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Abstract

Purpose  We wanted to explore the specific propriocep-
tive effect of cervical pain on sensorimotor control. Sen-
sorimotor control comprises proprioceptive feedback,
central integration and subsequent muscular response. Pain
might be one cause of previously reported disturbances in
joint kinematics, head on trunk orientation and postural
control. However, the causal relationship between the
impact of cervical pain on proprioception and thus on
sensorimotor control has to be established.

Methods FEleven healthy subjects were examined in their
ability to reproduce two different head on trunk targets,
neutral head position (NHP) and 30° target position, with a
3D motion analyser before, directly after and 15 min after
experimentally induced neck pain. Pain was induced by
hypertonic saline infusion at C2/3 level in the splenius
capitis muscle on one side (referred to as “injected side”).
Results  All subjects experienced temporary pain and the
head repositioning error increased significantly during head
repositioning to the 30° target to the injected side
(p = 0.011). A post hoc analysis showed that pain inter-
fered with proprioception to the injected side during acute
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pain (p < 0.001), but also when the pain had waned
(p = 0.002). Accuracy decreased immediately after pain
induction for the 30° target position to the side where pain
was induced (3.3 — 5.3°, p = 0.033), but not to the con-
tralateral side (4.9 — 4.1°, p = 0.657). There was no sig-
nificant impact of pain on accuracy for NHP. A sensory
mismatch appeared in some subjects, who experienced
dizziness.
Conclusions Acute cervical pain distorts sensorimotor
control with side-specific changes, but also has more
complex effects that appear when pain has waned.

Keywords Neck pain - Proprioception - Position sense -
Sensorimotor - Dizziness

Introduction

Cervical pain is assumed to be associated with impaired
sensorimotor control (Treleaven 2008). Although there are
several reports on changes in muscle spindle sensitivity
(Hellstrom et al. 2005; Masri et al. 2005; Thunberg et al.
2001) and muscle activation (Johansson and Sojka 1991;
Passatore and Roatta 2006), the causal relationship
between the sensory impact of cervical pain and altered
sensorimotor control remains to be established.

Orientation and perception of head position in relation to
trunk and in space is dependent on integration of several
sensory pathways (Cui et al. 2009). Sensorimotor control
depends on proprioception, central nervous processing and
integration with vestibular and visual cues, weighted
against volition and cognition in a continuous feedback
with feedforward action and subsequent motor response
(Falla et al. 2004a; Gurfinkel et al. 1988; Wolpert et al.
1995).
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The multifold of proprioceptive input from joint cap-
sules, ligaments and muscles in the upper cervical seg-
ments indicates the special importance of this body-region
for sensorimotor control (Boyd-Clark et al. 2002; Holm
et al. 2002; Richmond and Bakker 1982; Richmond et al.
1999; Voss 1971; Wyke 1979). Proprioception contributes
with sufficient information for continuously adjusted fine-
tuned, segmental spinal movements (Holm et al. 2002).
Besides the importance on segmental movement control,
cervical proprioception contributes to correct head in space
and on trunk orientation (Armstrong et al. 2008), as well
as to correct body orientation and balance control
(Kavounoudias et al. 1999). Therefore, cervical proprio-
ception is important to consider in analyses and treatment
of patients with neck pain disorders. Knowledge about how
much the pain per se and how much other consequences of
a neck pain disorder impact on proprioception is, however,
not sufficiently explored. The highly specific interaction
between the cervical proprioception, vestibular and visual
systems indicates the important collaboration between
these systems (Mergner and Rosemeier 1998; Sugita et al.
2004), where adequate proprioception also contributes to
dynamic stability of the spine (Panjabi 1992). If these
sensory inputs do not concur, this might result in a sensory
mismatch, leading to dizziness as a consequence (Reason
1978). Sensory mismatch based on presumed cervical ori-
gin is considered to be caused by impaired cervical pro-
prioception and entitled cervicogenic dizziness (Brandt and
Bronstein 2001). Several studies suggest this to be the case
in at least some patients with neck pain and dizziness
(Bracher et al. 2000; Heikkila et al. 2000; Karlberg et al.
1996a, b; Malmstrom et al. 2007; Reid et al. 2008; Tre-
leaven et al. 2003; Wrisley et al. 2000). Impaired postural
control as a presumed consequence of sensory mismatch is
reported in patients with cervical pain (Falla and Farina
2008; Karlberg et al. 1995; Michaelson et al. 2003; Persson
et al. 1996; Stapley et al. 2006; Treleaven 2008; Vuillerme
and Pinsault 2009).

