with the hand and shoulder of the corresponding
limb in healthy controls and to their own healthy side. For two-point discrimination (TPD), we hypothesized a
lower accuracy at the painful side when compared with that side in healthy controls. We also hypothesized that in
CANS patients, the TPD threshold is higher at the index finger, shoulder and most painful site at the painful arm
compared with the nonpainful arm.
Methods
Participants

From October 2014 until November 2015, patients with nonspecific CANS were recruited from the department of
rehabilitation of Maastricht University Medical Centre (MUMC) and the Handencentrum Utrecht, The Netherlands, for participation in this study. Patients with unilateral nonspecific CANS [1], symptom duration longer
than 3 months, limitations in daily life functioning due to CANS and 18 years or older were included. Patients
with specific causes (trauma, severe facet joint arthrosis of the cervical spine or systematic diseases – for example,
rheumatoid arthritis or OA, Raynaud disease) of upper limb pain, neurological symptoms (limb weakness, sensory
loss, isolated atrophy), frozen shoulder, local pain accompanied by swelling and redness, trigger finger with local
pain and/or carpal tunnel syndrome were excluded.
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Instructions

Figure 1.

Trial run 1
40x hands

Trial run 2
40x shoulders

Test run 1
a. 40x hands
b. 40x hands

Test run 2
a. 40x shoulders
b. 40x shoulders

Overview of test order.

Healthy controls were recruited by an advertising poster at Maastricht University. Controls were included if no
complaints of the upper limbs were present at the moment of assessment. Complaints in the past were documented.
The attending physiatrist recruited patients who were treated for CANS at the Handencentrum or at the
department of rehabilitation medicine at MUMC. Patients who received treatment in the past 5 years at the
latter department were invited for participation by letter. Patients who still suffered from CANS were asked to
participate. The MUMC ethics committee approved the study (14–4–135). All participants gave their written
consent to participate in this study.
Measurements

All measurements were performed during a single assessment at the MUMC or at the Handencentrum Utrecht.
Questionnaires
Participants filled in a questionnaire about sociodemographic information and their complaints, which included
gender, age, height, weight, hand dominance and side, location and duration of complaints.
Current pain and average pain intensity during the last 48 h were measured by the visual analog scale (range
0–100 mm with 0 = no pain and 100 = worst pain imaginable) [35], which is a valid instrument for pain
measurement [36]. Disabilities due to complaints of the upper limb were assessed by the Dutch Disabilities of the
Arm, Shoulder and Hand questionnaire (DASH-DLV, 30 items with a score range 1–5 per item with 1 = no
difficulty and 5 = unable), a valid instrument for assessing disability of the upper limb [37,38].
Motor imagery performance
To measure MIP, the Recognize™ program (obtained online from www.noigroup.com/recognise) was used. In this
computer program, the participant is asked to judge the laterality of the shown picture of a hand or shoulder,
which are shown in different positions. The participant received instructions to respond as accurately and as
quickly as possible, by pressing the corresponding arrow keys on the keyboard – for example, when he thought
a right hand/shoulder was shown, he had to strike the right arrow key. Each picture was shown for 5 s or until
the participant responded. If response extended 5 s, the next picture was shown and the response was counted as
a failure. Patients conducted two practice runs to make sure that the results could not be attributed to learning
effects [39]. See Figure 1 for a flow diagram. The average scores of accuracy and recognition time of two runs
were used as outcome measures. In between test runs there was a 2 min break [40]. Furthermore, participants were
instructed not to move their upper limbs, to make sure the imagined movement was measured. The ‘vanilla’ setting
for difficulty was used. Furthermore the recognition test for the neck was not used as they were not available and
because only patients with unilateral complaints of the arm/shoulder were included.
Two-point discrimination
To measure tactile acuity, the TPD threshold was determined by using a mechanical caliper (baseline aesthesiometer)
with a precision of 1 mm and a range from 2 to 103 mm. TPD measurement was performed following the procedure
(staircase method) described by Moberg [41]. As pain was nonspecific, not restricted to a specific (dermatomal)
distribution, the TPD in the painful region was measured in a transverse direction, (adapted to the pain area) at
both arms at the lateral shoulder near the glenohumeral joint (mid axillary line) and at the palmar side of the end
phalanx of the index finger.
In patients, TPD was also measured at the most painful region and the same region at the nonpainful arm. To
identify this region, patients were asked to point out the most painful area.

