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A B S T R A C T   

Objective: Impaired left/right discrimination of an affected body part has been observed in various chronic pain 
states. This study aimed to examine whether people with unilateral chronic Achilles tendinopathy also present 
with impaired left/right discrimination. 
Design: Cross-sectional study. 
Methods: Nineteen runners with persistent unilateral Achilles tendinopathy and 19 matched healthy volunteers 
performed a left/right discrimination task in a laboratory setting. Participants were shown pictures of feet, hands 
and Shepard-Metzler figures and were asked to decide as accurately and as fast as possible whether the body part 
belonged to the left or right side of the body, or whether the Shepard-Metzler figures were rotated or mirrored. 
Performance was evaluated in terms of accuracy and response time. Data were analysed with mixed-design 
ANOVAs. 
Results: The decline in left/right discrimination ability at group level, if present, between affected and unaffected 
side, or compared to healthy participants, was negligible for both accuracy (<1.5%) and response time (<50 ms). 
There was no significant effect of side (affected versus unaffected side) or group (people with Achilles tendin-
opathy versus healthy) for accuracy (p > 0.36) or response time (p > 0.69). 
Conclusions: People with Achilles tendinopathy recognised the affected side as accurately and as fast as the non- 
affected side and their performance was comparable to healthy participants. The absence of impaired left/right 
discrimination despite the chronicity of the condition may be attributable to the typical intermittent nature of 
Achilles tendinopathy pain and/or maintained sports activity.   

1. Introduction 

Maladaptive neuroplastic changes that occur in response to injury 
and that may be beneficial in the short term may contribute to the 
persistence of pain in the long term (Moseley and Flor, 2012; Wand 
et al., 2011). The disruption of body representations (the neural repre-
sentations of the body) at a cortical level is thought to reflect a mal-
adaptive neural change that may be either a cause or an epiphenomenon 
of ongoing pain (Bray and Moseley, 2011; Vartiainen et al., 2009) and 
this process may be influenced by a broad range of factors. Cortical 
reorganisation of sensorimotor areas has been revealed in people with 
complex regional pain syndrome (Di Pietro et al., 2013; Pleger et al., 
2006), phantom limb pain (MacIver et al., 2008), spinal cord injury 
(Jutzeler et al., 2015), chronic low back pain (Tsao et al., 2011; Wand 

et al., 2011), and carpal tunnel syndrome (Maeda et al., 2014). 
A suggested paradigm to evaluate the integrity of somatosensory 

cortical representations is motor imagery, specifically via a left/right 
discrimination task (Parsons, 2001; Schwoebel and Coslett, 2005). Lat-
erality judgment or left/right recognition are other terms to refer to the 
same concept (Nico et al., 2004; Schmid and Coppieters, 2012). This task 
examines a person’s ability to recognise whether a presented image of a 
body part belongs to the left or the right side of the body. Changes in 
left/right discrimination ability have been reported in various chronic 
pain states, such as phantom limb pain (Nico et al., 2004; Reinersmann 
et al., 2010), low back pain (Bowering et al., 2014; Bray and Moseley, 
2011), carpal tunnel syndrome (Schmid and Coppieters, 2012), knee 
osteoarthritis (Stanton et al., 2012) and complex regional pain syn-
drome (Moseley, 2004; Reinersmann et al., 2010). Abnormally long 
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response times are thought to reflect delayed processing of body/spatial 
representations, and poor accuracy is thought to reflect disrupted 
cortical proprioceptive representations or body schema (Breckenridge 
et al., 2019). The findings have been summarised in a recent systematic 
review (Breckenridge et al., 2019). 

Research into central nervous system changes and altered pain pro-
cessing is gaining interest in recent years in patients with upper and 
lower limb tendinopathies (Heales et al., 2014; Plinsinga et al. 2015, 
2018; Rio et al., 2016; Tompra et al., 2016; Vallance et al., 2021). 
Originating from the ambiguous relationship between tendon integrity 
and symptomatology, emphasis has been placed on deciphering the 
multifactorial nature of tendon pain. Two recent systematic reviews 
provided evidence for the presence of central components in tendino-
pathies (Heales et al., 2014; Plinsinga et al., 2015). Sensory deficits have 
been documented at sites remote to the affected tendon in people with 
lateral epicondylalgia and shoulder impingement syndrome (Heales 
et al., 2014; Plinsinga et al., 2015) and bilateral motor deficits have been 
reported in people with unilateral lateral epicondylalgia (Heales et al., 
2014). People with unilateral Achilles tendinopathy demonstrate a 
reduced conditioned pain modulation effect (Tompra et al., 2016; Val-
lance et al., 2021) and hyperalgesia on the contralateral (unaffected) 
side (Vallance et al., 2021), which are believed to be a manifestation of 
altered central pain processing. Furthermore, changes in corticospinal 
excitability have been shown in people with rotator cuff pathology 
(Ngomo et al., 2015), patellar tendinopathy (Rio et al., 2016) and lateral 
epicondylalgia (Schabrun et al., 2014). 

