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Objective: To evaluate end-point acuity in goal-directed arm 
movements in subjects with chronic neck pain, while taking 
the trade-off between speed and accuracy into account, and 
to evaluate associations between reduced acuity and self-
rated characteristics.
Design: Single-blinded, controlled, comparative group study.
Subjects: Forty-five subjects with chronic non-traumatic, 
non-specific neck pain (n = 24) and whiplash-associated dis-
orders (n = 21). Healthy subjects served as controls (n = 22). 
The groups were age- and sex-matched.
Methods: Subjects performed fast and accurate pointing 
movements to a visual target. Group differences in end-point 
variability, controlled for peak velocity, were evaluated. 
Associations between end-point variability and self-rated 
symptoms, functioning, self-efficacy and kinesiophobia were 
analysed.
Results: End-point acuity, controlled for peak velocity, was 
reduced for both neck-pain groups. Similar spatial error 
patterns across all groups indicated no direction-specific re-
duction. For both neck-pain groups, associations were found 
between end-point acuity and neck movement deficits, phys-
ical functioning and, in whiplash, also balance and pain.
Conclusion: Acuity of goal-directed arm movements can be 
reduced in chronic neck pain. Associations between acuity 
and self-rated characteristics support the clinical validity 
of the results and indicate that impaired neck function con-
tributes to reduced end-point acuity. The results can be of 
importance for characterization and rehabilitation of neck 
disorders.
Key words: neck pain, whiplash injuries, somatosensory disor-
ders, motor activity, psychomotor performance, proprioception, 
kinaesthesis, vision.
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INTRoDuCTIoN

Subjects who present with chronic neck pain often exhibit 
atypical postures and movement patterns that are obvious to 
many clinicians. With the development of modern methods for 
objective assessment of movement kinematics and dynamics, 
other, less apparent, alterations in sensorimotor control as-
sociated with neck pain have become evident. Evidence of 
such alterations includes, for example, altered recruitment 
patterns of cervical muscles (1), poor balance (2, 3) and re-
duced acuity of cervical proprioception (4, 5). on the basis 
of such findings, along with data from experimental models, 
alterations in sensorimotor function have been suggested to 
play a significant role in the pathogenesis and maintenance of 
chronic neck pain (1, 6). 

Recent studies have also shown that chronic neck pain can be 
associated with reduced proprioceptive acuity in the elbow and 
shoulder joints. Knox et al. (7) showed that elbow joint posi-
tion error was increased to a greater extent by changes in head 
and neck position in subjects with chronic whiplash-associated 
disorders (WAD) compared with healthy controls. Similarly, we 
found a reduced repositioning acuity of the shoulder in subjects 
with traumatic neck pain (8). These studies used single-joint 
ipsilateral position matching under blindfolded conditions to 
test repositioning acuity. In spite of this rather unnatural testing 
condition, the results from our laboratory revealed significant 
associations between the matching acuity and self-ratings of 
physical functioning and the ability to perform everyday tasks 
(8, Djupsjöbacka et al.1).

Everyday tasks normally require interaction with the envi-
ronment involving control of multi-joint movements in 3-di-
mensional space. Recent research has shown that the control 
of this type of movement relies on both visual and propriocep-
tive feedback (9). The fact that the control of 3-dimensional 
multi-joint movements relies on proprioceptive feedback, 
together with the findings of impaired repositioning acuity of 
the shoulder in chronic neck pain (8, Djupsjöbacka et al.1), 
implies that neck pain may also be associated with reduced 
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acuity of reaching movements. Surprisingly, to our knowledge, 
this has not been studied, although reaching movements are a 
key component of many everyday activities. Thus, the present 
study intends to extend our previous research on shoulder re-
positioning acuity by studying end-point acuity in fast pointing 
(multi-joint) movements in chronic neck pain.

Woodworth (10) was one of the first to describe the some-
what intuitive speed-accuracy trade-off in movement control: 
the faster we move, the less precise are our movements, and 
vice versa: the more severe the constraints are, the slower we 
move. This relationship was later summarized by Paul Fitts in 
a well-known model for rapid aimed movements; Fitts’ Law 
(11). Since its introduction the principles of Fitts’ Law have 
been successfully applied and extended into various domains 
(12). The speed-accuracy trade-off has been suggested to 
depend on the fact that faster movements provide less time to 
process sensory feedback and hence correct the movement, and 
the increased motor noise from the process of generating the 
movement (12). This implies that movement speed should be 
considered when assessing the acuity of goal-directed reach-
ing movements.

As mentioned above, the control of reaching movements 
seems to rely on both vision and proprioception. one model 
of how the central nervous system (CNS) integrates vision 
and proprioception to optimize motor control concerns a 
direction-dependent weighting of the sensory information 
(9, 13). Interestingly, it was demonstrated that vision appears 
to dominate movement control in the horizontal (left-right) 
direction, whereas proprioception weights more heavily than 
vision in the depth (near-far) direction (9, 13); a finding that 
challenges the classical view that the brain always relies more 
on vision. Theoretically, the increased proprioceptive weight 
in the depth direction is explained by difficulties of the visual 
system to make near-far judgments, since target depth has 
to be derived from relatively less precise estimates such as 
gaze vergence and disparity. Analyses of the spatial structure 
of the variability of reaching movements hence provide an 
opportunity for studying the mechanisms behind impaired 
reaching acuity.