future science group

10.2217/pmt-2017-0070

Research Article
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At each site, measuring started with one point (e.g., 0 mm distance). The distance between the two points
gradually increased until the participant felt two different points. From this point on, five ascending and five
descending runs were executed with steps of 1 mm increase and decrease respectively, to determine the exact TPD
threshold. The participant was instructed to say ‘one’ if he felt one point, ‘two’ if he felt two points and ‘not sure’
(forced choice method) if he was in doubt. Seven correct answers out of ten were accepted as valid for determination
of the threshold [41]. The caliper was gently applied with little pressure until surrounding skin started to blanch [41].
Interstimulus interval was a minimum of 5 s. During the test, the participant was instructed to close his eyes and
not move his limbs [42]. TPD thresholds of the index fingers were measured first, followed by the shoulders and
the most painful region. To avoid interobserver bias, all measurements were performed by one researcher. The
researcher was blinded by asking the patient not to reveal the side and site of complaints until the most painful site
had to be tested.
Statistical analysis

SPSS 23.0 was used for statistical analysis. Because of the small sample size, nonparametric statistics were used. The
demographic characteristics of participants were calculated as medians and quartiles.
To detect differences in the MIP task and tactile acuity between patients and controls, MIP scores and TPD
thresholds were compared between patients and controls. As all patients reported pain in the right arm, the results
of the right arm (i.e., hand and shoulder for MIP, and finger index/shoulder for TPD threshold) of this group were
compared with the results of the right arm of the controls, respectively. Likewise, the results of the left arm were
compared between both groups. For MIP, both accuracy (percentage of correct answers) and speed data (recognition
time) for the hand and shoulder were used for analysis. To detect these between group differences Mann–Whitney
U tests were used.
To detect differences between the painful and nonpainful arm, data of the patients were used only. For TPD,
results of the shoulder, index finger and most painful region according to the patient were compared between
painful and nonpainful side in CANS patients. For MIP, results of the shoulder and hand were compared likewise.
To detect these within-group differences, Wilcoxon signed-rank tests were performed.
Correlations between both TPD and MIP (accuracy and reaction time) of the affected shoulder and index
finger/hand, pain intensity (both current pain and average pain scores) and disability were calculated for the CANS
group with Spearman’s correlation coefficients.
For calculating the influence of age on tactile acuity, Spearman’s correlation coefficients with data of the rightsided index finger of healthy subjects were used, after controlling for right- and left-sided differences by Wilcoxon
signed-rank test.
Results
A total of 49 patients were approached for participation, of which 10 were screened for participation. Of these
patients, three were recruited by letter and seven by admission through the out-patient clinic. Two patients were
excluded during the screening; one person had complaints since only 1 month and the other was diagnosed with
Lyme’s disease. So in total, eight patients with nonspecific CANS were measured. However, as one patient seemed
to have complaints at both arms during measurement, meaning there was no ‘healthy’ side, this patient was also
excluded. The control group consisted of seven participants. All the patients had right-sided complaints, so all
the data concerning the affected limb could be compared with the data from the right arms from the healthy
participants. All participants in the control group were right handed. In the patient group, six patients were right
handed and one patient was left handed.
Demographic data of the included participants are summarized in Table 1. Patients were statistically significant
older than controls.
Motor imagery performance

There was no difference in accuracy between people with CANS and the control group at the affected arm (hand:
[Z = -1,132; p = 0.258], shoulder: [Z = -0.860; p = 0.390]) and the nonaffected arm (hand [Z = -0.259; p = 0.795],
shoulder [Z = -1.1510; p = 0.131]); neither did recognition time differ between patients with CANS and healthy
controls, measured at the affected arm (hand [Z = -0.128; p = 0.898], shoulder [Z = -0.384; p = 0.701]) and
nonaffected arm (hand [Z = 0.000; p = 1.00], shoulder [Z = -0.385; p = 0.701]). Table 2 within-patient analysis
showed no differences in accuracy between the painful and nonpainful arm, but a significant difference was found