The impact of pain has experimentally been studied in
several studies. Pain has been induced in the neck-
shoulder region (Falla et al. 2007; Madeleine et al. 1999;
Vuillerme and Pinsault 2009), in yaw (Capra and Ro
2000; Masri et al. 2005), in upper extremities (Ervilha
et al. 2004b; Korotkov et al. 2002; Le Pera et al. 2001),
in lumbar region (Hodges et al. 2003) and in lower
extremities (Bennell et al. 2005; Farina et al. 2005;
Matre et al. 2002). These studies have addressed changes
in muscle activity and movement control (Ervilha et al.
2004b; Falla et al. 2007; Farina et al. 2005; Hodges
et al. 2003; Madeleine et al. 1999), central nervous
modulation (Capra and Ro 2000; Farina et al. 2005;
Korotkov et al. 2002; Masri et al. 2005) and postural
control (Vuillerme and Pinsault 2009). Two studies
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explored the effect of induced pain on repositioning
ability for lower extremities (Bennell et al. 2005; Matre
et al. 2002). They found no detectable changes after pain
induction, and Matre and co-workers (2002) suggested
this to be due to a robustness in proprioception in the
lower extremities. To the best of our knowledge, this is
the first study to explore the effect of induced cervical
pain on repositioning ability.

It is difficult to quantify both pain and sensorimotor
control. While pain may be described and graded subjec-
tively, sensorimotor control is harder to fathom. Head
repositioning tests have made indirect evaluation of pro-
prioception possible (Lee et al. 2006; Loudon et al. 1997,
Revel et al. 1994; Swait et al. 2007). However, results are
diverging, while some studies have reported decreased
sensorimotor control in subjects with cervical pain (Feipel
et al. 2006; Loudon et al. 1997; Revel et al. 1991; Sterling
et al. 2003b; Treleaven 2008; Treleaven et al. 2003), other
studies have reported smaller repositioning errors com-
pared to controls, in subclinical neck pain (Kristjansson
et al. 2003; Lee et al. 2008). In addition, other studies
report no measureable impact on cervical proprioception in
conditions with cervical pain (Armstrong et al. 2005; Rix
and Bagust 2001; Teng et al. 2007; Woodhouse and
Vasseljen 2008).

Such conflicting results suggest both a multifaceted
nature of cervical pain (Falla 2004) and possible diverse
mechanisms to the variations of sensorimotor control.
For example, muscle fatigue and/or muscle tension
(Malmstrom et al. 2010; Pedersen et al. 1999) and central
nervous modulations (Capra and Ro 2000; Farina et al.
2005; Madeleine et al. 1999) may alter sensorimotor
control, the pain itself may interfere with muscle activity
(Falla et al. 2007; Sterling et al. 2003b) or adaptation in
movement strategy (Cote and Hoeger Bement 2010) and
persistent muscle pain may cause morphological changes
in muscle composition (O’Leary et al. 2009; Uhlig et al.
1995). Also, the cause of the pain might be considered to
have an effect on sensorimotor control, as may the time
course, i.e. if pain is acute, sub-acute or persistent. Thus,
a multitude of causes, single or in concert may have
impact on cervical proprioception and thus sensorimotor
control.

The aim was to explore the specific effect of acute
cervical pain on cervical proprioception. We also wanted to
explore if possible effects were limited to the pain-induced
side and if there were any after-effects. Pain can be
introduced experimentally by an intramuscular injection of
hypertonic saline (Ervilha et al. 2004b; Falla and Farina
2008; Madeleine et al. 1999). Saline acts on nociceptors
without affecting electrophysiological properties of the
muscle (Farina et al. 2005) and with no effects of the
volume of the bolus per se (Falla et al. 2007), thus,
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Table 1 Characteristics of the volunteers; age, cervical range of
motion (CROM), needle depth of the saline injection and activity
level

Median (minimum-maximum)

Age 24 (19-33)
CROM, right rotation (°) 74 (66-86)
CROM, left rotation (°) 75 (70-86)
Needle depth (mm) 28 (20-35)
Activity level 1 2 3 4
Occupational 1 8 2 0

Spare-time 0

Physical activity level: [ sitting, 2 light, 3 regular, 4 heavy

resembling a condition with muscular pain without other
specific impairments (Madeleine et al. 1998).

The hypothesis was that pain of cervical origin has a
direct effect on cervical proprioception and that this impact
is side-specific.

Methods
Subjects

We studied eleven healthy young subjects (19-33 years),
six men and five women (Table 1). The subjects were
recruited through advertisement and were compensated
with approximately 85 € for participation. All subjects
were informed that they could stop the test at any time and
for any reason. Twelve subjects were recruited to the study.
One woman did not accomplish the test, due to presyncope,
blurred vision and dizziness in connection to the saline
infusion. Twenty minutes after the infusion she reported no
pain and no other symptoms. The study conforms to the
standards set by Declaration of Helsinki, 2004 and was
approved by Regional Ethics Review Board (411/2006),
Lund University, Lund, Sweden.