In summary, research has revealed that beside peripheral changes, 
central mechanisms are present in people with tendinopathy. It remains 
unclear however whether tendon pain is also associated with cortical 
reorganisation and changes in left/right discrimination as have been 
described for other chronic pain states. Therefore, this study aimed to 
investigate whether people with unilateral chronic Achilles tendinop-
athy present with impaired left/right discrimination of the affected body 
region. 

2. Methods 

2.1. Study design 

Cross-sectional study. This study is reported in line with the 
Strengthening the Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines. 

2.2. Participants 

Nineteen runners with unilateral persistent Achilles tendinopathy 
and 19 healthy runners matched for age, sex, and leg and hand domi-
nance participated in the study. The sample size could not be calculated 
a priori in a meaningful way, because there are no published data 
available on left-right discrimination in any tendon pathology to base 
our sample size estimations on. We therefore based our sample size on 
the sample sizes reported in a systematic review summarising left/right 
discrimination in a range of chronic musculoskeletal conditions 
(Breckenridge et al., 2019). The review revealed significant group dif-
ferences in left/right discrimination is studies with a sample size of n =
20, which corresponded with the median sample size of the 25 included 
studies (Breckenridge et al., 2019). Therefore, we aimed for a similar 
sample size of ~20 participants per group. 

The diagnostic criteria for Achilles tendinopathy included a charac-
teristic history of activity-related pain in the region of the Achilles 
tendon and tenderness upon Achilles tendon palpation (insertional or 
mid-portion). These symptoms had to be present unilaterally and for at 
least 3 months prior to testing. All participants had to be engaged in 
running activities. They had to perform sports (either running or a sport 
that involved running or jumping) at least at recreational level and 
minimally for one year prior to testing. Participants were included if 

they scored <90 points on the Victorian Institute of Sports Assessment – 
Achilles Questionnaire (VISA-A) (Robinson et al., 2001). All volunteers 
were required to have normal or corrected to normal vision. Participants 
were excluded if they had a history of musculoskeletal pain (besides 
Achilles tendinopathy in the experimental group) in the preceding 6 
months that lasted longer than 1 week or for which treatment was 
sought. People with systemic disorders or neurological conditions were 
excluded. 

Participants were recruited from the general community. Partici-
pants underwent a clinical examination conducted by a qualified and 
experienced physiotherapist or by two final-year physiotherapy Master 
students (Master Musculoskeletal Physiotherapy) under the supervision 
of the physiotherapist. 

All participants completed the VISA-A and the activities of daily 
living (ADL) subscale of the Foot and Ankle Ability Measure (FAAM) 
(Martin et al., 2005). The VISA-A is a valid and reliable index of the 
clinical severity of Achilles tendinopathy. It consists of 8 questions that 
cover pain, function during ADL, and sports. Results range from 0 to 
100, with lower scores reflecting more disability (Robinson et al., 2001). 
Healthy participants typically have a VISA-A score of 96–100 and a score 
of ≥90 is considered full recovery for people with Achilles tendinopathy 
(Yelland et al., 2011). A 5-year follow-up study of fully recovered people 
with Achilles tendinopathy reported a mean score of 90 (Silbernagel 
et al., 2011). The cut-off score was therefore set at 90/100. The FAAM is 
a reliable, responsive and valid measure of physical function for in-
dividuals with musculoskeletal disorders of the lower leg, foot and ankle 
(Martin et al., 2005). The ADL subscale consists of a list of 21 activities, 
each scored on a 5-point Likert scale, ranging from 0 (unable to do) to 4 
(no difficulty at all). The total ADL score, ranging from 0 to 84, is then 
transformed to a percentage score (Martin et al., 2005). Additionally, for 
people with Achilles tendinopathy the severity of pain the week prior to 
the test was recorded using a 0 (“no pain”) to 10 (“worst imaginable 
pain”) numerical pain rating scale (NPRS). 

