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ABSTRACT

Background: The main aim was to examine whether patients with persistent upper quadrant pain
have higher end-point variability in goal directed pointing movements than pain-free controls when
the pointing task is performed in total darkness and under full vision. An additional aim was to study
associations between the magnitude of end-point variability and a clinical movement control test bat-
tery and self-rated functioning among patients.

Methods: Seventeen patients and 17 age- and gender-matched pain-free controls performed a point-
ing task that evaluated end-point variability of repetitive shoulder movements in horizontal adduction
and abduction with full vision, and abduction with no visual information, completed a movement con-
trol test battery of neck and shoulder control tests and answered questionnaires.

Results: Patients had higher end point variability for horizontal abduction when performed with no
visual information. For horizontal adduction the variability was higher, but only when it was controlled
for movement time. No significant correlations were found between end-point variability and self-
rated functioning, nor between end-point variability and neuromuscular control of the glenohum-
eral joint.

Conclusions: This study provides preliminary evidence that patients with persistent neck/shoulder
pain can partly compensate proprioceptive deficits in goal-directed arm movement when visual feed-
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back is present.

Introduction

Understanding patients’ functional impairments and activity
limitations, and their potential origins is important for assess-
ment and rehabilitation. Many patients with pain in the
neck/shoulder region have problems performing daily activ-
ities involving hand and neck movements [1,2]. One of the
many dynamic and interacting factors that may be associ-
ated with their compromised function and activity limitations
could be altered movement coordination strategies [3]. It is
the central nervous system (CNS) that controls movements
and joint stability (‘the joint remaining or promptly returning
to proper alignment through an equalisation of forces’ [4]).
The CNS control requires well integrated information from
both visual, vestibular and somatosensory systems, including
proprioception. Proprioception involves conscious or uncon-
scious awareness of joint position sense and is the product
of afferent information from the mechanoreceptors in the
muscle-tendon unit, joint, fascia and skin transmissioned to
the CNS [5]. It has earlier been shown that patients with
acute and chronic musculoskeletal pain in the upper quad-
rant show impairments in proprioception [6-12]. Notably, the

information from the mechanoreceptors is integrated with
visual and vestibular information and processed at many
CNS-levels before activation of skeletal muscles [13].

A daily task that involves proprioceptive inputs from the
mechanoreceptors in the upper quadrant and integration of
visual inputs is positioning of the hand [14]. In a study exam-
ining a head-eye-hand coordination task performed with vis-
ual feedback (goal-directed arm movements), reduced
precision was found in patients with chronic neck pain when
compared to control subjects [9]. Further, a strong associ-
ation was found between end-point reaching acuity and self-
rated symptoms and neck function. To our knowledge, no
study has examined whether the same results can be
expected if patients cannot rely on visual input.

Further, in a case control study [15] including patients
with recurrent episodes of non-traumatic mild neck pain, bio-
mechanically less advantageous cervical extension, protrac-
tion-retraction and rotation movement patterns were found
in patients when compared to pain-free study participants.
Analysing movement impairments in the neck and shoulder
regions can be a difficult task since the upper quadrant
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consists of complex muscle arrangements across joints. To
evaluate neuromuscular control [16-18] and muscles ability
to evaluate control of movements in a specific direction
[15,17-22] and to generate adequate and balanced force
[17,20], clinical movement control tests have been intro-
duced. It has been concluded that physiotherapists are able
to reliably evaluate movement impairments [20,21].

To date, the relationships between goal-directed pointing
performance, visual input, movement impairments evaluated
using clinical movement control tests and subjective signs
and symptoms have not been investigated. Since deficits in
these aspects could play a role in the development of recur-
rent or chronic pain, and therefore are more relevant for
rehabilitation than diagnostic labels naming pathological
structures [23], a deeper understanding of their nature is
important. Analyses of associations between laboratory
based tests, clinical movement control tests and self-rated
functioning can reveal the clinical relevance of the sensori-
motor impairments as well as provide leads to the mechan-
ism behind the impairments.