Eligible subjects stated themselves as healthy and had
no current neck pain and no constant or intermittent neck
disability. The ‘neck-healthy’ statement was confirmed by
a brief physical examination performed by a physiothera-
pist (EMM) (palpation of mm trapezius, levator scapulae,
sternocleidomastoid, suboccipital muscles; screening by
segmental motion of higher cervical levels and the cervico-
thoracic junction) and by measuring cervical range of
motion (CROM) in horizontal rotation with the Zebris®
device (Table 1). The subjects performed four reciprocal
maximal CROM and mean values were calculated. The
subjects were all right-handed and also stated their physical
activity level (Table 1).

Before the test procedure, the subjects were informed in
writing and then they received uniform instructions ver-
bally by the test leader, reading aloud from a manual.

After the short examination and CROM test, the subjects
were introduced to the position tests during one first test,
for familiarization, not used in analyses.

Experimentally induced muscle pain

A bolus of 0.5 ml 5 % preservative-free sterile hypertonic
saline infusion (Natrii chloridum, 50 mg/ml, aqua ad ini-
ectabilia) was injected in the paraspinal muscle at C2/3-
level on the left side (referred to as “injected side”), most
likely the splenius capitis muscle (Kamibayashi and
Richmond 1998) during approximately 5 s (Fig. 1). Iden-
tification of the splenius muscle was made by palpation,
first identifying the lateral rim of the trapezius muscle
during arm abduction. Thereafter, during a head protrusion/
forward movement, the splenius muscle was identified
between the trapezius and sternocleidomastoid muscles,
and the location for needle insertion was marked with a
pencil on the overlying skin. The site was double-checked
before injection, both by palpation by another tester but
also by inserting a hypodermic needle (37 mm x 27G;
Cardial Health; 5225 Verona Road; Building 2; Madison,
WI 53711 USA) connected to an EMG-amplifier (Manu-
factured for Allergan, Inc.; 2525 Dupont Drive; Irvine;
California 92715; USA), with continuous EMG-recording.
When the typical EMG-recording from a muscle at rest
(low frequency “bursts”) was obtained, the patient was
again instructed to make a head protrusion. An increase in
the frequency of the “EMG bursts” was regarded as an
indication that the tip of the needle was inside the splenius
muscle (Fig. 1). This needle was also used for the
saline injection; needle depth was measured afterwards
with a ruler (Table 1). Immediately after the saline infusion
(in connection to position test ‘after I'), the subjects
stated the pain intensity to be 53(23) mm [mean (SD)]
on a visual analogue scale (VAS: 0 mm = no pain,

Fig. 1 Location and procedure of injection of the bolus of hypertonic
saline infusion in the muscle
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100 mm = maximal pain) (Bijur et al. 2001) (n = 11).
They also reported the localization of experienced pain on
a body chart (Fig. 2). All subjects reported pain localized
to the site of injection. Eight of eleven subjects also
reported referred pain (up/down from the site of injection/
left forehead) (Fig. 2). Other sensations were also probed
in an open question. Four subjects then reported either
dizziness (1/11), unsteadiness (1/11), nausea (1/11) or
presyncope (1/11).

In connection to performing the ‘after I’ test (15 min
after the injection) they again reported pain intensity level
(n = 9/11, for two subjects recordings were lost). The
subjects then stated pain to be 4 (6) mm on a VAS.

After the test procedure, before leaving, no subject
suffered from pain when we explicitly asked them and no

Fig. 2 Body chart with reports
of the localization of
experienced pain, n = 11

other consequences were reported. A short-written home
programme was introduced with movement exercises, for
cervical mobility and muscle stretch.

Test of position sense

In order to test possible proprioceptive effects of cervical
pain on sensorimotor control, the head repositioning ability
was tested before (test before) and after (test after I, test
after II) the pain induction, ‘pain state’. Repositioning
ability was tested by letting the subjects reproduce two
goals (‘target’ positions), 30° target in horizontal rotation
and neutral head position (NHP) as accurate as possible
(Lee et al. 2006; Loudon et al. 1997; Malmstrom et al.
2010; Revel et al. 1991). ‘Test after I" was started
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immediately after the pain induction and ‘test after II’ was
started 15 min after pain induction.

The head position tests were recorded by a 3D motion
analyser Zebris® (Zebris®-CMSHS, with software Win-
Spine, version 1.78; Zebris Medizintechnik GmbH, Isny,
Germany) (Dvir and Prushansky 2000; Lee et al. 2006)
which consists of a helmet and a shoulder cap, each fitted
with three ultrasound microphones. The helmet was
attached on the subject’s head, and the shoulder cap was
attached to the right shoulder. The ultrasound microphones
on the helmet and shoulder cap received signals from three
transmitters on a frame positioned approximately 1 m to
the right of the subject. The sampling frequency was
50 Hz. The Zebris® measures distances to the microphones
according to the principle of the timing of the intervals
between the emission and the reception of ultrasound
pulses. The absolute 3D coordinates are then calculated by
triangulation.