10.2217/pmt-2017-0070

Pain Manag. (Epub ahead of print)

future science group

Motor imagery performance & tactile acuity in chronic pain

Research Article

Table 1. Participant demographics.
Variables

CANS
(n = 7)

Controls
(n = 7)

Significance

Age (years)

43.0 (39.0–50.0)

26.0 (24.0–27.0)

p = 0.017

Gender (n):
– Male
– Female

3
4

1
6

Hand dominance (n):
– Left hand
– Right hand

1
6

0
7

BMI (kg/m2 )

22.9 (22.5–24.1)

21.8 (19.6–23.9)

Most painful region (n):
– Right
– Hand
– Shoulder
– Neck
– Lower arm

9†
3
4
1
1

Pain region per patient:
– P1
– P2
– P3
– P4
– P5
– P6
– P7

E, W
S, E, W, H
N, S
L, H
N, S
S
H, W

Duration of pain episode (years)

5.0 (4.0–15.0)

NA

NA

intensity‡

Pain
– Current
– Average (⬍48 h)

16.0 (6.0–35.0)
29.0 (20.0–61.8)

Disability§

12.5 (6.7–40.2)

NA

NA

All values are median (quartiles).
†
Two patients reported more than one region as the most painful.
‡ Pain intensity measured on a 0–100 mm visual analog scale.
§ Disability measured by Disabilities of Arm, Shoulder and Hand questionnaire.
CANS: Complaints of arm, neck and shoulder; E: Elbow; H: Hand; L: Lower arm; n: Number of participant; N: Neck; NA: Not applicable; S: Shoulder; W: Wrist.

Table 2. Data of tactile acuity and motor imagery performance in patients and healthy controls.
Variables

CANS affected side

Control group matched to
affected side

CANS unaffected side

Control group matched to
unaffected side

Hands

95.00 (87.50–95.00)

87.50 (75.00–95.00)

95.00 (77.50–100.00)

95.00 (80.00–97.50)

Shoulders

97.50 (92.50–100.00)

97.50 (92.50–97.50)

100.00 (97.50–100.00)

95.00 (95.00–100.00)

Hands

1.75 (1.45–42.45)

1.90 (1.25–22.20)

1.75 (1.40–42.50)

2.05 (1.30–32.35)

Shoulders

1.40 (1.30–31.60)

1.25 (1.10–11.75)

1.50 (1.35–31.75)

1.50 (1.15–11.75)

Index finger

4.00 (4.00–04.00)

3.00 (2.00–03.00)

3.00 (3.00–04.00)

2.00 (2.00–03.00)

Shoulder

48.00 (46.00–56.40)

33.00 (30.00–37.00)

42.00 (39.00–56.40)

35.00 (29.00–35.00)

Recognition accuracy in %

Recognition time in seconds

TPD threshold in mm

Data are presented in median (quartiles) scores.
CANS: Complaints of arm, neck and shoulder; TPD: Two-point discrimination.

in recognition time, whereas pictures of shoulders of the painful side were recognized significantly faster (Z =
-2.032; p = 0.042).
MIP versus pain
No significant correlation between accuracy or recognition time of the shoulder, hand and current pain and average
pain were found (Table 3).
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Table 3. Spearman’s rho correlation coefficients for motor imagery performance (accuracy and reaction time) versus
current pain, average pain and disability.
Variables

Accuracy

Recognition time

Hand

Shoulder

Hand

Current pain

-0.259 (0.574)

-0.599 (0.155)

0.643 (0.119)

Shoulder
0.198 (0.670)

Average pain (⬍48 h)

0.259 (0.574)

-0.299 (0.514)

0.036 (0.939)

0.144 (0.758)

Disability

-0.259 (0.574)

-0.898 (0.006)

0.571(0.180)

0.613 (0.144)

Data are presented as correlation coefficient (p-value). There is a significant negative correlation between disability and accuracy at the shoulder.