When studying possible impairments in sensorimotor func-
tions from a rehabilitation perspective, it is important also to 
investigate associations between these functions and symptoms 
as well as self-rated functioning and other self-rated charac-
teristics. Such analyses can reveal the clinical relevance of 
the sensorimotor impairments as well as provide leads to the 
mechanisms behind the impairments. Here we attempt to apply 
partial least squares (PLS) regression (14, 15) for investigating 
the associations between end-point acuity and symptoms as 
well as self-rated characteristics. 

The first hypothesis of the present study was that subjects 
suffering from chronic neck pain with traumatic as well as 
non-traumatic aetiology have reduced end-point acuity (i.e. 
increased end-point variability) in goal-directed pointing 
movements, when taking the speed-accuracy trade-off into 
account. A second hypothesis was that; if the hypothesized 
reduction in end-point acuity is restricted to a proprioceptive 

deficit, this would, according to the model of direction-specific 
sensory efficiency described above (9, 13), be reflected in high 
variability primarily in the near-far (depth) direction when 
performing pointing movements to a visual target. However, 
although the clinical picture may differ between traumatic 
and non-traumatic neck-pain subjects, we do not expect any 
substantial group differences in end-point variability, and 
comparisons are, therefore, limited to pre-planned contrast of 
each of the neck-pain groups and a control group. 

The primary aim of the present study was to test whether 
subjects with chronic neck pain have higher end-point variabil-
ity in goal-directed pointing movements than healthy controls, 
taking the speed-accuracy trade-off into account (hypothesis 
1). Additional aims were to test whether possible group dif-
ferences in end-point variability are greater in the near-far 
direction than in other directions (hypothesis 2), and to study 
associations between the magnitude of end-point variability 
and symptoms and self-rated functioning in subjects with 
chronic neck pain.

METHoDS
The study was designed as a single-blinded, controlled and compara-
tive group study. It was performed at a vocational rehabilitation centre 
(Alfta Rehab Center, Alfta, Sweden). The study was approved by the 
Regional Ethical Review Board in Uppsala and complies with current 
Swedish legislation.

Subjects
Forty-five subjects with chronic neck pain, with or without traumatic 
association, were included in the study. The subjects with neck pain 
without traumatic association are referred to as “non-specific” (NS, 
n =  24), whereas the subjects with neck pain associated with trauma to 
the head or neck are referred to as WAD (n = 21). They were recruited 
from Alfta Rehab Center, from general practitioners and physiothera-
pists in the community and by advertising in local papers. To be in-
cluded they had to have pain in the neck, validated by pain drawings 
according to Margolis et al. (16), of at least 3 months’ duration and 
score > 10 on the Neck Disability Index (NDI) (see below). Although 
non-specific chronic neck pain may comprise specific sub-groups, we 
made no attempt to divide this group further, since at present, there is 
little evidence to allow further sub-categorization (see, for example, 
(17)). To be included in the WAD group the subjects should relate 
the onset of symptoms to an accident, and the symptoms should have 
presented within 2 weeks after this accident. Since the medical records 
from the acute stage of these patients were unavailable, a further sub-
division of WAD was not done. Further characteristics of the groups, 
including questionnaire scores representing general health, functioning 
and disability, pain ratings and distribution are given in Table I.

A control group of age- and sex-matched subjects (CON, n = 22) 
was recruited by advertising in local papers. Control subjects were 
included if they had no history of head, neck or shoulder trauma and 
no current neck or shoulder pain or longer periods of constant or in-
termittent neck-shoulder pain. All subject had to be right-handed and 
20–50 years of age. Exclusion criteria for all groups were surgery of the 
neck, shoulder or back, reported injuries with fractures or luxations to 
the neck or shoulders, conditions of neurological or rheumatic disease 
(rheumatoid arthritis, pelvospondylitis) or fibromyalgia. All subjects 
also had to be able to perform voluntary movements including arm 
elevations above 110 degrees and at least 25 degrees axial rotation 
of the head. This was assessed by the physiotherapist conducting the 
test of end-point acuity (see below). All subjects gave their written 
consent to participate after being informed about the aims and methods 
of the study.
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Test of end-point acuity in goal-directed pointing 
The assessment of end-position acuity in pointing was included as one 
of 8 sensorimotor tests that were carried out over a period of 2 h on 
the same test occasion. The test order was the same for all subjects 
and the pointing acuity test was the second in order. All subjects were 
tested by the same experimenter. Results from the other tests will be 
reported elsewhere.