2.3. Left/right discrimination 

A left/right discrimination task was performed using E-prime soft-
ware (Psychology Software Tools Inc., Sharpsburg). The participants 
were shown a series of 48 pictures of paired Shepard-Metzler figures 
(Peters and Battista, 2008), a series of 48 foot pictures and a series of 48 
hand pictures (Fig. 1). The series of foot and hand pictures were dis-
played on a screen from a plantar/palmar, dorsal, medial/ulnar and 
lateral/radial view. Each picture was presented in six angles (0◦, 60◦, 
120◦, 180◦, 240◦, 300◦) and mirrored so that identical pictures of left 
and right feet and hands were created (Fig. 1). The pictures of paired 
Shepard-Metzler figures (Peters and Battista, 2008) where shown in 
order to control for a generalised impairment in mental rotation (Schmid 
and Coppieters, 2012). The pairs consisted of identical or mirrored fig-
ures rotated at 50◦, 100◦ and 150◦ along the vertical and the horizontal 
axes. 

The experiment was conducted in a quiet room in a university lab-
oratory where the participants sat in front of a 22-inch monitor with 
their forearms and hands resting on a desk. Participants were asked to 
judge whether the depicted body part belonged to the right or left side of 
the body, or whether the depicted Shepard-Metzler figures were rotated 
or mirrored images. Participants were instructed to perform the task as 
quickly and as accurately as possible. The judgments were made by 
pressing a button with the index and middle finger of the dominant hand 
using a serial response box (Psychology Software Tools Inc., Sharpsburg, 
PA). All participants were instructed not to move their feet or hands (e. 
g., to match the position of the presented image). The displayed images 
disappeared immediately once the participant pressed the response box 
button, or if no decision was made the image disappeared after 10s. The 
trials were separated by a 2s pause during which the screen appeared 
blank. The series of feet, hands and Shepard-Metzler figures were pre-
sented in random order and were separated by a 1-minute rest period. 
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The sequence of the display of the pictures within each series was also 
random. No feedback regarding speed or accuracy was provided during 
the task. To become familiarised with the experiment, the participants 
practiced the left/right discrimination task on 10 pictures of each con-
dition before the actual experiment commenced. The performance of the 
participants was evaluated in terms of accuracy and response time (Nico 
et al., 2004; Schwoebel et al., 2001). Accuracy was calculated based on 
the number of correct responses and was expressed as a percentage. 
Response time was calculated based on the time needed to correctly 
recognise the images. For the feet and hands pictures, trials for which 
the reaction time was <300 ms or >6000 ms were discarded from the 
analysis. For Shepard-Metzler figures, trials performed in <300 ms were 
excluded from the analysis. Data across the different conditions (angles, 
views) were collapsed such that the mean for each body part (affected or 
unaffected foot or hand) could be calculated. For the control group, an 

affected and unaffected side were assigned in such a way that a similar 
number of left and right sides were compared for the Achilles tendin-
opathy group and control group. 

2.4. Statistical analysis 

The characteristics of the Achilles tendinopathy group and the con-
trol group were compared with independent t-tests given a normal dis-
tribution of the data. For ordinal or non-normally distributed data the 
equivalent non-parametric test (Mann-Whitney U test) was performed. 
Normality was checked by visual inspection of q-q plots, the box plots of 
the data and a Shapiro-Wilks test. 

To determine whether there were differences in the accuracy and 
response time between the Achilles tendinopathy and the control group, 
two separate analyses of variance (ANOVAs) with one between-groups 

Fig. 1. The pictures of feet and hands, and examples of Shepard-Metzler figures.  

N. Tompra et al.                                                                                                                                                                                                                                



Musculoskeletal Science and Practice 54 (2021) 102388

4

factor (Group: Achilles tendinopathy vs. healthy) and two repeated- 
measures (Side: affected vs. unaffected; and Location: feet vs. hands) 
were performed. The presence of any outliers and the normality of the 
data were examined prior to the test. If the assumption of normality was 
violated, data were transformed using square root, log10 or reciprocal 
transformation. The accuracy and response time for the Shepard-Metzler 
figures were compared using independent t-tests. 

Spearman correlation coefficients (rs) were calculated to explore 
whether symptom duration, pain severity the week preceding the test 
(NPRS), functional limitation (FAAM) and Achilles tendinopathy 
severity (VISA-A) correlated with accuracy and response time for the 
affected foot. 

2.5. Ethical considerations 

Participants were recruited via print and social media advertise-
ments. The study was approved by the local ethics committee of [XXX]. 
Written informed consent was obtained from all participants, and their 
rights were protected. 

3. Results 

Demographic data were comparable for the Achilles tendinopathy 
and control group (Table 1). People with Achilles tendinopathy scored 
significantly poorer on ADL (FAAM) and Achilles tendinopathy severity 
(VISA-A). 