The main aim of the present study was to examine
whether patients with persistent upper quadrant pain have
higher end-point variability in goal directed pointing move-
ments than pain-free controls when the pointing task is per-
formed in total darkness and under full vision. An additional
aim was to study associations between the magnitude of
end-point variability and a clinical movement control test
battery and self-rated functioning among patients.

Methods
Design

This was a cross-sectional, laboratory, observer-blinded, con-
trolled and comparative group study. It was approved by the
Regional Ethical Review Board in Umed, Sweden (08-083 M).
Patients were informed that to decline participation in the
study or to withdraw participation did not affect their rights
to further rehabilitation. After the data collection was per-
formed, patients were treated as in normal clinical practice.
Written informed consent from each study participant
was obtained.

Participants

Seventeen patients (five men and 12 women between 34
and 65years, mean age 50years) who sought medical care
during a period of four weeks in a primary health care centre
for their neuromusculoskeletal problems in the upper quad-
rant (cervicothoracic spine and upper limb) were recruited.
Patients who fulfilled the inclusion criteria were consecutively
asked by their physiotherapist if they wanted to participate
in a study about signs and symptoms in patients with prob-
lems in their neck/shoulder region. Thereafter, information
about the study, an informed-consent form, and question-
naires were sent to their home addresses, and they were
scheduled for an appointment with the test leaders. All
patients that were asked volunteered. Inclusion criteria was

pain in the upper quadrant area >3 months in duration, and
who were sub-classified by their physical therapist as having
nociceptive mechanical pain as their dominating pain
characteristic.

Exclusion criteria were red flags, visual analogue scale rat-
ing (VAS) >70mm, major depressive disorder or substance
abuse. Since one of the tests (the pointing task) included
arm elevations above 110° and neck rotations more than
65°, patients with an active ROM below these thresholds
were excluded. A goniometer was used to asses ROM.

Each patient was matched with a pain-free study partici-
pant (controls) of the same age (+1year) and sex. Inclusion
criteria for the control group included no health complaints
or pain in the upper quadrant during the last 12 months, no
known history of neck or shoulder injury that required med-
ical treatment, full ROM of the neck and being able to move
their shoulders to the target positions without discomfort or
limitations. The pain-free study participants were recruited
through advertising at the University of Umea.

Data collection

Two testers, blinded to whether the study participants were
patients or pain-free controls, performed and rated the
tests together.

Goal-directed pointing task

This task, when pointing with the right hand to a target
diagonally to the left (hereafter called Adduction with vision),
has been described in detail earlier [9]. In the present study,
we added two new conditions: pointing to the right under
full vision (Abduction with vision) and pointing to the right
in total darkness (Abduction in darkness). The reason for also
including abduction was that abduction involves higher bio-
mechanical demands (the arm and hand moves away from
the centre of body mass with an increased lever arm affect-
ing the muscles and joints in the trunk, shoulder and cervical
area). It also involves an increased tension and mechanical
load on the brachial plexus. We hypothesised that removal
of visual feedback would increase end point variability to a
greater extent in the patient group compared to the con-
trol group.

The test procedure and data collection were fully automa-
tised and instructions were pre-recorded and presented
through speakers. The participant was seated in a rigid chair
with their pelvis strapped to the back of the chair to isolate
movements to the shoulder and arm. An arm support was
placed at waist height on the right side of the chair. A
marker was placed on the arm rest as a guide for how to
place the hand in the starting position (Figure 1). A pointer
fixated to a rectangular plastic plate was firmly attached to
the hand. The pointer was fixed in line with the third digit,
extending 20cm from the fingertip. The two targets had
both a soft foam-rubber stick, one cm in diameter. The tar-
get to the left was placed in front of the study participant at
the distance corresponding to the location of the wrist of
the participant's left extended arm at eye level height and
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Figure 1. Photograph of the setup and pointing movements for the goal directed pointing tasks.

