
Background: Sensory and motor system dysfunctions have been documented in a proportion of 
patients with acute whiplash associated disorders (WAD). Sensorimotor incongruence may occur and 
hence, may explain pain and other sensations in the acute stage after the trauma.

Objectives: The present study aimed at 1) evaluating whether a visually mediated incongruence 
between sensory feedback and motor output increases symptoms and triggers additional sensations 
in patients with acute WAD, 2) investigating whether the pattern of sensations in response to 
sensorimotor incongruence differs among patients suffering from acute and chronic WAD, and 
healthy controls.

Study Design: Experimental study.

Setting: Patients with acute WAD were recruited within one month after whiplash injury via the 
emergency department of a local Red Cross medical care unit, the Antwerp University Hospital, and 
through primary care practices. Patients with chronic WAD were recruited through an advertisement 
on the World Wide Web and from the medical database of a local Red Cross medical care unit. 
Healthy controls were recruited from among the university college staff, family members, and 
acquaintances of the researchers.

Methods: Thirty patients with acute WAD, 35 patients with chronic WAD, and 31 healthy persons 
were subjected to a coordination test. They performed congruent and incongruent arm movements 
while viewing a whiteboard or mirror.  

Results. Twenty-eight patients with acute WAD reported sensations such as pain, tightness, feeling 
of peculiarity, and tiredness at some stage of the test protocol. No significant differences in frequencies 
and intensities of sensations were found between the various test stages (P > .05). Significantly more 
sensations were reported during the incongruent mirror stage compared to the incongruent control 
stage (P < .05). The pattern in intensity of sensations across the congruent and incongruent stages 
was significantly different between the WAD groups and the control group.

Limitations: The course and prognostic value of susceptibility to sensorimotor incongruence after 
an acute whiplash trauma are not yet clear from these results. A prospective longitudinal study with 
an expanded study population is needed to investigate if those with a lowered threshold to visually 
mediated sensorimotor incongruence in the acute stage are at risk to develop persistent pain and 
disability.

Conclusion: Patients with acute WAD present an exacerbation of symptoms and additional 
sensations in response to visually mediated changes during action. These results indicate an altered 
perception of distorted visual feedback and suggest altered central sensorimotor nervous system 
processing in patients with acute WAD.

Key words: Sensorimotor incongruence, visually mediated changes, whiplash, sensations, acute 
pain, chronic pain, altered central sensorimotor processing, central nervous system.
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tor incongruence may occur, and hence, may explain 
pain and other sensations in the acute stage. However, 
the role of sensorimotor incongruence has not been 
studied soon after whiplash injury

Improved insight into the acute stage of the condi-
tion may help in identifying those at risk of developing 
persistent pain and disability. In turn, this may lead to 
improved intervention strategies to prevent the transi-
tion from acute to chronic WAD.

For the reasons outlined above, the present study 
aimed at evaluating whether a visually mediated incon-
gruence between sensory feedback and motor output 
increases symptoms and triggers additional sensations 
in patients soon after whiplash trauma. A second aim 
was to investigate whether the pattern of sensations 
in response to sensorimotor incongruence differs be-
tween patients suffering from acute and chronic WAD, 
and healthy controls. 

Methods

Study Design
A cross-sectional study design was used to evaluate 

whether patients with acute WAD are susceptible to vi-
sually mediated sensorimotor incongruence

Patients
Patients with acute WAD were recruited within 

one month after experiencing whiplash via the emer-
gency department of a local Red Cross medical care 
unit, the Antwerp University Hospital, and primary care 
practices. Patients with chronic WAD were recruited 
through advertisements on the World Wide Web and 
from the medical database of a local Red Cross medi-
cal care unit. Chronicity was defined as complaints per-
sisting for at least 3 months. A variety of recruitment 
procedures were used in order to prevent recruitment 
bias (31). The inclusion criteria for the acute and chronic 
WAD groups were currently having symptoms resulting 
from a whiplash trauma and fulfilling the diagnostic 
criteria of WAD grade I to III as defined by the Quebec 
Task Force classification (32). Patients were excluded if 
they were classified as WAD grade IV (32) and if they 
reported a previous history of whiplash trauma. 