The subjects were asked to sit on a stool with 10° slope
in an upright position. Before the position test, the subjects
made the four reciprocal, maximum cervical horizontal
rotations to both sides to check for correct device appli-
cation and to confirm that the CROM values were within
normal limits (Table 1) (Malmstrom et al. 2003). More-
over, we wanted to ensure that the 30° target positions were
far from end range, i.e. without confounding information
from tight structures.

The position test started by determining NHP for each
subject, by asking them to focus on a point at 2.5 m in front
and leveled with the eyes. The subjects were encouraged to
recall this position. Then the subjects were blind-folded
and asked to close their eyes (Marx et al. 2003). Thereafter,
they focused on keeping head in NHP, to which the
Zebris® was calibrated (zero, 0°, in Zebris® registration).
This position was regarded as reference NHP (refNHP) in
all recordings in each trial.

Thereafter, the 30° target (ref30°) on one side and the
NHP (refNHP) were introduced together. The side to start
with was randomized and the procedure repeated for the
other side. The test leader introduced the targets by moving
the subjects head with the hands, guided by real time
recording in Zebris®. The subjects were verbally informed
when goal positions were attained and each position was
held for a couple of seconds. The subjects were explicitly
asked to remember the target positions. After the intro-
duction the subjects reproduced the target positions six
times at their own pace (30° target on one side and back to
NHP in the same performance). The subjects signalled
manually, by pressing a manometer connected to the
Zebris®, when they considered themselves to be at the
target positions. The entire procedure was repeated for each
‘Pain state’.

The subjects made one repositioning test, both sides and
both target positions (30° target, NHP) before the test was
started, for familiarization. This test was not used in
analyses.

All analyses were done on the differences between the
reproduced target positions in relation to the introduced
positions, i.e. tar30°g. tar30° — ref30° and tarNHPg =
tarNHP — refNHP, respectively.

Data processing and statistical analyses

Each subject was represented by their constant error (CE)
of each trial set as a measurement of accuracy and direc-
tional bias and by their variable error (VE) as a measure-
ment of trial-to-trial variability within six reproduced
positions in each trial set (Lee et al. 2006). Constant error
was the mean error of six signed differences in each trial
set. We considered a value as overshoot (signed positive)
when the reproduced position passed the introduced posi-
tion and as undershoot (signed negative) when the repro-
duced position underestimated the introduced position and
subjects stopped short of the target. Variable error was the
standard deviation (SD) of six signed differences of each
trial set. Non-parametric statistical tests were used for CE
and VE as the Shapiro—Wilk test showed that some of the
data sets were not normally distributed.

The following main factors and their interactions were
investigated with a full factorial GLM univariate ANOVA
(General Linear Model univariate Analysis of Variance)
test on CE and VE including main factors:

‘Pain state’: before pain, immediately after pain induc-
tion or 15 min after pain induction, degrees of freedom (df)
2; ‘Side’: movement to the injected or non-injected side,
side for the 30° target is denoted towards the side it is
approached and NHP from the side it is approached, df 1;
‘Target’: target position of 30° or NHP, df 1.

The following main factors and their interactions were
investigated with a full factorial GLM univariate ANOVA
test on all head reposition assessments made (11 subjects
assessed under three ‘Pain state’ conditions, two sides, two
target positions (tar30°g and tarNHPg), and six repeated
assessments at each trial condition = 792 values):

‘Pain state’: before pain, immediately after pain induc-
tion or 15 min after pain induction, df 2; ‘Side’: movement
to the injected or non-injected side, side for the 30° target is
denoted towards the side it is approached and NHP from
the side it is approached, df 1; ‘Target’: target position of
30° or NHP, df 1; ‘Reposition‘: order of the six reproduced
positions in each trial set, ranging from 1 to 6; df 5).

The Wilcoxon matched-pairs signed-rank test (two-
tailed) was used for statistical evaluation of the CE and VE
parameter differences between test conditions and for the

@ Springer



2492

Eur J Appl Physiol (2013) 113:2487-2499

statistical comparisons between test conditions in the GLM
ANOVA post hoc tests.

In the analysis, p values <0.05 were considered statis-
tically significant.

All statistical tests were performed using SPSS 19.0
software (SPSS Inc., Chicago, IL, USA).