20cm to the left of the participant’s left acromion. The target
to the right was placed at the end of the participant’s
extended third digit, with the right arm extended at eye
level and horizontally abducted 35°.

The study participant was given the following 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’. Three to five
practice trials were allowed. A command ‘Go’ indicated to
start the pointing movement and ‘Go to the starting pos-
ition’ the return. This procedure was repeated 15 times. In a
random order, the participants started with the full vision
condition or the darkness condition.

Kinematic data was recorded with an electromagnetic
tracking system (FASTRAK, Polhemus Inc., USA) at a sampling
rate of 30Hz. The global coordinate system had an orienta-
tion such that its coordinate axes X, Y and Z, respectively,
corresponded to the horizontal, depth and vertical directions
in relation to the body. Pointer coordinates were calculated
from data collected by a sensor attached to the hand plate.
Movement initiation and termination were assessed from the
velocity profiles of the pointer tip.

Outcome measures were end-point variability and move-
ment time. End-point variability was defined as the mean
ellipse volume (cm®) based on the Variable Error (VE) of the
pointer tip position at the time of movement termination,
calculated separately along each coordinate axis (X, Y and 2)
[24]. VE was calculated as the population standard deviation
of the algebraic errors (distance between pointer and target)
for the 15 trials [9]. The movement time was calculated for
each trial and movement times averaged over all 15 trials for
each testing condition were used in the analyses.

Movement control test battery
All tests but one (seated scapula/glenohumeral medial and
lateral rotation test, part B: 20 fast rotations, see below) have

been described in detail earlier [20]. The tests were per-
formed in one sequence, as is customary in clinical practice.
The verbal instructions were standardised [20]. The partici-
pants were given a minimum of cues so that they performed
their preferred pattern of movement. All tests but the seated
scapula/glenohumeral medial and lateral rotation test part B,
were scored as ‘positive’ (movement impairment) or
‘negative’ (performed the test correctly according to defined
criteria). The tests were observed for 4-6 repetitions before it
was scored positive or negative.

The seated head turn test assesses the ability to move
the cervical spine into rotation of up to 80° without cervical
side-bend [25] (Figure 2). The test was evaluated as negative
if there was a symmetrical range of rotation to 60-70° with
eyes horizontal (no lateral flexion) and no chin poke (indicat-
ing a concurrent extension of the cervical spine during the
rotation). It was evaluated as positive if there was an uncon-
trolled movement seen as (1) a chin poke [18] and/or (2) lat-
eral flexion and/or (3) restricted range of motion (ROM <75°
from the midline with eyes horizontal) and/or (4) jerkiness
(the movement did not look smooth and easy). Inter-rater
reliability: k=0.78 and k=0.89, percentage agreement 89
and 94% for the right and left side, respectively [20]. The fol-
lowing instructions were used: Make a straight back. Turn
your head and neck slowly to the right and back to the start-
ing position. Try to make the rotation around an axis that
runs longitudinally through your head, neck and spine. The
test was rated separately for the right and left side, respect-
ively. In the analyses, only the right side was included.

The seated neck extension test assesses the quality of
natural neck extension in sitting (Figure 3). The test was eval-
uated as negative if the lower and upper cervical spine was
contributing to extension equally to 15-20°. It was evaluated
as positive if (1) there was an excessive upper cervical exten-
sion seen as a chin poke and head back over the base of
support (cervico-thoracic extension is performed late or not
at all during the movement) and/or (2) during the return
from extension the upper cervical stayed in extension and/or
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Figure 2. Photograph of the seated head turn test. lllustrating the starting position and rotation to the left.

Figure 3. Photograph of the seated neck extension test. lllustrating start position (A) and the individual neck extension movement pattern (B-D).

(3) there was an excessive mid-cervical anterior translation
during the active extension (seen as a skin crease trans-
versely across the posterior neck at the level of the anterior
translation) and/or (4) restricted range of motion (ROM <
15°) and/or (5) there was jerkiness. Inter-rater reliability:
k=0.66, percentage agreement 86% [20]. The following
instructions were used: Make a straight back. Slowly look up
to the ceiling and back to the starting position.