Healthy controls were recruited among the univer-
sity college staff, family members, and acquaintances of 
the researchers. Controls were not allowed to partici-
pate if they ever had experienced a whiplash trauma, 
suffered from (persistent) pain or neck-shoulder-arm 
symptoms, or had sought medical help for neck-shoul-

Whiplash associated disorders (WAD) refer 
to the variety of clinical manifestations 
caused by a sudden acceleration-

deceleration trauma. The clinical picture of WAD is 
heterogeneous and the recovery pathways are variable 
(1,2). Most patients recover spontaneously within 3 
months after the initial trauma. However, up to 50% of 
patients will continue to suffer from ongoing pain and 
disability one year  after whiplash (3).  

Chronic WAD have been associated with motor sys-
tem dysfunctions, altered central pain processing, and 
psychosocial factors (e.g., posttraumatic stress, depres-
sion,  and pain catastrophizing) (4-14). From previous 
research, it is known that cervical motor dysfunction 
is of limited prognostic value and cannot explain the 
complex clinical picture of chronic WAD (13,15). 

A growing body of research has revealed the 
involvement of the central nervous system   in the 
maintenance of symptoms after a whiplash trauma. 
Widespread hyperalgesia and impaired endogenous 
analgesia, indicative for altered central pain process-
ing and central sensitization, were observed in patients 
with chronic WAD (9-11,16). Furthermore, we recently 
found that visually mediated changes between sensory 
feedback and motor output exacerbate symptoms and 
provoke additional sensations in those suffering from 
chronic WAD (17). These results suggest altered senso-
rimotor central nervous processing in chronic WAD (17). 

The role of cortical mechanisms in the origin of 
pain has been postulated. Disturbances in sensory and 
motor system function may induce sensorimotor incon-
gruence and hence, produce pain and other sensations 
(18-20) similar to incongruence between visual and ves-
tibular input that cause motion sickness (21-23). There 
is evidence that distorting visual feedback of a moving 
limb aggravates pain and other symptoms in patients 
with chronic pain (17,24,25). 

In contrast to the expanding knowledge of under-
lying mechanisms in chronic WAD, the acute stage of 
the injury has been largely unexplored. Nevertheless, 
disturbances in sensory and motor system function 
have been documented in patients with acute WAD 
(7,26-30). Widespread hyperalgesia was observed soon 
after injury in those with persistent moderate/severe 
symptoms at 6 months and was associated with poor 
functional recovery (13,15,28). Furthermore, distur-
bances in motor system function were found early after 
the trauma (7,26,29,30). 

Given the evidence for sensorimotor system dys-
function in some patients with acute WAD, sensorimo-
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der-arm symptoms in the previous 6 months. 
Patients were asked to discontinue analgesic and 

anti-inflammatory drugs 48 hours before testing. This 
duration was chosen based on ethical consideration and 
because analgesic effects are mostly limited in time (33). 
They were instructed to avoid physical exertion and re-
frain from consuming nicotine, alcohol, and caffeine 
24 hours before testing. Patients were excluded if they 
were pregnant, or if they suffered from any cardiovas-
cular or neurological disease. 

The sample size was based on the power calcula-
tion in our previous work (17).

Procedure
Before participating, patients carefully read an in-

formation leaflet. In the leaflet, they were informed 
that the experiment would consist of a coordination 
task with both arms. No further explanation concern-
ing the task was given and no association with pain and 
other sensations was made. Written informed consent 
was obtained from all patients before testing in accor-
dance with the Declaration of Helsinki. The study was 
approved by the Human Research Ethics Committee of 
the Antwerp University Hospital. A standardized ques-
tionnaire was used to collect personal characteristics as 
well as accident-related and health-related informa-
tion. The WAD groups filled in the Neck Disability Index 
(NDI). Next, they were subjected to a coordination task 
simulating incongruence between sensory feedback 
and motor output. 

Measurements

Self-Reported Questionnaire
The NDI (score out of 100) is a reliable and valid 

self-reported measure (34,35) frequently used in WAD 
studies. 

Bimanual Coordination Test
The assessment apparatus and procedure employed 

in the current study have been described in detail by 
McCabe and colleagues (20,36) and were used in our 
previous studies (17,37). The method is briefly explained 
here. For details, the reader is referred to the previous 
studies (17,37).