Results

Head repositioning analysis of accuracy based on CE
evaluation

Immediately after pain induction (‘after I’) constant error
(CE) was increased for the 30° target position ipsilateral to
the side where pain was induced compared with ‘before’
values (p = 0.033), but not for the contralateral side
(p = 0.657). After 15 min (‘after II’) there was no
significant effect compared with ‘before’ values, neither
ipsi- nor contralateral to the side where pain was
induced (p = 0.155 injected side, 0.424 non-injected side)
(Table 4).

No significant effects were found for NHP, neither for
‘after I’, nor for ‘after II’ when these ‘Pain states’ were
compared with ‘before’ (Table 4).

Univariate analysis of accuracy based on CE evaluation

Univariate analysis of CE showed significance for the
‘Target’ position factor, i.e. larger errors for 30° target
position (4.4°) than for NHP (0.9°) (p < 0.001). No other
main factors or interactions between main factors were
significant.

Head repositioning analysis of variability based on VE
evaluation

Variable error (VE) was not significantly affected by ‘Pain
state’, neither for the 30° target position, nor for NHP
(Table 4).

Univariate analysis of variability based on VE
evaluation

Univariate analysis of VE showed significance for ‘Target’
position factor, i.e. larger errors for 30° target position
(2.5°) than for NHP (1.9°) (p < 0.001). No other main
factors or interactions between main factors were
significant.

Univariate analyses including all factors defined

Univariate analysis revealed that the main factor ‘Reposi-
tioning’, representing the order of the different repositi-
onings (1-6), had neither as a main factor alone
(p = 0.955) nor in interaction with other factors any sig-
nificant influence on the recorded head position. That
means that repeated repositioning of the head to the same
position under the same condition gave similar results
(Table 2).

Other main factors that alone showed significant
influence were ‘Side’ and ‘Target’ (Table 2). ‘Side’
(injected and non-injected) had significant (p = 0.015)
influence on the accuracy to reproduce the head position.
‘Target’ for the head repositioning (tar30°g and tarNHPg)
had significant (p < 0.001) influence on the accuracy to
reproduce the head position. Univariate analysis revealed
that the factors ‘Pain state’, ‘Side’ and ‘Target’ interacted
significantly (Table 2). Therefore, a second set of GLM
ANOVA analyses were performed on the individual data
from the 30° and NHP target repositioning separately
(Table 3).

Univariate analysis of 30° target data

The separate univariate analysis of the 30° target position
(Table 3) demonstrated that tar30°g was significantly
(p = 0.003) influenced by ‘Pain state’, with the lowest
error found ‘before’ pain induction (mean 3.2°), with
increased repositioning error immediately after pain
induction, ‘after I’ (mean 4.7°) and further increased
repositioning error 15 min after pain induction, ‘after II’
(mean 5.4°).

Table 2 Statistical evaluation of head repositioning using the GLM univariate ANOVA method. The factor interactions not displayed were not

significant

Head repositioning

Pain state Side Target Reposition Pain state x Target Side x Pain state x Target
p value 0.109 [2.2] 0.015 [5.9] <0.001 [101.7] 0.955 [0.2] 0.006 [5.2] 0.003 [5.7]

Pain state before pain, immediately after pain induction or 15 min after pain induction; Side movement to the injected or non-injected side;
Target target position of 30° or NHP; Reposition order of the six reproduced positions in each trial set, ranging from 1 to 6; Pain state x Target
interaction between ‘Pain state’ and ‘Target’; Side x Pain state x Target interaction between ‘Side’, ‘Pain state’ and ‘Target’

p values and F values (squared parenthesis) are presented
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Table 3 Statistical evaluation of 30° target and NHP, using the GLM
univariate ANOVA method

p value

Pain state Side Pain state x Side
30° target 0.003 [5.9] 0.013 [6.2] 0.011 [4.6]
NHP target 0.501 [0.7] 0.386 [0.8] 0.131 [2.0]

p values and F values (squared parenthesis) are presented

The ‘Side’ towards which repositioning were done,
significantly (p = 0.013) influenced the recorded head
repositioning error, with smaller error when repositioning
the head to the side which was injected (mean 3.8°) than to
the contralateral side (mean 5.1°).

However, the significant (p = 0.011) interaction
between ‘Pain state’ and ‘Side’ demonstrated that the
largest change in head repositioning error was introduced
by the ‘Pain state’ change when repositioning the head to
the injected side.

Post hoc analysis of ‘Pain state’ considering ‘Side’ factor
for 30° target data

Injected and non-injected side combined Post hoc anal-
ysis showed significant increases of tar30°g between
‘before’ and ‘after I’ (p = 0.005) and between ‘before’ and
‘after II’ (p < 0.001). For ‘Pain state’ comparison between
‘after I’ and ‘after II’ no significance was found
(p = 0.176) (Fig. 3a).