The seated scapula/glenohumeral rotation test, part A
assesses the quality and symmetry of glenohumeral rotation.
The test was modified to be performed in sitting instead of
supine [16,18]. With a 90° abduction in the glenohumeral
joint, humerus in the scapular plane and 90° flexion in the
elbow the participants were asked to actively medially and
laterally rotate to their maximum and then return to the
starting position (same set-up for part A and part B, Figure
4). This test had two outcome measures. Positive/negative
and degrees of medial rotation. The test was evaluated as
negative if the participant could medially and laterally rotate
the glenohumeral joint while preventing compensating
movements in the glenohumeral joint (humeral head anterior
translation) and of the scapula (forward tilt, elevation, down-
ward rotation). It was evaluated as positive if (1) the shoulder
rolled forward (forward tilt/elevation of the scapula) before

the participant achieved 50-60° medial rotation or 90° lateral
rotation of the glenohumeral joint and/or the humeral head
glided excessively in any noticeable direction during medial
rotation (UCMs) and/or (2) restricted range of motion (ROM
medial rotation 50-60°, lateral rotation 90°) and/or (3) there
was jerkiness. Inter-rater reliability: k=0.37, percentage
agreement 92% [20]. For instructions, the test leader first
showed the starting position and the movement. Then the
following instructions were used: Rotate your shoulder so
that the hand goes down to the maximum. Then rotate your
shoulder so that the hand moves towards the ceiling to the
maximum. And then return to the starting position. Try to
make the rotation around an axis that runs longitudinally
through your upper arm.

The seated scapula/glenohumeral medial and lateral
rotation test, part B: 20 fast rotations assesses the ability
to perform fast rotations in the glenohumeral joint (the sin-
gle outcome measure is time in seconds, Figure 4). This test
is used in clinical settings in Sweden for evaluation of shoul-
der function (ability to control movements such as anterior
or superior glide in the glenohumeral joint during sports
activity). Information about test-retest reliability and norma-
tive values is incomplete. The participant was asked to
actively medially and laterally rotate their shoulder 20 times
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Figure 5. Photograph of the scapular abduction-adduction in four point kneeling.
followed by a 5's isometric contraction in the end position.

as fast as possible (s) within their full individual ROM and
without the testers controlling how they performed the rota-
tions. In cases when the participant was not able to com-
plete all 20 repetitions, the time used for the number of
completed rotations was used to calculate the time for one
trial, from where an estimation of the time for 20 repetitions
was done (time/rep x 20). The following instructions were
used: Now, rotate your shoulder 20 times as fast as you can
within the range of motion you have.

The scapular abduction-adduction in four-point kneel-
ing assesses the ability of the Serratus Anterior muscle to
actively shorten through the available range of scapula
abduction with upward rotation and thereby stabilise the
scapula to the thorax wall during repeated scapular abduc-
tion—adduction (x10) followed by a 5s isometric contraction
in the end position (Figure 5). The test was evaluated as
negative if the participant could hold the position for 5s
with the medial border of the scapula (at the level of the
spine) at least 10cm from the spine, in contact with the
thorax without substitution by other muscles or fatigue. It
was evaluated positive if there was visible substitution by
other muscles (scapula wings, scapular tilt, scapular eleva-
tion, scapular downward rotation, scapular depression or spi-
nal flexion, or trunk rotation) or the participant could not
hold the position for 5s in the optimal position (without
obvious scapula winging/tilting/elevation/downward rota-
tion/scapular depression). Inter-rater reliability: k=0.76,

lllustrating the starting position and the repeated scapular abduction-adduction

percentage agreement 86% [20]. First, the test leader showed
the starting position and the movement. Then the following
instructions were used: Please put the load of your body on
the arms, and then smoothly and in a self-selected pace,
repeatedly (x10) elevate your chest by making the shoulder
blades wide and lower your chest by letting the shoulder
blades return to starting position. After doing so, please stop
and hold this elevated position for 5s. Please do not bend
your arms or move backward during the movements.