3.1. Accuracy 

3.1.1. Feet and hands 
Four outliers (2 in each group) were identified by visual inspection of 

the boxplots and were removed. Because the assumption of normality 
was violated for some variables as assessed by Shapiro-Wilks test (p ≤
0.014), several transformations were attempted but the distribution of 
those variables remained unchanged. Given that ANOVA is considered 
robust against violations of normality (Field, 2009), the original un-
transformed data were used for the analysis. There was homogeneity of 
variances, as assessed by Levene’s test (p > 0.190) and homogeneity of 
covariances, as assessed by Box’s test of equality of covariance matrices 
(p > 0.672). 

There was no significant interaction effect of Group X Side X Location 
[F(1,32) = 0.04, p = 0.842, ηp

2 = 0.001], Group X Side [F(1,32) = 0.007, 
p = 0.936, ηp

2 = 0.000] or Group X Location [F(1,32) = 4.14, p = 0.05, 
ηp

2 = 0.115]. There was a significant main effect of Location [F(1,32) =
151.13, p < 0.001, ηp

2 = 0.825] but not of Side [F(1,32) = 0.84, p =
0.366, ηp

2 = 0.026] or Group [F(1,32) = 0.54, p = 0.466, ηp
2 = 0.017]. 

These results indicate that the overall accuracy of people with Achilles 
tendinopathy was comparable to the healthy participants (Fig. 2). Both 

groups were significantly more accurate in recognising hands than feet. 
In addition, when considering the Achilles tendinopathy group alone, 
the recognition accuracy of the affected and the unaffected foot did not 
differ significantly. Table 2 summarises the accuracy data for both 
groups. 

3.1.2. Shepard-Metzler figures 
Data were normally distributed, as assessed by Shapiro-Wilk’s test (p 

> 0.126) and there was homogeneity of variances, as assessed by Lev-
ene’s test for equality of variances (p > 0.487). There was no significant 
difference in the recognition accuracy for the Shepard-Metzler figures 
between the Achilles tendinopathy (Mean = 75%, SD = 10%) and the 
control group (Mean = 72%, SD = 12%), mean difference = 3%, SD =
3%, t(36) = -0.975, p = 0.336, 95%CI[-10%, 4%]. 

3.1.3. Correlations 
The recognition accuracy for the affected foot was not correlated 

with the duration of symptoms (rs = 0.014, p = 0.956), pain intensity the 
week preceding the test (rs = − 0.279, p = 0.262), functional limitations 
(FAAM) (rs = 0.013, p = 0.9566) and the severity of Achilles tendin-
opathy (VISA-A) (rs = − 0.019, p = 0.939). 

3.2. Response time 

3.2.1. Feet and hands 
Three outliers (2 in the control group) were identified by visual in-

spection of the boxplots and were removed. The data were normally 
distributed as assessed by Shapiro-Wilks test (p > 0.058) and the visual 
inspection of q-q plots and the box plots. There was homogeneity of 
variances, as assessed by Levene’s test (p > 0.706) and homogeneity of 
covariances, as assessed by Box’s test of equality of covariance matrices 
(p > 0.705). 

There was no significant interaction effect of Group X Side X Location 
[F(1,33) = 0.277, p = 0.602, ηp

2 = 0.008], Group X Side [F(1,33) =
0.011, p = 0.919, ηp

2 = 0.000] or Group X Location [F(1,33) = 0.215, p 
= 0.646, ηp

2 = 0.006]. There was a significant main effect of Location [F 
(1,33) = 13.664, p = 0.001, ηp

2 = 0.293] but not of Side [F(1,33) =
0.158, p = 0.693, ηp

2 = 0.005] or Group [F(1,33) = 0.036, p = 0.851, ηp
2 

= 0.001]. These results indicate that the response time was similar 
amongst people with Achilles tendinopathy and healthy participants. 
Both groups were significantly faster in recognising feet compared to 
hands. For the Achilles tendinopathy group alone, the time to recognise 
the affected or unaffected foot was similar. Table 2 summarises the data 
for the response time for both groups. 

3.2.2. Shepard-Metzler figures 
Two outliers (both in the control group) were identified by inspec-

tion of the boxplots and were removed. Data were normally distributed, 
as assessed by Shapiro-Wilk’s test (p > 0.137) but there was no homo-
geneity of variances, as assessed by Levene’s test for equality of vari-
ances (p = 0.003). There was no significant difference in the response 
time for the Shepard-Metzler figures between the Achilles tendinopathy 
(Mean = 4411.53 ms, SD = 1123.89 ms) and control group (Mean =
4903.21 ms, SD = 464.87 ms) (mean difference = 491.68 ms, SD =
281.41 ms, t(24.53) = 1.747, p = 0.093, 95%CI[-88.46 ms, 1071.82 
ms]). 