Test set-up. The test set-up is illustrated in Fig. 1. The subjects sat in a 
rigid chair with their torso strapped with a belt to the back of the chair 
in order to restrict movements of the torso but allow free movements 
of the shoulder. A height-adjustable arm support was placed at waist 
height on the right side of the chair. An adjustable rim was placed 
parallel to the frontal plane on the arm rest as a guide for placing the 
hand in the starting position (Fig. 1C). A wooden pointer fixated to a 
rectangular plastic plate was firmly attached to the hand (total weight 
160 g). The pointer was fixed in line with the third digit, extending 
20 cm from the fingertip. The plastic plate was attached to the palm 
of the hand and the fingers in order to keep the fingers extended and 
prevent movements of the joints distal to the wrist. This arrangement 
was used in order to maximize the impact from arm proprioception 
on pointing acuity while minimizing the influence from fine motor 
control of the hand. The target consisted of a soft foam-rubber stick, 
1 cm in diameter, that was placed in front of the subject at a distance 
corresponding to the location of the wrist of the subjects’ extended arm 
at eye level height and 20 cm to the left of the subjects left acromion. 
The target pointed medially to the right parallel to the frontal plane 
(Fig. 1B, D). The test procedure and data collection was fully auto-
mated and computer-controlled and all instructions were pre-recorded 
and presented through speakers.

Testing procedure. Before the test started the subject was given the fol-
lowing instructions; “The task is to place the pointer as close as possible 

to the target. You should do this as fast and accurately as possible. When 
you have reached the target, keep the pointer still for a few seconds and 
do not correct the position”. The starting position was attained by plac-
ing the right hand with the plastic plate against the rim and the lower 
arm and hand resting on the arm support with the ulna side facing down 
and with the wrist near full dorsal extension (Fig. 1A, C). The command 
“Go” indicated that the subject should start the pointing movement. After 
holding the pointer still for 1 sec at the target (Fig. 1B, D) the subject 
was instructed to “go to the starting position”. In total, 15 such trials 
were performed and the subjects were allowed full vision throughout the 
entire test. Before the test 3–5 practice trials were performed to familiar-
ize with the task and to update the body representation of the elongated 
end-effector (hand-pointer), which is a process that in manual pointing 
with long tools has been shown to be instantaneous (18).

Data collection and processing. Kinematic data were recorded with an 
electromagnetic tracking system (FASTRAK, Polhemus Inc., USA) at 
a sampling rate of 30 Hz. The magnetic field transmitter was placed on 
a platform located between the subjects’ knees (see Fig. 1). The global 
coordinate system had an orientation such that its coordinate axes X, Y 
and Z, respectively, corresponded to the horizontal, depth and vertical 
directions in relation to the body (Fig. 1). Pointer coordinates were 
calculated from data collected by a sensor attached to the hand plate. 
Since the hand plate and pointer constituted a rigid body, the pointer 
tip location could be calculated from the sensor data. By holding the 
pointer tip up against the target tip the spatial location of the target was 
determined before commencing the test for each subject. Movement 
initiation and termination were assessed from the velocity profiles of 
the pointer tip. Movement initiation was defined as the instant when 
the velocity of the pointer tip exceeded 10% of its maximal value. 
Movement termination was defined as the moment when the velocity 
dropped below 10% plus an additional 500 ms. This criterion ensured 
that the tip remained virtually stationary (19).

As outcome measure for end-point acuity we used the Variable Error 
(VE) of the pointer tip position at the time of movement termination, 
calculated separately along each coordinate axis (X, Y and Z, see 
above). VE was calculated as the population standard deviation of 
the algebraic errors (distance between pointer and target) for the 15 
trials after “detrending” the data in each subject’s test series to remove 
possible drift in bias, which is unrelated to the response variability 
but will affect VE (20). The velocity of the pointer tip was computed 
as the first derivative of the coordinate data with application of a low 

Fig. 1. The pointing movement task for (A and C) starting and (B and 
D) target position. The axes in the centre illustrate the orientation of the 
laboratory coordinate system.

Table I. Characteristics of the study sample. The NDI, DASH and TSK 
scores are normalized to the range of 0–100

Characteristics
CoN 
(n = 22)

NS  
(n = 24)

WAD 
(n = 21)

Women, n 13 14 11
Men, n 9 10 10
Age, mean (SD) (years) 37 ± 10 37 ± 9 36 ± 5
BMI, mean (SD) 25 ± 3 26 ± 4 26 ± 4
SF-36 PCS, mean (SD) 55 ± 5 41 ± 11* 34 ± 8*
SF-36 MCS, mean (SD) 52 ± 8 41 ± 12* 36 ± 14*
Symptom duration weeks, 
median, range NA 60 (12–368) 73 (22–215)
VAS pain, mean (SD) NA 47 ± 23 60 ± 22
NDI, mean (SD) NA 30 ± 13 45 ± 16
DASH, mean (SD) NA 20 ± 12 34 ± 18
TSK, mean (SD) NA 37 ± 15 46 ± 14
Pain in shoulders, n NA 22 19 (19)
Pain in upper arms, n NA 11 9 (19)
Pain in lower arms, n NA 14 9 (19)
Pain in hands, n NA 14 9 (19)

*p < 0.05 (Dunnett’s t two-sided post-hoc t-test with the control group).
Pain in shoulders, upper arms, lower arms and hands represents the 
number of subjects indicating pain in these areas for at least one side. 
Note that n = 19 for the WAD group since 2 pain drawings could not be 
scored according to the criteria by Margolis et al. (16).
BMI: body mass index; SF-36 PCS: Short Form-36 physical 
component summary; SF-36 MCS: Short Form-36 mental component 
summary; VAS pain: visual analogue scale rating of pain; NDI: 
Neck Disability Index; DASH: Disability of the Arm, Shoulder and 
Hand; TSK: the TAMPA Scale of Kinesiophobia; CoN: control, NS: 
non-specific and WAD: whiplash-associated disorders; SD: standard 
deviation; NA: not analysed.
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pass 4th-order Butterworth filter with a cut-off frequency of 3 Hz. The 
subjects’ peak velocities and movement times, averaged over all 15, 
trials were used in the analyses.