Injected side Post hoc analysis
increases of tar30°g between ‘before’ and ‘after I
(» <0.001) and between ‘before’ and ‘after I’
(p = 0.002). For ‘Pain state’ comparison between ‘after I’
and ‘after I’ no significance was found (p = 0.847)
(Fig. 3a).

showed significant

Non-injected side Post hoc analysis showed no signifi-
cance for tar30°¢ between ‘before’ and ‘after I’
(p = 0.594), between before and ‘after II’ (p = 0.098) but
between ‘after I' and ‘after I’ (p = 0.039) (Fig. 3a).

Univariate analysis of NHP data

Univariate analysis of the NHP (Table 3) showed that
tarNHPE was not significantly influenced by ‘Pain state’,
neither when the NHP position was approached from 30°
horizontal rotation of the injected side, nor from non-
injected side (‘Side’ effect). Moreover, the interaction
between ‘Pain state’ and ‘Side’ was not significant
(Table 3).

Post hoc analysis of ‘Pain state’ considering ‘Side’ factor
for NHP data

Injected and non-injected side combined Post hoc anal-
ysis showed no significance for injected and non-injected
side combined in pair-wise comparisons (p = 0.864, 0.658
and 0.329) (Fig. 3b).

Injected side Post hoc analysis showed no significance
for injected side in pair-wise comparisons (p = 0.099,
0.146, 0.602) (Fig. 3b).

Non-injected side Post hoc analysis showed no signifi-
cance for non-injected side in pair-wise comparisons
(p = 0.055, 0.296, 0.386) (Fig. 3b).

Discussion

Experimentally introduced unilateral cervical pain affects
the ability to perform a head on trunk reposition test and
this probably reflects a pain-associated distortion of cer-
vical proprioception. The clinical implication of this find-
ing is that cervical pain per se has a definite role in
proprioception and thus sensorimotor control in the neck
and subsequently possibly affects orientation.

The episode of pain changed cervical orientation ability
in a complex way. The normal overshoot, seen before pain
was inflicted, increased significantly for the 30° target
position after saline injection towards the side, where pain
was induced. Accuracy, in terms of increased CE (Constant
Error), was significantly impaired for this target position
(Table 4). Furthermore, the univariate analysis including
all main factors suggested that pain interferes with pro-
prioception both in acute pain, but also when the pain had
subsided (Tables 2, 3; Fig. 3a).

NHP and 30° target position

The results advocate the two target positions to address
different skills in head repositioning tests. The impact of
pain was detected in the 30° target position, but not in
NHP. Earlier results have reported the lack of correlation
between repositioning ability for NHP and positioning
during active cervical movement (Swait et al. 2007), sug-
gesting different mechanisms in the different test situa-
tions. The 30° target position can be considered a more
kinaesthetic test, putting higher demands on the proprio-
ception from the muscles. Enhanced sensations by oscil-
lations during a reposition test leading to decreased CE
values have also put light on the importance of kinaesthetic
information for the 30° target position (Malmstrom
et al. 2009). Hence, providing increased proprioceptive
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Fig. 3 a Post hoc analysis of a
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information during the introduction towards a target might
increase the sensitivity of the actual movement and posi-
tioning, and thus improves proprioception and thus senso-
rimotor control. Still, others have found NHP, but not the
30° target position, to detect differences between patients
and controls (Kristjansson et al. 2003). We state from our
results that distorted information from experimentally
induced muscle pain does not seem to affect NHP. The
higher accuracy and lower variability for the NHP under
normal conditions suggest NHP to be less prone to be

@ Springer

affected also in the acute ‘Pain state’. Neutral head position
seems to be more robust, utilizing other inputs besides the
kinaesthesia, in orientation of head on trunk as a reference
midpoint (Gurfinkel et al. 1992).

Constant error, variable error and GLM ANOVA
Assessment of CE and VE has previously been established

as means to evaluate cervical proprioception (Allison and
Fukushima 2003; Lee et al. 2006; Swait et al. 2007). In the
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Table 4 Constant error (CE) and variable error (VE) for 30° target (30°) and neutral head position (NHP), n = 11
Before After I After 11 p value
B) (AI) (AID) B-AI B-AIl AI-AIl
CE ()
30°
Inj 3.3 (=2.1t05.0) 53 (3.3 t0 7.8) 4.6 (221t09.2) 0.033 0.155 0.929
Non-inj 49 (-1.0to 11.1) 4.1 (—1.2t07.8) 4.6 (2.9 t0 9.0) 0.657 0.424 0.374
NHP
Inj 1.2 (—-1.3t04.2) —1.8 (—2.9 to 6.0) —0.3 (—3.0 to 4.0) 0.594 0.534 0.859
Non-inj —04 (—1.8 to 4.1) 1.5 (0.3 to 2.6) 1.1 (—0.4 to 3.2) 0.374 0.859 0.533
VE (°)
30°
Inj 2.9 (1.8 to 3.5) 2.7 (1.8 to 3.6) 1.9 (1.4 to 2.4) 0.790 0.091 0.050
Non-inj 2.3 (1.9 to 2.9) 2.0(1.4t034) 2.7 (2.1to 3.1) 0.859 0.286 0.374
NHP
Inj 1.2 (0.9 to 1.8) 1.6 (1.3 to 1.8) 1.5 (1.4 to 2.4) 0.477 0.110 0.286
Non-inj 1.9 (1.7 to 2.7) 2.0 (1.0 to 2.5) 1.5 (1.3 t0 2.5) 0.328 0.534 1.000