3.2.3. Correlations 
The response time for the affected foot was not correlated with the 

symptom duration (rs = − 0.406, p = 0.095), the pain intensity the week 
preceding the test (r = 0.020, p = 0.937), functional limitations (FAAM) 
(rs = − 0.290, p = 0.229) or the severity of Achilles tendinopathy (VISA- 
A) (rs = − 0.014, p = 0.954). 

Table 1 
Characteristics (mean (SD)) of the Achilles tendinopathy group and control 
group.   

Achilles tendinopathy 
group 

Control 
group 

P- 
values 

Age 39.8 (2.1) 39.6 (2.5) 0.96 
Sex (male/female) 16/3 16/3 – 
Body Mass Index 24.2 (0.9) 22.7 (0.4) 0.14 
Symptom duration 

(months) 
16.9 (4.6) N/A – 

NPRS (past week) 4.1 (2.2) N/A – 
FAAM questionnaire 90.7 (9.1) 99.8 (0.1) <0.001 
VISA-A questionnaire 72.6 (7.5) 99.8 (0.2) <0.001 
Running (km/week)a 25 (4.6) 31.4 (5.1) 0.68 

FAAM: Functional Ankle Ability Measure; km: kilometres; N/A: not applicable; 
NPRS: Numerical Pain Rating Scale, VISA-A: Victorian Institute of Sport 
Assessment – Achilles Questionnaire. 

a Data for running are presented as median (interquartile range). 
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4. Discussion 

This study revealed that people with unilateral chronic Achilles 
tendinopathy did not exhibit side to side differences in recognising 

pictures of their affected and non-affected body area, or between people 
with unilateral chronic Achilles tendinopathy and healthy participants. 
Performance in left/right discrimination for feet did not correlate with 
symptom duration, pain intensity, functional limitations and severity of 
the Achilles tendinopathy. 

4.1. Limb usage 

There is a tendency to attribute impaired left/right discrimination to 
the presence and chronicity of pain (Schwoebel et al., 2001). However, 
cross-sectional study designs prohibit inferences on causality. Besides by 
pain, cortical representation of a body part is also influenced by other 
factors, such as the extent of use of the corresponding body part 
(Meugnot et al., 2016; Moseley, 2004). In healthy people, limb immo-
bilisation has been shown to result in increased response time of the 
immobilised body part (Meugnot et al., 2016). Taking that into account, 
the continued usage of the foot and ankle during running and ADL by the 
participants in the present study may explain why there was no differ-
ence in left/right discrimination. 

Fig. 2. Performance, expressed as accuracy (A) and response time (B), in the left/right discrimination task for people with Achilles tendinopathy and healthy 
participants. Error bars represent one standard deviation. 

Table 2 
Recognition accuracy and response time for the Achilles tendinopathy group and 
Control group. Data are presented as mean (SD).   

Achilles tendinopathy group Control group 

Affected 
side 

Unaffected 
side 

Matched to 
affected side 

Matched to 
unaffected side 

Recognition accuracy (%) 
Feet 80.58 

(6.08) 
81.97 (3.87) 79.19 (7.99) 81.01 (4.80) 

Hands 91.37 
(4.54) 

91.60 (5.76) 94.31 (5.30) 94.41 (5.81) 

Response time (ms) 
Feet 1560 (488) 1527 (523) 1513 (467) 1452 (523) 
Hands 1734 (514) 1788 (541) 1715 (489) 1810 (608)  
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4.2. Location of injury 

4.2.1. Upper versus lower limb conditions 
It is possible that left/right discrimination ability is differentially 

affected in upper versus lower limb conditions. For example, left/right 
discrimination of hands was impaired following upper limb amputation 
(Nico et al., 2004; Reinersmann et al., 2010), but discrimination of feet 
was not affected after lower limb amputation (Curtze et al., 2010). 
Moreover, impairments have been observed more consistently in upper 
limb conditions (Moseley, 2004; Nico et al., 2004; Reinersmann et al., 
2010; Schmid and Coppieters, 2012; Schwoebel et al., 2001) while the 
results for lower limb conditions vary (Curtze et al., 2010; Stanton et al., 
2012). 

Firstly, this observation may be consistent with limb usage as out-
lined above. Many hand actions are performed unilaterally and may be 
substituted with the other hand in unilateral conditions. In contrast, the 
lower limbs engage largely in bipedal activities, such as locomotion, that 
are often not substituted in unilateral conditions. Secondly, feet have a 
smaller cortical representation than hands. This smaller representation 
may be less affected following injury, or the effect of altered represen-
tation may be less. This view is consistent with the divergent findings 
mentioned above in upper versus lower limb amputations. However, 
left/right discrimination has also been found to be affected in people 
with low back pain (Bowering et al., 2014; Bray and Moseley, 2011) yet 
the trunk has a small cortical representation. 