Pain measurement and questionnaires
Within a week before the day of testing, “pain right now” was as-
sessed on a blank 100-mm visual analogue scale (VAS), where 0 
mm correspond to “no pain at all” and 100 mm to “worst imaginable 
pain” (21).

The week before the tests the neck-pain subjects received a number 
of questionnaires that they completed at home. The questionnaires 
addressed symptoms, health-related quality of life, pain-related 
disability, functional self-efficacy, physical functioning and kine-
siophobia.

Short Form Health Survey 36. The Short Form Health Survey, SF-36 
was used as a measure of general health and well-being (22). The 
SF-36 provides indices across 8 dimensions: limitations in physical 
activities (PF), limitations in social activities (SF), limitations in usual 
physical role activities (RP), limitations in usual role activities because 
of emotional problems (RE), bodily pain (BP), general mental health 
(psychological distress and well-being; MH), vitality (energy and 
fatigue; VT) and general health perception (GH). It also provides 2 
summary scales; the physical and mental component summary scales 
(PCS and MCS). Higher scores reflect better health status (22).

Neck Disability Index (NDI). Severity of disability was measured 
using the NDI. The NDI consists of 10 items addressing function and 
activities of: personal care, lifting, reading, work, driving, sleeping 
and recreational activities as well as pain intensity, concentration and 
headache. (23). There are 6 response alternatives for each item, ranging 
from no disability (0) to total disability (10). A higher score indicates 
more pain and disability. 

Self-Efficacy Scale. A 20-item Functional Self-Efficacy Scale (24) was 
used to measure the patients’ expectations of their own capability to 
accomplish certain tasks and activities of daily living. This version of 
the self-efficacy scale was originally developed for chronic back pain 
patients (24), but has been used and tested also for neck-pain conditions 
(25). Higher scores indicate a higher functional self-efficacy.

Tampa Scale of Kinesiophobia. Fear of re-injury due to movement was 
assessed using the Tampa Scale of Kinesiophobia (TSK) (26). The 
TSK is a 17-item questionnaire where each item is rated on a 4-grade 
Likert scale with scoring alternatives ranging from “strongly agree” to 
“strongly disagree”. A higher score indicates more kinesiophobia.

Disability of the Arm, Shoulder and Hand. The validated Swedish 
version (27) of the Disability of the Arm, Shoulder and Hand (DASH) 
questionnaire was used to measure upper extremity disability and 
symptoms (28). It consists of 30-items where each item is scored on 
a 1- to 5-point scale, ranging from “no difficulty” or “no symptom” 
to “unable to perform activity” or “very severe symptom”. A higher 
score means more disability.

Additional questions. Aspects that we considered to be of importance, 
but not covered by the other questionnaires, were addressed by 
complementary questions regarding symptoms, body functions and 
activity limitations (see Table II). A 6-level scale was used for each 
question with alternatives corresponding to: (1) not at all/nothing, 
(2) weak/mildly, (3) moderate, (4) quite high/somewhat strong, (5) 
high/strong, (6) almost unbearable/maximal.

Statistics
Statistics were calculated using SPSS for Windows 13.0 or SIMCA-P 
11.0 (for PLS-analyses only, see below) and p-values lower than 0.05 
were considered significant.

First, to test for possible group differences in the dependent meas-
ures between groups, VE along each coordinate axis (X, Y and Z) was 
analysed with mixed model analysis of variance (ANoVA) and Peak 
velocity and Movement time with univariate ANoVA.

As pointed out in the introduction, comparisons to identify differ-
ences in end-point acuity between groups in full-vision conditions may, 
due to Fitts’ Law, be of questionable worth in the absence of control 
for movement speed. Therefore, Peak velocity was used as covariate 
in a mixed-model analysis of covariance (ANCoVA) with Coordinate 
axis (X-, Y- and Z) as within-subject factors and Group (NS, WAD 
and CoN) as between-subject factor. Thereafter, univariate ANCo-
VAs were performed for specific comparison of pre-planned contrasts 
(equivalent to Dunnett’s t two-sided post-hoc t-test) between neck-pain 
subjects and controls for the different coordinate axes. 