The assessment apparatus, consisting of a mirror 
(intervention side) and a whiteboard (control side), was 
positioned on the patient’s anterior midline. They were 
asked to flex/extend both arms in a congruent/incon-
gruent manner while viewing the whiteboard/mirror 

and attending to a reference point (a horizontal line at 
the level of the subject’s umbilicus).  At the end of each 
stage,  2 open-ended questions were asked: “How did 
it feel?” and “Were you aware of any changes in either 
limb?” To prevent introducing bias, no further explana-
tion was given and no suggestions with regard to sen-
sations were made. In case of reported sensations, the 
intensity was rated on a numerical rating scale from 0 
to 10 (38). If sensations were reported, a rest period 
was introduced until the symptoms had disappeared or 
returned to their baseline status. 

Experiencing pain at the time of testing is likely to 
introduce bias into the study. Therefore control con-
ditions (i.e., flex/extend both arms in a congruent/in-
congruent manner without viewing the whiteboard/
mirror) were included and patients were compared 
with controls. All the limb assessments were executed 
consecutively and in random order. The abbreviations 
for the test and control stages that will be used in the 
rest of this article are: congruent whiteboard = CW; in-
congruent whiteboard = IW; congruent mirror = CM; 
incongruent mirror = IM; congruent control = CC; in-
congruent control = IC. 

Statistical Methods
Statistical analyses were conducted using SPSS 18.0 

for Windows (SPSS Inc.,  Chicago, IL). Normality of the 
variables was tested with the Kolmogorov-Smirnov 
test. Comparability of the groups for gender distribu-
tion, education level and age was verified with Pear-
son’s χ2 test and independent-sample t-test. A McNe-
mar test (binomial distribution) was used to compare 
the frequencies of sensations within the congruent 
(i.e., CW and CM) and incongruent test stages (i.e., IW 
and IM) and between the test and control stages in the 
acute WAD group. A Wilcoxon signed rank test was 
used to compare the intensities of sensations across the 
various stages in the acute WAD group. Two repeated 
measures of analysis of covariances (ANOVAs) were 
conducted to evaluate the pattern of sensations across 
the control, whiteboard, and mirror condition within 
the acute WAD, chronic WAD, and control group and 
among the different groups while performing congru-
ent and incongruent movements respectively. Each 
model had one between patients factor – group (acute 
WAD, chronic WAD, controls) and one within patients 
factor – stage (control, whiteboard, mirror). Post-hoc 
Bonferroni correction was performed in case of signifi-
cant factors. Since the gender distribution was signifi-
cantly different between the acute WAD group and the 
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chronic WAD and control groups, gender was added as 
a covariate in both repeated measures ANOVAs. If no 
sensations were reported during an individual stage, 
the frequency and intensity score was counted as “0” 
and that score was recorded for statistical analysis. The 
significance level was set at .05.

Results

Participants
Thirty patients with acute WAD (14 women and 16 

men), 35 patients with chronic WAD (26 women and 9 
men) and 31 healthy controls (24 women and 7 men) 
volunteered for the study. The mean age was 43.30 (± 
10.98) years for the acute WAD, 43.80 (± 9.59) years 
for the chronic WAD and 43.19 (± 16.11) years for the 
control group. The 3 groups were comparable for age 
(P > .05). The chronic WAD and control groups were 
comparable for gender distribution and education level 
(P > .05). The acute WAD group differed in gender dis-
tribution and education level compared to the other 
groups (P < .05). The mean score of the NDI was 32.30 
(± 14.84) in the acute WAD group and 44.36 (± 12.64) in 
the chronic WAD group. Details of the NDI classification 
of the WAD groups are presented in Table 1. 

Reported sensations in response to the 
various stages in patients with acute WAD

Twenty-eight (93%) patients reported sensations 
at some stage of the test protocol (i.e., upon perform-

ing the coordination test with both arms in a congru-
ent and incongruent manner viewing the whiteboard 
or the mirror), which were increased compared to those 
experienced at baseline within one month after the 
whiplash trauma. The frequencies of sensations across 
the various test stages are presented in the upper row 
of Table 2. No significant differences in frequencies of 
sensations were found between the various test stages 
(i.e., between the CW and CM stage and between the 
IW and IM stage, P > .05). 

The patients described sensations as pain (43%), 
tightness (37%), feeling of peculiarity (37%), tired-
ness (27%), weight changes (20%), loss of control 
(17%), perceived loss/additional arm (10%), dizziness 
(7%), tingling (7%), nausea (7%), and discomfort 
(3%). 