4.2.2. Pain distribution relative to the depicted body part 
Another possible explanation for the discrepancy between study 

findings may relate to the location of pain and the presented body 
image. Pain in Achilles tendinopathy is often localised over the region of 
the tendon and not widespread (Rio et al., 2014). The Achilles tendon 
occupies a small part of the depicted feet. In contrast, complex regional 
pain syndrome (Wasner et al., 2003), phantom limb pain (Jensen et al., 
1985) and carpal tunnel syndrome (Nora et al., 2004) often result in 
widespread pain in the entire depicted body part. 

4.3. Activation of the pain neural networks 

When performing a left/right discrimination task, it is believed that a 
participant is mentally simulating a movement of his or her body region 
to match the posture in the picture (Hoyek et al., 2014). Possibly, a part 
of or the entire pain neural networks associated with this movement or 
posture may be activated during the decision making process, affecting 
the performance in left/right discrimination. The correlation observed 
in people with complex regional pain syndrome between response time 
and pain that would be evoked during the movement is consistent with 
this postulation (Moseley, 2004). In contrast to conditions such as 
complex regional pain syndrome or moderate to severe carpal tunnel 
syndrome where the pain tends to be present throughout the day and 
may be exacerbated by simple movements, Achilles tendinopathy pain 
has an on/off nature closely linked to loading (Rio et al., 2014). This 
may imply that the foot pictures typically used in left/right discrimi-
nation studies may not be adequate to show possible impairments. More 
research is needed to clarify the relation between task performance and 
pain associated with movements. 

4.4. Limitations 

The relatively small sample size should be taken into consideration. 
However, the deterioration in left/right discrimination at group level, if 
present, between affected and unaffected side, or when compared to 
healthy participants, was negligible for both accuracy (<1.5%) and 
response time (<50 ms). Other studies with a comparable sample size 
identified a ~10% reduction in accuracy between the affected and un-
affected hand in patients with carpal tunnel syndrome (Schmid and 
Coppieters, 2012), or a ~500 ms increase in response time in people 

with phantom limb pain compared to healthy participants (Reinersmann 
et al., 2010). Another consideration is the removal of outliers from the 
analysis. The analysis was also performed including the outliers and the 
results were consistent. Pain levels were not considered eligibility 
criteria in this study. Together with an overall moderate level of func-
tional disability (mean 72.6/100) in Achilles tendinopathy participants, 
this may have influenced the outcomes of this study and should be taken 
into consideration when interpreting findings. All included participants 
were engaged in running activities or sports that involved running or 
jumping at least at recreational level and minimally for one year prior to 
testing. This may limit the generalisability of our findings, although 
many people experience exercise-related Achilles tendinopathy. 

4.5. Conclusion 

People with Achilles tendinopathy who remain active do not present 
with impaired left/right discrimination when comparing the affected 
and unaffected side. Furthermore, their overall performance was com-
parable to healthy participants. If future research confirms the protec-
tive nature of maintaining left/right discrimination ability of the 
affected body part, this provides additional arguments for maintaining 
activity in spite of pain through rehabilitation or self-management. 

Ethical approval 

The study was approved by the local ethics committee of the 
Department of Human Movement Sciences of Vrije Universiteit 
Amsterdam, The Netherlands (Reference: ECB 2014–58). 

Funding 

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors. 

Declaration of competing interest 

None declared. 

Acknowledgements 

The authors would like to acknowledge the assistance of Lieke van de 
Weerd and Margot Heijmans during data collection. 

References 

Bowering, K.J., Butler, D.S., Fulton, I.J., Moseley, G.L., 2014. Motor imagery in people 
with a history of back pain, current back pain, both, or neither. Clin. J. Pain 30, 
1070–1075. 

Bray, H., Moseley, G.L., 2011. Disrupted working body schema of the trunk in people 
with back pain. Br. J. Sports Med. 45, 168–173. 

Breckenridge, J.D., Ginn, K.A., Wallwork, S.B., McAuley, J.H., 2019. Do people with 
chronic musculoskeletal pain have impaired motor imagery? A meta-analytical 
systematic review of the left/right judgment task. J. Pain 20, 119–132. 

Curtze, C., Otten, B., Postema, K., 2010. Effects of lower limb amputation on the mental 
rotation of feet. Exp. Brain Res. 201, 527–534. 

Di Pietro, F., McAuley, J.H., Parkitny, L., Lotze, M., Wand, B.M., Moseley, G.L., 
Stanton, T.R., 2013. Primary somatosensory cortex function in complex regional 
pain syndrome: a systematic review and meta-analysis. J. Pain 14, 1001–1018. 