Table II. Variables selected for multivariate (PLS) regression of pointing acuity

Total scores/ 
Index scores From NDI From DASH Additional questions

TSK Pain intensity Difficulty opening a tight or new jar Symptom duration
Self-Efficacy Scale Headache Difficulty placing an object on a shelf above your head VAS
SF-36 PF Concentration difficulties Difficulty doing heavy household chores Difficulties with lifting
SF-36 BP Sleeping disturbance Difficulty carrying a shopping bag or briefcase Difficulties with carrying
SF-36 GH Difficulty carrying a heavy object Difficulties with throwing
SF-36 VT Difficulty changing a light bulb overhead Difficulty taking a shirt off and on
SF-36 SF Weakness in the arms, shoulder or hand Difficulty bending the head forward
SF-36 MH Paraesthesia in arms, shoulder or hands Difficulty bending the head backward

Pain in the arm, shoulder or hand Difficulty bending the head to the right
Difficulty bending the head to the left
Difficulty turning the head to the right
Difficulty turning the head to the left
Dizziness
Balance disturbance
Sensory disturbance
Clumsiness of the hands
Tenderness in the neck
Neck pain during rest
Neck pain during activity

VAS: visual analogue scale; NDI: Neck Disability Index; DASH: Disability of the Arm, Shoulder and Hand; TSK: TAMPA Scale of Kinesiophobia; 
PLS: partial least squares; SF-36 PF: short form-36 physical functioning; SF-36 BP: short form-36 bodily pain; SF-36 GH: short form-36 general 
health; SF-36 VT: short form-36 vitality; SF-36 SF: short form-36 social functioning; SF-36 MH: short form-36 mental health.
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Multivariate regression analysis
To explore the pattern of different symptoms and levels of functioning 
in the neck-pain subjects and associations to end-point acuity, we used 
PLS projection to latent structures (29), a regression extension of prin-
cipal component analysis (PCA). While PCA detects latent structures 
of variables in one block (X), PLS methods can be used to reveal latent 
relationships between 2 blocks of variables (X and Y). The motivation 
for using PLS instead of traditional multivariate methods (i.e. multiple 
linear regression) reside in the technique’s ability to analyse many 
non-independent (i.e. collinear) variables. Other advantages are that 
PLS can handle noisy data structures, fewer observations than predictor 
variables and missing data (14). Moreover, PLS allows exploration of 
underlying relations and trends even when the functional form gov-
erning the relationship between predictors and response is not fully 
known. Here we used Orthogonal PLS (O-PLS) (30), which separates 
the variance in X that is correlated to Y from the variance in X that is 
uncorrelated (orthogonal) to the Y-variable. This is useful when there 
is a large amount of (Y-) unrelated variation in the data-set and makes 
the interpretation of the model more straightforward and accurate than 
normal PLS analysis, since O-PLS, in the case of a single Y, gathers 
the predictive X-variation in the first component (30).

PLS models, like multiple linear regression models, are described 
with the statistical parameters explained variation (R2) and predicted 
variation (Q2). Explained variation in PLS applies to both response (R2Y) 
as well as predictors (R2X) and Q2 is a cross-validation parameter cal-
culated to test the validity of the model against over-fitting. The relative 
contribution of each x-variable to the PLS model (i.e. the correlation to 
Y and to the projections in X-space) is expressed as a VIP-value (vari-
able importance in the projection): VIP larger than 1.0 is considered as 
influential (significant) while values lower than 0.5 indicate unimportant 
variables. The interval between 0.5 and 1.0 is a “grey zone” where the 
importance level depends on the size of the data-set (14). We considered 
VIP-values larger than 1 and with a confidence interval not including 
0.5 to indicate a significant x-variable for a model.

To control for the effect of between-subjects variability in move-
ment speed on end-point variability, we used the residuals from a 
linear regression model (VE as dependent variable and Peak velocity 
as predictor) as the response variable (Y) in the PLS analysis. These 
residuals (VEr) were calculated separately for each coordinate axes, 
thus, representing a velocity controlled VE in each direction. As pre-
dictors (X-variables) we used the subscales PF, SF, BP, MH, VT and 
GH from the SF-36 and the total scores of the TSK and SES, since 
each of these subscales/scores may be considered distinct theoretical 
concepts. The total scores for the NDI and DASH were not used since 
they are constructed from items representing several different theoreti-
cal concepts. Instead, the individual questions were used, excluding 
the ones which we considered not having any reasonable association 
to pointing acuity, unless univariate correlation analysis indicated such 
an association. The additional questions on symptom and physical 
functioning and the VAS pain ratings were also included. In total, 40 
variables (Table II) were entered as predictors into the models. The 
analyses were performed on mean-centred and scaled data (14) and 
data distributions for all variables were evaluated and transformed 
(e.g. log transformed) if recommended by the built in function of the 
software (SIMCA-P 11.0). If the variance was found to be negligible, 
the variable was removed from the model. Outliers were identified as 
clearly deviating observations on score and residual plots (14).

RESuLTS

End-point variability
Descriptive data for VE, Peak velocity and Movement time 
are given in Table III. The effect of Group on VE was found 
to be non-significant (mixed-model ANOVA: F(2,64) = 1.823, 
p = 0.170) for both neck-pain groups (NS-CON, p = 0.170; 
WAD-CoN, p = 0.358, Dunnett’s t two-sided post-hoc t-test). 

Likewise was the effect of Group on Peak velocity non-
significant (univariate ANOVA: F(1,64) = 2.354, p = 0.103), 
although there was a trend for lower Peak velocity in the 
WAD group (Dunnett’s t two-sided post-hoc t-test; NS-CoN 
p = 0.456; WAD-CoN p = 0.062). For the variable Movement 
time there was a significant difference between WAD and CON 
(F(1,64) = 3.18, p = 0.048, Dunnett’s t two-sided post-hoc t-test; 
NS-CoN p = 0.534; WAD-CoN p = 0.028).