The intensities of the reported sensations are pre-
sented in the lower row of Table 2. Comparing the 
median intensities of reported sensations between the 
various test stages (i.e., between the CW and CM stage 
and between the IW and IM stage), no significant dif-
ferences were found (P > .05; data of Wilcoxon signed 
rank tests not shown). 

When performing the coordination test in a con-
gruent and incongruent manner without viewing the 
whiteboard or mirror (the control stages), 21 (70%) 
patients reported pain, (43%) tightness (27%) and/or 
tiredness (13%). The frequencies and intensities of sen-
sations during the control stages are presented in the 
right columns of Table 2. 

Table 1. The NDI classification of  the patients with acute WAD (n = 30) and chronic WAD (n = 35)

NDI < 8 NDI 10 – 28 NDI >30

Acute WAD (frequency) 1 12 17

Chronic WAD (frequency) 0 1 34

NDI =  Neck Disability Index; NDI < 8 = minor symptoms; NDI 10 – 28 = mild pain and disability; > 30 NDI = moderate/severe pain 
and disability

Table 2. Frequency and intensity of  reported sensations per stage of  the coordination test in patients with acute WAD (n = 30).

CW CM p IW IM p CC IC

Frequency (%) 25 (83) 26 (87) 1.000 25 (83) 27 (90) .500 21 (70) 20 (67)

Intensity

Median (IQR)
 Mean (SD)

5 (3)
4.03 (2.44)

5 (3)
4.33 (2.31) .720 4 (4)

3.87 (2.42)
4 (3)

4.20 (2.33) .695 3 (5)
2.80 (2.28)

3 (4)
2.43 (2.21)

CW = Congruent whiteboard stage; CM = Congruent mirror stage; IW = Incongruent whiteboard stage; IM = Incongruent mirror stage; CC = 
Congruent control stage; IC = Incongruent control stage; SD = Standard deviation; IQR = Interquartile range
Significant at p<.05
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Significantly more patients with acute WAD re-
ported sensations during the IM stage compared to the 
IC stage (P < .05; data of McNemar test not shown). No 
significant differences were observed between the oth-
er control and test stages; i.e., between the CC and CW 
stages, between the CC and CM stages, and between 
the IC and IW stages P  > .05; data of McNemar tests not 
shown). The median intensities of reported sensations 
were significantly different among the control and the 
various test stages (P < .05; data of Wilcoxon signed 
rank tests not shown). 

The results of reported sensations during the per-
formance of the coordination test in patients with 
chronic WAD and healthy controls are described else-
where (17).

Pattern of sensations during performance of 
the coordination test in patients with acute 
WAD, chronic WAD, and healthy controls

Congruent stages
Figure 1 shows the pattern in intensity of sensa-

tions across the CC, CW and CM stages in the acute 
WAD, chronic WAD, and control groups. The results re-

vealed a significant stage  (F = 39.396, df = 1.811, P < 
.001) and group effect (F = 55.642, df = 2, P <.001), and 
a significant stage x group interaction (F = 7.412, df = 
3.622,  P  < .001). Since the Mauchly’s test of sphericity 
was significant (I < .05), Greenhouse-Geisser was used 
for stage effect and stage x group interaction. The post 
hoc analyses revealed a significant difference in the 
pattern of sensations between the control group and 
both WAD groups (P < .001). No significant difference 
was observed between the acute WAD and the chronic 
WAD groups (P > .05). Gender had no significant ef-
fect on the pattern of sensations across the congruent 
stages (P > .05).   

Incongruent stages
Figure 2 presents the pattern in intensity of sensa-

tions across the IC, IW, and IM stages in the acute WAD, 
chronic WAD, and control groups. The results indicated 
a significant stage effect (F = 50.012, df = 2, P < .001) 
and group effect (F = 36.874, df = 2, P <.001), and a 
significant stage x group interaction (F = 2.718, df = 
4, P  = .031). Since the Mauchly’s test of sphericity was 
significant (P < .05), Greenhouse-Geisser was used for 
stage effect and stage x group interaction. The post 

Fig. 1: Evolution of  sensory changes during performance of  the coordination test in a congruent manner in patients with acute 
WAD (n = 30), chronic WAD (n = 35) and healthy controls (n = 31). WAD: whiplash associated disorders; CC: moving both 
arms in a congruent manner without viewing the whiteboard or mirror; CW: moving both arms in a congruent manner while view-
ing the whiteboard; CM: moving both arms in a congruent manner while viewing the mirror.
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hoc analyses revealed a significant difference in the 
pattern of sensations between the control group and 
both WAD groups (P < .001). No significant difference 
was observed between the acute WAD and the chronic 
WAD groups (P > .05). The pattern of sensations across 
the incongruent stages was not influenced by gender 
(P > .05).