Field, A.P., 2009. Discovering Statistics Using SPSS. Sage publications, California.  
Heales, L., Lim, E., Hodges, P., Vicenzino, B., 2014. Sensory and motor deficits exist on 

the non-injured side of patients with unilateral tendon pain and 
disability—implications for central nervous system involvement: a systematic review 
with meta-analysis. Br. J. Sports Med. 48, 1400–1406. 

Hoyek, N., Di Rienzo, F., Collet, C., Creveaux, T., Guillot, A., 2014. Hand mental rotation 
is not systematically altered by actual body position: laterality judgment versus 
same–different comparison tasks. Atten. Percept. Psychophys. 76, 519–526. 

Jensen, T.S., Krebs, B., Nielsen, J., Rasmussen, P., 1985. Immediate and long-term 
phantom limb pain in amputees: incidence, clinical characteristics and relationship 
to pre-amputation limb pain. Pain 21, 267–278. 

Jutzeler, C.R., Freund, P., Huber, E., Curt, A., Kramer, J.L., 2015. Neuropathic pain and 
functional reorganization in the primary sensorimotor cortex after spinal cord injury. 
J. Pain 16, 1256–1267. 

N. Tompra et al.                                                                                                                                                                                                                                

http://refhub.elsevier.com/S2468-7812(21)00072-2/sref1
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref1
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref1
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref2
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref2
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref3
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref3
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref3
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref4
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref4
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref5
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref5
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref5
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref6
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref7
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref7
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref7
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref7
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref8
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref8
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref8
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref9
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref9
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref9
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref10
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref10
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref10


Musculoskeletal Science and Practice 54 (2021) 102388

7

MacIver, K., Lloyd, D., Kelly, S., Roberts, N., Nurmikko, T., 2008. Phantom limb pain, 
cortical reorganization and the therapeutic effect of mental imagery. Brain 131, 
2181–2191. 

Maeda, Y., Kettner, N., Holden, J., Lee, J., Kim, J., Cina, S., Malatesta, C., Gerber, J., 
McManus, C., Im, J., 2014. Functional deficits in carpal tunnel syndrome reflect 
reorganization of primary somatosensory cortex. Brain awu096. 

Martin, R.L., Irrgang, J.J., Burdett, R.G., Conti, S.F., Van Swearingen, J.M., 2005. 
Evidence of validity for the foot and ankle ability measure (FAAM). Foot Ankle Int. 
26, 968–983. 

Meugnot, A., Agbangla, N.F., Toussaint, L., 2016. Selective impairment of sensorimotor 
representations following short-term upper-limb immobilisation. Q. J. Exp. Psychol. 
69, 1842–1850. 

Moseley, G.L., 2004. Why do people with complex regional pain syndrome take longer to 
recognize their affected hand? Neurology 62, 2182–2186. 

Moseley, G.L., Flor, H., 2012. Targeting cortical representations in the treatment of 
chronic pain a review. Neurorehabilitation Neural Repair 26, 646–652. 

Ngomo, S., Mercier, C., Bouyer, L.J., Savoie, A., Roy, J.-S., 2015. Alterations in central 
motor representation increase over time in individuals with rotator cuff 
tendinopathy. Clin. Neurophysiol. 126, 365–371. 

Nico, D., Daprati, E., Rigal, F., Parsons, L., Sirigu, A., 2004. Left and right hand 
recognition in upper limb amputees. Brain 127, 120–132. 

Nora, D.B., Becker, J., Ehlers, J.A., Gomes, I., 2004. Clinical features of 1039 patients 
with neurophysiological diagnosis of carpal tunnel syndrome. Clin. Neurol. 
Neurosurg. 107, 64–69. 

Parsons, L.M., 2001. Integrating cognitive psychology, neurology and neuroimaging. 
Acta Psychol. 107, 155–181. 

Peters, M., Battista, C., 2008. Applications of mental rotation figures of the Shepard and 
Metzler type and description of a mental rotation stimulus library. Brain Cognit. 66, 
260–264. 

Pleger, B., Ragert, P., Schwenkreis, P., Förster, A.-F., Wilimzig, C., Dinse, H., Nicolas, V., 
Maier, C., Tegenthoff, M., 2006. Patterns of cortical reorganization parallel impaired 
tactile discrimination and pain intensity in complex regional pain syndrome. 
Neuroimage 32, 503–510. 