MIP versus disability
At the shoulder, but not for the hand, a significant negative correlation was found between MIP and disability.
This means that a higher disability was related to lower accuracy. The correlation between recognition time and
disability was not significant for both hand and shoulder (Table 3).
Tactile acuity

A significant difference between TPD in CANS patients and the control group at both regions, measured at the
affected side, was found. CANS patients had higher TPD thresholds (index finger: Z = -2.539; p = 0.010, shoulder:
Z = 3.023; p = 0.003). At the unaffected side, TPD thresholds in CANS patients were also significantly higher at
both regions (index finger: Z = -2.225; p = 0.038, shoulder: Z = -3.148; p = 0.001) (Table 2).
Within-patient analysis showed higher TPD thresholds at the painful arm, with a statistically higher TPD at the
index finger (Z = -2.121; p = 0.034). TPD threshold at the shoulder was also higher, but not statistically significant
(Z = -1.625; p = 0.104).
A total of nine regions were pointed out as being the most painful regions (Table 1), meaning that some patients
pointed out more than one region as being the most painful. A significantly higher TPD threshold was found
for the painful regions at the painful arm (Z = -2.035; p = 0.042) when compared with the same regions of the
nonpainful arm.
TPD versus pain
For both current and average pain, no significant correlations with TPD threshold were found at the index finger
and shoulder (current [ρ = -0.267; p = 0.57], <48 h [ρ = 0.267; p = 0.57]) and shoulder (current [ρ = 0.000;
p = 1.000], <48 h [ρ = 0.418; p = 0.35]).
TPD versus disability
No significant correlation was found between disability and TPD threshold at the index finger (ρ = 0.267; p = 0.57)
nor shoulder (ρ = 0.109; p = 0.82).
Discussion
This was the first time MIP and tactile acuity were measured in CANS patients.
Outcomes of MIP were divided into accuracy and recognition time, both reflecting a different process of the
task, with accuracy reflecting the working body schema and recognition time reflecting the information processing
or initial estimation. In this study, accuracy did not differ between patients with nonspecific CANS and healthy
controls. Also, accuracy was equal between the painful and nonpainful arm in CANS patients. This is in contrast to
previous studies on MIP in other chronic pain conditions, in which a decreased accuracy was found at the painful
region [29,31–33].
These conflicting results might be due to differences in the test protocols used (trial run, amount of pictures
used and difficulty of pictures) to measure MIP (i.e., accuracy). In the present study, measurement was preceded
by a trial run of 80 pictures to exclude a learning effect [39]. Other studies did not implement a trial run or used less
pictures in the trial run, which means the learning effect might have been present during testing. Also the amount
of pictures used differed in all previous studies and was lower than in the present study. This again might have
resulted in a learning effect, leading to the potentially incorrect conclusion that patients have a lower accuracy at
their affected limb.
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Another difference in the test protocol might be the level of difficulty. However, the pictures used in other
studies seem quite similar to the pictures used by the Recognize when for instance rotation angles are compared.
Stanton et al. [32] used the exact same difficulty level of the Recognize program and did find an impaired accuracy
in patients with knee OA and patients with upper limb pain. However, they did not control for possible learning
effects.
Also no difference in recognition time was found between CANS patients and the controls, however within
patient analysis showed that pictures of shoulders of the painful limb were recognized faster than pictures of the
nonpainful shoulder. This finding is not congruent with one of our hypotheses and might reflect a disruption of
information processing with a bias toward the painful side as described by Hudson et al. [43]. They hypothesized
that due to this bias to the affected side, a person interprets a picture of the unaffected side wrong, which needs
to be corrected and therefore takes more time. To confirm this information biasing, one would expect to find
this slower reaction time for pictures showing shoulders as well as hands of the unaffected limb. Additionally, no
significant correlation was found with recognition time and level of pain intensity, which is contrary to this theory
of biased information processing. However, this nonsignificant correlation might also be attributed to the relative
low number of participants with CANS.
Finding no significant correlation between pain intensity and MIP (accuracy and recognition time) might also
be due to the severity of complaints of our patient group. Most patients were recruited during or after treatment
and had relatively low pain scores. Only three patients reported moderate pain during the last 48 h (>49 mm on
visual analog scale [36]) and only one patient reported moderate current pain. However, we did find that a lower
accuracy at the shoulder was significantly correlated with higher disability scores. This was not found for the hand.
A plausible explanation for this finding would be highly suggestive, given the rather low number of participants,
and more research to replicate or refute this finding is necessary.
Tactile acuity appeared to be decreased in patients with CANS. In fact, TPD thresholds were significantly larger
in patients with CANS when compared with controls for all tested areas of both the painful and nonpainful arm.
Furthermore, tactile acuity at the most painful region as well as in other regions of the painful arm was worse
compared with the nonpainful arm in CANS patients, suggesting a disrupted information processing at the painful
limb. This is the first time these findings are described for CANS, and they confirm earlier literature about disturbed
tactile acuity in other chronic pain states [9,10,15,17–21].
In this study, correlations between pain and tactile acuity were all nonsignificant, but this can be due to the small
study sample and rather low pain severity. So whether, and how pain and tactile acuity are related in CANS patients
remains unclear.
Our patients rated pain intensity probably on the basis of the most painful site, which in several patients did not
reflect the pain experienced at the hand or shoulder, where TPD was measured. Yet for analyzing the correlation
between pain intensity and TPD threshold, the TPD thresholds of the shoulder and index finger of all patients
were used. It would definitely be useful to calculate this correlation between TPD at the painful site, however as all
regions have different TPD values due to a proximal-distal gradient in receptive fields [44], but our sample was far
too small to do this additional analysis.
TPD and disability were not significantly correlated. This might be explained by the relatively low disability scores,
with only two patients scoring higher than the normative value on the DASH [45] (http://www.dash.iwh.on.ca/).
Also we only used self-reported disability, which might not reflect real daily activity levels.
It is known that tactile acuity decreases with age [46]. Our control group was significantly younger. However post
hoc analysis, using Spearman rho’s correlation coefficients, showed that there was no influence of age on MIP and
TPD.
Study limitations & implications for further research