Injected (Inj) and non-injected (non-inj) sides are reported separately. Side for the 30° target is denoted towards the side it is approached and

NHP from the side it is approached

Median values, 25-75th percentiles are presented; Wilcoxon Signed Ranks test is used in comparison between ‘before’, ‘after I' and ‘after II’

Before before the injection, After I directly after injection, After II 15 min after injection

CE and VE calculations, where CE represents error with
directional bias and accuracy while VE represents vari-
ability, each subject is represented by one CE and VE value
for each side and target of every trial set.

The CE and VE values before and after pain induction
demonstrated changes in proprioception immediately after
pain induction, reflected by significant change in CE. The
univariate analyses, using at most 792 recorded values,
however, may suggest that pain interfered with sensori-
motor control in a more complex way. Still, the univariate
analyses corroborated the observed impact on sensorimotor
control found in CE analysis. There were no significant
effects of test order found in the univariate analyses, which
also is in line with previous reports on the absence of
learning effects, drop in attention and fatigue in similar
tests (Rix and Bagust 2001). For a stable result, six repo-
sitionings in every trial set have earlier been advocated
(Allison and Fukushima 2003; Swait et al. 2007).

Impact of pain

Impaired sensorimotor responses were demonstrated
towards the painful side in the acute-state of pain, as well
as impaired sensorimotor response in the post-‘Pain state’,
although with less prominent side difference than during
pain.

The change in CE indicates an induced proprioceptive
asymmetry in the acute-state of pain for 30° target position.
The significantly impaired accuracy immediately after pain

induction could not be explained by bias, due to the lesser
median of CE values to left versus right at baseline, i.e.
3.3° compared to 4.9 (Table 4), and post hoc analyses
corroborated the results to be an impact of pain rather than
caused by an intrinsic side difference (p value 0.213).
Sterling and co-workers (2003a) suggested the side of pain
to be a possible explanation for side-specific changes in a
population of subjects with cervical symptoms after neck
trauma. Furthermore, Falla and co-workers (2004b)
reported superficial muscles on the same side as the cer-
vical pain to be easier fatigued.

The changes in tar30° immediately after pain induction,
but also in the post-‘Pain state’, raise the question if the
pain affects locally or centrally. The results can possibly be
attributed to local inhibition [less accuracy, i.e. increased
CE in comparison before and ‘after I’, with retained vari-
ability, i.e. stable VE (Table 4)]. As seen in the latter stage,
there is tendency of reduced variability, i.e. decreased VE
between ‘after I’ and ‘after II’, injected side (p = 0.050;
Table 4) with increasing changes of TARg (successive
increases in the univariate analysis for tar30°g, injected and
non-injected side combined, Fig. 2a). Earlier studies have
reported movement control changes (Ervilha et al. 2004b;
Falla et al. 2007; Farina et al. 2005; Hodges et al. 2003;
Madeleine et al. 1999), as well as central modulation in
experimental pain states (Capra and Ro 2000; Farina et al.
2005; Korotkov et al. 2002; Masri et al. 2005).

With the knowledge that there is a harmonized activa-
tion of different muscular layers (Blouin et al. 2007), one
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might consider other muscles to be affected. The moment
arms of the ipsilateral splenius, rectus capitis major and
obliques inferior muscles are suitable for rotation in the
upper cervical region (Vasavada et al. 1998). The inhibi-
tion of the suboccipital agonist muscles in conditions with
pain might be explained by sympathetic influence on type I
fibres (Roatta and Farina 2011), the predominant muscle
type in these muscles (Richmond et al. 1999), additionally
abundantly provided with muscle spindles (Voss 1971),
and even considered as proprioceptive monitors (McPart-
land and Brodeur 1999). The minor, deeper suboccipital
muscles have a much larger density of muscle spindles than
the larger, more superficial cervical muscles, i.e. the sple-
nius muscle (Voss 1971). Still, even larger muscles have
experimentally been proved to detect movements of frac-
tions of a degree (Wise et al. 1999) and, therefore, we
cannot deduce whether the results derive from the affected
splenius alone, from overspill to other muscles or from
central changes, or from a combination. However, we can
conclude that pain induction causes changes in proprio-
ception and thus impact sensorimotor control.