In order to account for the speed–accuracy trade-off, we 
used Peak velocity as covariate in a mixed-model ANCoVA 
of VE with Group as a between-subject factor and Coordinate 
axis as within-subject factor. The analysis revealed significant 
main effects of Group (F(2,63) = 4.324, p = 0.017), Coordinate 
axis (F(2,126) = 3.359, p = 0.038) as well as for the covariate 
Peak velocity (F(1,63) = 17.820, p < 0.001). However, the in-
teraction effect Coordinate axis × Group was non-significant 
(F(4,126) = 1.267, p = 0.286), indicating differences in VE 
between the 3 coordinate axes but a similar pattern within the 
groups. Thus, the results confirmed that peak velocity was a 
strong modifier of VE. The subsequent pair-wise comparisons 
between groups revealed differences between CON–NS (Dun-
nett’s t two-sided post-hoc t-test; p = 0.020) and CoN–WAD 
(p = 0.034). Post-hoc comparisons of the 3 coordinate axes 
showed that VE in the Z-direction was significantly lower 
compared with both X- and Y-direction (Tukey’s p = 0.002 
and p < 0.001, respectively), while X compared with Y did 
not differ (p = 0.127). 

Although the interaction Coordinate axis × Group was 
non-significant we chose to test possible group differences in 
VE along the 3 coordinate axes with univariate ANCOVAs. 
Descriptive statistics of the data and significant group dif-
ferences are shown in Fig. 2. For NS compared with CON, 
significant differences were found in both depth (Y-axis) and 
vertical (Z-axis) direction (Dunnett’s t two-sided post-hoc t-
test; p = 0.030 and p = 0.032, respectively) while differences in 
the horizontal direction (X-axis) failed to reach significance 
(p = 0.086). WAD compared with CoN differed in depth direc-
tion (VE-Y; p = 0.010) but not along the horizontal and vertical 
axes (p = 0.200 and p = 0.164, respectively). 

Associations between end-point variability and self-rated 
characteristics
Since the ANCOVA for VE revealed significant group differ-
ences we studied associations between self-rated characteristics 

Table III. Mean with standard deviation within parentheses of Variable 
Error (VE) (cm) along the horizontal- (X), depth- (Y) and vertical axis 
(Z), peak velocity (cm/s) and movement time (s)

Group
VE-x 
(horizontal)

VE-y 
(depth)

VE-z 
(vertical)

Peak 
velocity

Movement 
time

NS 0.34 (0.27) 0.35 (0.17) 0.27 (0.10) 283 (74) 0.88 (0.20)
WAD 0.29 (0.14) 0.35 (0.18) 0.24 (0.10) 257 (64) 0.99 (0.30)*
CoN 0.26 (0.08) 0.26 (0.09) 0.22 (0.06) 307 (87) 0.82 (0.20)

*p < 0.05 (Dunnett’s t two-sided post-hoc t-test with the control group).
CON: control, NS: non-specific and WAD: whiplash-associated 
disorders.
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and end-point acuity controlled for movement speed (VEr; see 
Methods) in the neck-pain groups using PLS regression. The 
analysis was performed separately for the 2 neck-pain groups 
using the self-ratings as predictors and the VEr in depth di-
rection as response variable. We chose VEr in depth direction 
as response variable since the variability in depth was largest 
and discriminated both neck-pain groups from the controls, 
and because of the fact that VEr in all 3 directions were cor-
related (data not shown). Tables IV and V show the significant 
predictor variables from the PLS models. 

For the NS group the PLS model explained 68.3% of the 
variance in VEr (R2Y = 0.683, R2X = 0.122, Q2 = 0.398). one NS 
subject was excluded from the model due to a serious “observa-
tion risk” detected on residual plots (i.e. the subject was far from 
the centre in X-space and had a major deviating Y-residual when 
the subject was included compared with when it was excluded 
from the model). The model revealed 7 significant predic-
tors (Table IV), 6 representing problems in performing neck 
movements and one related to problems in dressing situations 
(putting on and taking off a shirt). The PLS-model for the WAD 

group explained 42.6% of the variation in VEr (R2Y =  0.426, 
R2X = 0.387, Q2 = 0.249). The model revealed 9 significant pre-
dictors (Table V). Similar to the NS group, end-point variability 
was associated with problems in performing neck movements, 
but, in addition, also with variables representing pain as well as 
limitations in activities involving lifting/carrying, poor balance, 
and social functioning. 

DISCuSSIoN

Summary of results
This study demonstrates that people with chronic neck pain of 
traumatic as well as non-traumatic aetiology can have reduced 
end-point acuity in goal-directed reaching. The acuity reduc-
tion was most pronounced in the depth direction, although 
not statistically different from the reduction in the horizontal 
and vertical directions. In addition, we found, for both patient 
groups, distinct associations between end-point acuity and self-
rated functioning – primarily limitations of neck movements 
but also of activity limitations, balance and pain. 