Plinsinga, M.L., Brink, M.S., Vicenzino, B., Van Wilgen, C.P., 2015. Evidence of nervous 
system sensitization in commonly presenting and persistent painful tendinopathies: a 
systematic review. J. Orthop. Sports Phys. Ther. 45, 864–875. 

Plinsinga, M.L., van Wilgen, C.P., Brink, M.S., Vuvan, V., Stephenson, A., Heales, L.J., 
Mellor, R., Coombes, B.K., Vicenzino, B.T., 2018. Patellar and Achilles 
tendinopathies are predominantly peripheral pain states: a blinded case control 
study of somatosensory and psychological profiles. Br. J. Sports Med. 52, 284–291. 

Reinersmann, A., Haarmeyer, G.S., Blankenburg, M., Frettlöh, J., Krumova, E.K., 
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Tompra, N., van Dieën, J.H., Coppieters, M.W., 2016. Central pain processing is altered 
in people with Achilles tendinopathy. Br. J. Sports Med. 50, 1004–1007. 

Tsao, H., Danneels, L.A., Hodges, P.W., 2011. ISSLS prize winner: smudging the motor 
brain in young adults with recurrent low back pain. Spine 36, 1721–1727. 

Vallance, P., Crowley, L., Vicenzino, B., Malliaras, P., 2021. Contralateral mechanical 
hyperalgesia and altered pain modulation in men who have unilateral insertional 
Achilles tendinopathy: a cross-sectional study. Muscoskel. Sci. Pract. 52. Epub ahead 
of print.  

Vartiainen, N., Kirveskari, E., Kallio-Laine, K., Kalso, E., Forss, N., 2009. Cortical 
reorganization in primary somatosensory cortex in patients with unilateral chronic 
pain. J. Pain 10, 854–859. 

Wand, B.M., Parkitny, L., O’Connell, N.E., Luomajoki, H., McAuley, J.H., Thacker, M., 
Moseley, G.L., 2011. Cortical changes in chronic low back pain: current state of the 
art and implications for clinical practice. Man. Ther. 16, 15–20. 

Wasner, G., Schattschneider, J., Binder, A., Baron, R., 2003. Complex regional pain 
syndrome–diagnostic, mechanisms, CNS involvement and therapy. Spinal Cord 41, 
61–75. 

Yelland, M.J., Sweeting, K.R., Lyftogt, J.A., Ng, S.K., Scuffham, P.A., Evans, K.A., 2011. 
Prolotherapy injections and eccentric loading exercises for painful Achilles 
tendinosis: a randomised trial. Br. J. Sports Med. 45, 421–428. 

N. Tompra et al.                                                                                                                                                                                                                                

http://refhub.elsevier.com/S2468-7812(21)00072-2/sref11
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref11
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref11
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref12
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref12
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref12
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref13
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref13
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref13
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref14
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref14
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref14
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref15
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref15
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref16
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref16
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref17
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref17
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref17
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref18
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref18
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref19
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref19
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref19
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref20
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref20
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref21
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref21
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref21
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref22
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref22
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref22
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref22
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref23
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref23
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref23
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref24
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref24
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref24
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref24
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref25
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref25
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref25
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref25
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref26
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref26
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref26
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref27
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref27
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref27
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref28
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref28
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref28
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref29
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref29
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref29
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref30
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref30
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref30
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref31
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref31
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref32
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref32
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref33
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref33
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref33
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref34
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref34
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref34
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref35
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref35
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref36
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref36
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref37
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref37
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref37
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref37
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref38
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref38
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref38
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref39
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref39
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref39
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref40
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref40
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref40
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref41
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref41
http://refhub.elsevier.com/S2468-7812(21)00072-2/sref41

	Left/right discrimination is not impaired in people with unilateral chronic Achilles tendinopathy
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Participants
	2.3 Left/right discrimination
	2.4 Statistical analysis
	2.5 Ethical considerations

	3 Results
	3.1 Accuracy
	3.1.1 Feet and hands
	3.1.2 Shepard-Metzler figures
	3.1.3 Correlations

	3.2 Response time
	3.2.1 Feet and hands
	3.2.2 Shepard-Metzler figures
	3.2.3 Correlations


	4 Discussion
	4.1 Limb usage
	4.2 Location of injury
	4.2.1 Upper versus lower limb conditions
	4.2.2 Pain distribution relative to the depicted body part

	4.3 Activation of the pain neural networks
	4.4 Limitations
	4.5 Conclusion

	Ethical approval
	Funding
	Declaration of competing interest
	Acknowledgements
	References