Discussion

Little is known about the acute stage of WAD. The 
results of the present study provide the first evidence 
that visually mediated changes between motor output 
and sensory feedback exacerbate symptoms and pro-
voke additional sensations within one month after a 
whiplash injury.  

The pattern of sensations was significantly differ-
ent between the WAD groups and the control group 
during the congruent as well as the incongruent stages. 

Reported sensations in response to various 
stages

In order to ensure the smoothness of motor actions 
and maintain a constant update on the interaction be-

Fig. 2: Evolution of  sensations during performance of  the coordination test in an incongruent manner in patients with acute WAD 
(n = 30), chronic WAD (n = 35) and controls (n = 31).
WAD: Whiplash associated disorders; IC: moving both arms in an incongruent manner without viewing the whiteboard or mirror; 
IW: moving both arms in an incongruent manner while viewing the whiteboard; IM: moving both arms in an incongruent manner 
while viewing the mirror.

tween motor and sensory systems, the predicted motor 
output is continuously compared to the actual sensory 
feedback by the brain. Accordingly, the motor plan 
will be adjusted and appropriate compensation strat-
egies will be used in order to achieve the goal. These 
processes, mediated by the motor control system, are 
considered to be implicit and automatic. But in cases of 
conflict between the predicted and current motor plan, 
the implicit sensorimotor integration processes fail and 
the conscious mode is invoked. As result, the individual 
becomes aware of the conflicting information process-
ing (19,39,40). 

There is growing evidence that incongruence be-
tween sensory feedback and motor output may cause 
pain and other sensations (17-20,36,37). An induced 
sensorimotor conflict, by using a similar optokinetic 
system (whiteboard/mirror) as in the present study, 
may generate sensations such as loss of control, feel-
ing of peculiarity, weight changes, and discomfort in 
healthy individuals (17,36). The maximum frequency 
of sensations was reported during the stage with 
the highest level of incongruence (i.e., the IM stage) 
(17,36). 
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This contrasts to the findings observed in patients 
suffering from acute WAD showing no differences in 
frequencies and intensities of sensations between the 
various test stages. Reducing or disturbing the visual in-
put of a moving limb (via using a mirror or a nonreflec-
tive whiteboard) seems to be sufficient to exacerbate 
symptoms in the acute stage after the whiplash trauma. 
This points toward a lowered threshold for visually me-
diated changes between sensory feedback and motor 
output in patients suffering from acute WAD.

In concordance with these findings, no differences 
in the frequencies of sensations were observed among 
the various test stages in patients with chronic WAD ei-
ther (17). Based on the results of the former and latter 
studies, we suggest that the clinical picture of WAD is 
a presentation of sensorimotor incongruence caused by 
disturbances in sensory and motor system function. This 
could explain why patients with WAD experience an 
exacerbation of symptoms when the incongruence in-
creases (through hiding a moving limb or distorting vi-
sual feedback). These results are indicative of an altered 
perception of distorted visual feedback and changes 
in sensorimotor central nervous processing in patients 
with WAD. 

The notion that cortical mechanisms are involved 
in the origin of pain is substantiated by the results of 
neuroimaging studies. Several brain regions, including 
the primary and secondary somatosensory cortices, the 
insula, the anterior cingulate cortex, the amygdala, the 
prefrontal cortex, and the thalamus are activated dur-
ing pain perception (41). Acute experimental pain can 
cause functional reorganization of the somatosensory 
cortex (42), and brain processing differs between acute 
and chronic pain. In chronic pain, the somatosensory 
cortex is subjected to neuronal plasticity. Changes in 
sensorimotor areas have been documented in a variety 
of chronic pain conditions such as phantom limb pain, 
chronic low back pain, and complex regional pain syn-
drome (43-45). This sensorimotor remapping may cor-
rupt the motor output and hence, provoke incongru-
ence between predicted and actual sensory feedback. 
Inducing sensorimotor incongruence, through distort-
ing visual feedback of a moving limb, can worsen pain 
and other sensations in patients with fibromyalgia, 
complex regional pain syndrome, and chronic WAD 
(17,20,25). 