The main limitation of this study is the small sample size. While inclusion of patients went laboriously, controls
were already recruited and thereby matching to age and gender was not possible. Additionally, included patients had
no severe complaints. Probably because they were recruited during or after treatment, resulting in rather low pain
intensity and disability scores. The results presented in this report should therefore be interpreted with care. We also
compared only the data form the right arm, which was the dominant arm for all controls and patients (except for
one). We tested whether there was a difference for TPD between left and right side, however Wilcoxon signed-rank
tests showed no significant difference (p = 0.1). Therefore we assume no different findings when comparing the left
arm and hand.
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Although a standard assessment protocol was used to perform the TPD measurement correctly, it appeared to
be difficult to apply both stimuli at exactly the same time and with equal pressure at repetition, which was also
affected by body shape or contour of shoulder or arm. Differences or asymmetry in body regions influence TPD
measures [47]. As no data were collected on anthropometric characteristics, we could not rule out any bias of TPD
score by differences in body shape or contour. Additionally, the chosen method to measure TPD appears to be a
difficult task for patients. The assessment was time-consuming and demanded continuous concentration. People
might tend to be confused because of uncertainty of the repeated stimuli and ratings (one, two or ?). So it is not
unlikely that patients got tired or distracted. The importance of factors such as fatigue, cooperation, concentration
and force stimuli is documented [48–50]. To minimize the chance of tiring or distraction, patients were offered a
short break after completing a skin region. However both factors could have influenced the results.
Conclusion
The aim of this present study was to gain more knowledge about the sensorimotor incongruence by measuring
MIP and tactile acuity in patients with CANS. For MIP (accuracy and recognition time), no differences were found
between patients and controls. In CANS patients, the recognition time of shoulder pictures was shorter at the
painful side, implying an information processing bias toward the painful side. However, this was not found for the
hand. Tactile acuity was decreased in patients with CANS at the hand and shoulder of the painful and nonpainful
arm, with tactile acuity being worse at the painful arm, suggesting that in CANS patient, the spatially sensory
feedback is disrupted. However, these findings did not significantly correlate with pain intensity and disability, so
it is unclear what this finding means for clinical application/reasoning.
Because of the study limitations, no firm conclusions can be drawn. Further research, with a bigger sample, is
therefore needed. To ensure sufficient reliability in future research, we highly recommend standardization of the
protocol and training.
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