Neck pain and postural control

Postural control depends on visual, vestibular and propri-
oceptive information, modified in the central nervous sys-
tem and executed by motor responses from selected
muscles. There is well known interaction between cervical
proprioception, vestibular and visual information, neces-
sary for optimal orientation and postural control (Karlberg
et al. 1996a, b; Mergner et al. 1993; Persson et al. 1996;
Ruhe et al. 2011; Treleaven 2008; Vuillerme and Pinsault
2009). This interaction becomes even more evident when
vestibular or visual information fails (Malmstrom et al.
2009; Maurer et al. 2000).

We found neck pain to be capable to impair proprio-
ception in terms of head on trunk orientation. Neck muscle
fatigue/tension has also been reported to alter propriocep-
tion as well as postural control (Malmstrom et al. 2010;
Schieppati et al. 2003; Vuillerme and Pinsault 2009).
Taken together, this implies that neck pain may be con-
sidered in postural complaints. If cervical proprioception is
affected due to pain, this might cause sensory mismatch or
disinformation that impairs postural control.

Cervicogenic dizziness

Cervical dizziness is a debated entity (Brandt 1996). The
hypothesis on its aetiology considers a proprioceptive or
sensorimotor misalignment with vestibular and visual cues
(Brandt and Bronstein 2001), the pivotal factor being dis-
torted cervical proprioceptive information (Brandt and
Bronstein 2001; Lystad et al. 2011; Malmstrom et al. 2007,
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Reid and Rivett 2005; Wrisley et al. 2000). Here, pain
induction caused a cervical proprioceptive disturbance.
Four of the subjects also reported disturbed balance or
dizziness. Thus, cervical pain induction led to disturbed
proprioception, i.e. affecting orientation, and in 4/11 sub-
jects a perception of dizziness. Therefore, it is feasible to
assume that cervical pain may be a cause for both propri-
oceptive disturbances and perceived imbalance or dizzi-
ness, at least in some subjects. One may hypothesize that
some people are more sensitive to disturbed propriocep-
tion, analogous to visual dependency (Isableu et al. 2003).
As the demands on perception of motion are context-
dependent (Mergner et al. 1993) and may change after
lesions or during ageing (Di Fabio and Emasithi 1997,
Isableu et al. 2003; Patel et al. 2010), sensitivity due to
cervical disturbances might be different in different indi-
viduals. This assumption could explain why some people
experience ‘cervicogenic dizziness’ in conditions with
neck pain, while most do not.

Clinical consequences: the impact of pain

The main function of pain is to prevent tissue overload or
damage. Here it would correspond to reduction of mus-
cular activity in painful muscles (Falla et al. 2007; Farina
et al. 2005; Farina et al. 2004; Le Pera et al. 2001;
Thunberg et al. 2005) with a shifted activity from deeper
painful to more superficial muscles (Falla and Farina
2008). One may hypothesize that in cervical pain such a
shift may interfere with normal proprioception. Proprio-
ception and subsequent motor control is important for
joint stability (Panjabi 1992), but also for orientation and
postural control during motion (Peterka 2002). The
impaired ability to sense movements can be one possible
explanation why pain maintains itself and becomes per-
sistent. Interference of the motor planning due to impaired
sensory inputs can lead to changed movement strategies
which can lead to further impairment (Ervilha et al.
2004a). The actual findings, together with previous stud-
ies, advocate prevention of further development of a
cervical pain condition, as well as support for reduction of
cervical pain to be important for optimal muscular per-
formance. If pain has developed, the causes should con-
sequently be analysed and addressed in treatment. The
findings do also support the importance for consideration
of previously reported pain. Retraining of the sensori-
motor function has consequently been suggested as
treatment for patient with neck pain (Armstrong et al.
2008; Jull et al. 2007; Roijezon et al. 2008), alone or in
combination with other sensory training to improve sta-
bility during motion (Treleaven 2008).

The present study demonstrates a prolonged effect of
pain on proprioception even after the pain itself had waned.
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Therefore, cervical pain has to be taken seriously, to
improve a disability both in acute and persistent conditions.

Conclusion

The results suggest that cervical pain distorts propriocep-
tion, and thus sensorimotor control in terms of accuracy of
head on trunk orientation in the acute phase with side-
specific changes, but also of a more complex and general
nature remaining after the pain has waned.

These results advocate considerations of disturbed sen-
sorimotor control of a complex nature in patients with
cervical pain.
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