Pointing acuity
The primary aim of the study was to test the hypothesis that 
subjects with chronic neck pain have higher end-point vari-
ability than healthy controls when performing fast pointing 
movement in 3-dimensional space under a full-vision condi-
tion, when taking the speed-accuracy trade-off into account. 
The ANOVA for VE showed no significant group differences. 
However, when controlling for movement speed (Peak veloc-
ity), we found higher end-point VE in both the neck-pain groups 
compared with the controls. The fact that group differences 
were found neither for VE (when not controlling for Peak 
velocity) nor Peak velocity, while differences emerged when 
controlling VE for Peak velocity, can be interpreted as a result 
of a combination of the speed-accuracy trade-off and between-
subject variability in how the task was performed. That is, 
between-subject variability in Peak velocity (in all groups) 

Table IV. Orthogonal Partial Least Squares analysis of Variable Error 
for the non-specific group using self-assessed patient characteristics as 
predictors. The Variable Influence on Projection (VIP), the lower limit 
of the confidence interval (CI) for the VIP and Pearson’s correlation 
coefficients (r) are shown for predictors with VIP > 1 and a lower limit 
of VIP CI > 0.5

Predictor VIP CI r

Neck rotation left 2.18 1.54 0.59*
Neck rotation right 2.16 1.52 0.58*
Neck lateral flexion left 1.90 1.51 0.51*
Neck lateral flexion right 1.90 1.53 0.51*
Neck flexion 1.80 0.75 0.49*
Take a shirt off and on 1.65 0.94 0.44*
Neck extension 1.60 1.01 0.44*

*p < 0.05.

Table V. Orthogonal Partial Least Squares analysis of Variable Error 
for the whiplash-associated disorders group using self-assessed subject 
characteristics as predictors. The Variable Influence on Projection 
(VIP), the lower limit of the confidence interval (CI) for the VIP and 
Pearson’s correlation coefficients (r) are shown for predictors with 
VIP > 1 and a lower limit of VIP CI > 0.5

Predictor VIP CI r

Bodily Pain (SF-36) 1.74 1.40 –0.67*
Balance 1.61 0.62 0.62*
Social Functioning (SF-36) 1.52 1.01 –0.54*
VAS 1.32 0.65 0.49*
Neck extension 1.28 0.71 0.50*
Carry a shopping bag (DASH) 1.22 0.83 0.47*
Lifting 1.16 0.50 0.45*
Carrying 1.16 0.54 0.45*
Neck lateral flexion left 1.07 0.50 0.41

*p < 0.05.
VAS: visual analogue scale; DASH: Disability of the Arm, Shoulder 
and Hand; SF-36: Short Form 36.

Fig. 2. Box-plots (interquartile range) for the end-point variable error 
(VE) in cm controlled for peak velocity for the 3 groups (control (CON), 
non-specific (NS) and whiplash-associated disorders (WAD)) and error 
directions (horizontal, depth and vertical). Asterisks indicate significant 
differences of p < s0.05 (Dunnett’s t two-sided post-hoc with the CoN 
group).
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increased the between-subject variability in VE, due to the 
close link between these 2 variables (e.g. 12). Eliminating this 
effect by controlling VE for Peak velocity revealed the acuity 
reduction. Hence, the results lend support to hypothesis 1 and 
show that the speed-accuracy trade-off should be taken into 
account to reveal deficits in the control of reaching acuity.

our second hypothesis predicted that the most pronounced 
difference in end-point accuracy should appear in the near-far 
(depth) direction. This hypothesis was based on the suggestions 
that acuity in the near-far direction predominantly depends on 
proprioceptive information (9, 13), and the finding of reduced 
upper extremity proprioception in people with chronic neck 
pain (8). However, our results did not specifically confirm 
this prediction. Although the WAD group, as hypothesized, 
showed significantly higher VE than controls in depth direc-
tion only, this difference was not statistically different from 
the VE-differences in the other directions. The NS group 
exhibited significantly higher VE both in depth- and vertical 
direction as well as a VE-difference approaching significance 
also along the horizontal axis. Therefore, the similar VE-pat-
tern across groups, indicated by the non-significant interaction 
effect Coordinate axis × Group in the ANCOVA, suggests that 
end-point acuity in neck-pain subjects is not isolated to higher 
variability in depth direction.

Although the results did not support our second hypothesis, 
this finding does not exclude proprioception as an underlying 
cause of the increased reaching errors in the neck-pain groups. 
Thus, with respect to the direction-specific sensory efficiency 
hypothesis (13), it is important to note that although proprio-
ceptive information is suggested to be more important than 
vision for acuity in the near-far direction, there is a substantial 
overlap between the use of these sources of information in 
all directions (13). Therefore, a potential deficit in proprio-
ception would also affect acuity in directions other than the 
near-far, but to a smaller extent. Considering the relatively 
small sample sizes in the present study, the direction-specific 
effect of any proprioceptive deficit in the neck-pain groups 
may have been too small to detect. Future studies including 
perturbations of proprioception and/or vision during reach-
ing may provide deeper insight into this topic in people with 
chronic neck pain. 