Due to peripheral sensitization, which is a normal 
protective mechanism preventing use and further dam-
age of injured regions, the afferent input may increase 
in the acute stage after whiplash trauma.  As a result, 

changes in cortical organization of the somatosensory 
cortex may occur and may influence processing in other 
brain areas. This could signal incongruence between 
sensory feedback and motor output. If this incongru-
ence between sensory input and motor output persists 
and the extent exceeds the individual threshold, pain 
and other sensations may be generated explaining the 
exacerbation of pain and other symptoms during the 
performance of the test stages in the acute WAD group. 

In contrast, no significant differences in frequency 
of sensations were observed between the congruent 
test and control stages and between the IW and IC 
stages. Only during the IM stage (i.e., the stage with 
the highest level of incongruence) did the acute WAD 
group report significantly more sensations compared 
to the IC stage. However, reducing the visual input of 
a moving limb (via using a whiteboard) seems to be 
sufficient to exacerbate symptoms, yet insufficient to 
increase the frequency of sensations. Further, the fre-
quencies and intensities of sensations were not differ-
ent between the various test stages in the acute stage 
after injury. This could be explained by the heterogene-
ity of the acute WAD group. 

While the current study demonstrated that suscep-
tibility to visually mediated changes between sensory 
feedback and motor output occurs soon after whiplash 
trauma, the course and prognostic value of this suscep-
tibility to sensorimotor incongruence is not yet clear. 
This may be an interesting issue for further research. 
It is possible that these changes, suggestive of altered 
sensorimotor central nervous processing, occur only in 
a subgroup of patients with acute WAD. A prospective 
longitudinal study with an expanded study population 
is needed to investigate if those with a lowered thresh-
old to visually mediated sensorimotor incongruence in 
the acute stage are at risk to develop persistent pain 
and disability. It is likely that these disturbances in sen-
sorimotor central nervous processing occur within one 
month of injury and persist in those who develop on-
going pain and disability. Our previous work in chronic 
WAD supports this hypothesis; the patients with chronic 
WAD included in this study mostly suffered from mod-
erate/severe pain and disability (17).      

In addition, there is evidence of generalized hyper-
sensitivity indicating changes in central pain processing 
soon after injury in patients with persistent moderate/
severe symptoms at 6 months after whiplash injury (28). 
These disturbances in central sensory system function 
may be associated with sensorimotor incongruence. It 
will be interesting to explore if those patients who dis-
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play changes in the central mediation of pain also dem-
onstrate disturbances in central sensorimotor nervous 
processing. Further studies should examine whether 
these changes underlie 2 distinctive mechanisms or are 
part of the same underlying mechanism.

Pattern of sensations in patients with acute 
and chronic WAD and controls

The evolution in intensity of sensations was signifi-
cantly different between the WAD and control groups 
during the congruent as well as the incongruent stages. 
Across the congruent stages, there was a rising curve 
for both WAD groups and a flat curve for the control 
group. Across the incongruent stages, the rising curve 
in intensity of sensations was also found for the control 
group. However, the location of increase was different 
among the groups. In the control group the strongest 
increase was observed between the IW and IM stages, 
while in both WAD groups the strongest increase was 
found between the control and whiteboard stages. 
These results indicate vulnerability to distorting the vi-
sual feedback of a moving limb in patients with acute 
as well as chronic WAD. The effects remain even when 
gender was put in the model as a covariate. Gender had 

no effect on the pattern of sensations in response to 
sensorimotor incongruence.

Conclusion

In conclusion, patients with acute WAD present an 
exacerbation of symptoms and additional sensations in 
response to visually mediated changes during action. 
These results indicate an altered perception of distort-
ed visual feedback and suggest altered central nervous 
system processing in patients with acute WAD. Further 
research is needed to investigate whether these chang-
es occur in a subgroup of patients with acute WAD who 
develop chronic pain and disability.   
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