Possible mechanisms behind reduced reaching acuity
There are several possible mechanisms, peripheral as well 
as central, that may account for the reduced reaching acuity 
in the neck-pain groups. One possibility lies in a reduced 
acuity of the proprioceptive information from the muscle 
spindle system. In animal models, profound modulations of 
the sensitivity of muscle-spindles in the trapezius muscle, via 
spinal reflexes, have been shown after close intra-muscular 
injections of algesic or inflammatory substances (31). Such 
effects can have negative impact on the information content 
from groups of muscle spindles (32), which may compromise 
proprioception (6). In the PLS analysis of our data, pain-rat-
ing was a significant predictor for high end-point variability 
in the WAD group but not in the NS group. This ambiguous 

result leaves this mechanism tentative, although it cannot 
be excluded since inflammatory processes are not always 
reflected in pain perception. Another afferent mechanism 
that may interfere with proprioception is related to injuries 
or stress on peripheral nerves anywhere along the sensory 
pathway (e.g. 33), which possibly could corrupt the transmis-
sion of proprioceptive afferent information, as well as affect 
other aspects of movement control. In our data, however, the 
predictor variables in the PLS analyses most likely to reflect 
such nerve involvement; paraesthesia and sensory loss, were 
not associated with reaching acuity, which argues against this 
mechanism as a major factor behind the reduced reaching 
acuity in the neck-pain groups. In this context it is relevant to 
note that the experienced physiotherapist conducting the test 
noted no adverse reactions in the subjects in relation to the 
test. It is also possible that sensorimotor control deficits are 
effects of information processing or motor planning modifica-
tions driven by higher centres by virtue of pain-related factors, 
such as fear, stress and attention-demanding requirements. 
However, the results from the PLS-analyses did not support 
any direct involvement of such factors since neither the TSK 
nor the question on concentration difficulties were significant 
predictors in any of the models. 

A strong association was found between end-point reaching 
acuity and self-rated neck function for both the NS and WAD 
groups, implying that impairment of some aspects of neck 
function directly affects the control of reaching movements. 
This is in line with the fact that the neck plays a key role in 
the control of spatially oriented movements. When reaching 
for an object, vision provides information of the location of 
the object in an external coordinate system. Proprioception, on 
the other hand, provides information on the location of the arm 
and hand in an intrinsic coordinate system. Hence, the position 
of the head and neck is used as a reference in the integration 
of coordinate systems (34, 35). Together with the findings that 
neck pain is associated with sensorimotor dysfunctions of the 
neck (1), this suggests that impaired sensorimotor function of 
the neck may be one mechanism behind the reduced reaching 
acuity in the neck-pain groups. Another related explanation 
for the association between self-rated neck function and im-
paired reaching acuity could be an inability to direct vision 
fast enough towards the goal during the movement, since neck 
function can affect oculomotor control (36). In the WAD group, 
a strong association was also present between poor reaching 
acuity and self-reported balance problems. observations of 
poor balance in neck-pain conditions are frequent (e.g. 3, 37) 
and the role of the neck for postural control is well known (for 
references see (36)). Furthermore, Karlberg et al. (36) showed 
that restricting neck mobility using a cervical collar impairs 
postural control in healthy subjects, a finding that underscores 
the importance of neck function for balance and spatial ori-
entation. With these studies in mind, our results indicate that 
balance problems and poor reaching acuity may co-exist since 
they can both be related to impaired neck function. Surpris-
ingly, none of the self-rated functions that could be affected by 
decreased acuity of precise arm-hand movements (e.g. clumsi-
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ness in the hands or changing a light bulb) were significant 
predictors in the PLS models. However, such deficits can often 
be compensated for by performing movements slower and may 
therefore remain unrecognized by the individual, and thus not 
reflected in the self-ratings. 

The findings from the PLS analyses raise several questions 
regarding the mechanisms behind the associations. For exam-
ple, the mechanisms behind the association between pointing 
acuity and self-rated neck function could be explored by re-
cording head movements during the test as well as assessing 
oculomotor functions such as smooth pursuit eye movements 
(36). Additionally, the importance of visual information vs 
shoulder-arm proprioception could be elucidated by manipula-
ting available sensory input during the task (13).

Clinical relevance
Reduced acuity of goal-directed arm movements, such as 
pointing or reaching, can have implications for an individual’s 
everyday functioning, since many everyday activities depend 
on good precision and timing. Even seemingly small increases 
in end-point variability would obviously risk compromising the 
performance in activities such as performing sports or playing a 
musical instrument, as well as in many working life situations and 
common everyday tasks. Furthermore, in real-life tasks requiring 
a certain level of end-point acuity, it is conceivable that deficien-
cies in control of end-point acuity can be compensated for by 
performing movements slower. Also, a well-known strategy to 
cope with speed-accuracy demands is by increasing muscle co-
contraction (e.g. 38). Hence, even if reduced end-point acuity can 
be compensated for, it can have negative consequences in terms 
of extra muscle tension and aggravation of muscle fatigue. 

For clinical practice, the results support training regimes 
aimed at movement control and body awareness with special 
focus on the neck and upper extremity. Since, as discussed above, 
neck function may constitute a key function for the integration of 
external (vision) and internal (proprioceptive) reference frames 
(34, 35), training regimes that target such integration should be 
considered in the rehabilitation of people with neck pain. 
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