Pain measurement and questionnaires

Visual Analog Scale (VAS) [26] was used to assess the
patients’ pain in the neck/shoulder region ‘during the last
seven days'. The VAS ranges from 0-100 mm, with 0 mm rep-
resenting ‘no pain at all’ and 100mm the ‘worst imagin-
able pain’.

The disability of the arm, shoulder and hand question-
naire (DASH) [2] was used to measure disability and symp-
toms in daily life. 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 indicates more disability. Total
score 150.

The Neck Disability Index (NDI) [1] was used to measure
the severity of disability in ten different activities; personal
care, lifting, reading, work, driving, sleeping, recreational
activities, pain intensity, concentration and headache. A
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higher score indicates more disability. There are six response
alternatives for each item, ranging from no disability (0) to
total disability (5). A higher score indicates more pain and
disability. Total score 50.

The Tampa Scale of Kinesiophobia (TSK) [27] was used
to assess the fear of re-injury due to movement. 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. Total score 68.

Statistical analyses

The Wilcoxon signed rank test for related samples was used
to compare questionnaire data, degrees of medial rotation
during the seated scapula/glenohumeral rotation test part A
and performance time for the 20 fast rotations during part B,
end-point variability and movement time for the goal
directed pointing tasks between the age- and sex-matched
groups. McNemar Test was used to compare performance of
the single movement control tests (positive/negative). Odds
Ratio (OR) for showing a movement impairment if you are a
patient has also been calculated using the Chi-square test.

To adjust for speed-accuracy trade-off effects, which
would influence the precision at the end point in movement
tasks like ours [28], additional analyses were performed for
end-point variability to control for the effect of movement
time. In a linear regression model of end-point variability (Y)
and movement time (X) the residuals of the fitted trend line
were calculated representing variability controlled for move-
ment time, which was analysed for differences between
the groups.

Spearman’s correlation was used to analyse relationships
between self-rated functioning, end-point variability and
‘Seated scapula/glenohumeral medial and lateral rotation’
among patients.

A statistician performed a sample size calculation to verify
the ability to detect group differences for the proportions of
positive movement control tests with the McNemar test [29].
With a prevalence of 65% in one group and 25% in the
other, a power of 80% and «=0.05, we needed 17 partici-
pants in each group.

Results

Characteristics of patients and pain-free controls are pre-
sented in Table 1.

Table 2 shows the results of goal-directed pointing.
Patients showed similar end-point variability in the light on
conditions, but not when abduction was performed in the
darkness. In darkness, the end-point variability was greater in
patients than in controls (p=0.015). Notably, when con-
trolled for movement time, end-point variability showed sig-
nificant differences between groups for both Adduction with
vision (p=0.022) and Abduction in darkness (p=0.044),
while Abduction with vision did not reach significance
(p =0.084) (not shown in table).

Table 1. The results from the pain measurement and questionnaires among
the patients with upper quadrant pain (patients, n=17) and the pain-free
controls (controls, n=17).

Patients Controls p-Value®
NDI (0-50), md (range) 31 (9-32) 1 (0-8) <0.001
DASH (30-150), md (range) 86 (48-118) 30 (30-48) <0.001
TSK (17-68), md (range) 32 (22-50) 25 (12-34) 0.001
VAS (0-100), md (range) 46 (24-36) Not applicable

“Related samples Wilcoxon Signed Rank Test.

NDI: Neck Disability Index; DASH: The disability of the arm, shoulder and hand
questionnaire; TSK: The Tampa Scale of Kinesiophobia; VAS: Visual
Analog Scale.

Table 2. Results of goal-directed pointing; median (min-max) of end-point
variability and movement time for the patients with persistent upper quadrant
pain (patients, n=17) and the pain-free controls (controls, n=17).

Goal directed Median ellipse Movement
pointing volume (cm®)  p-Value® time (s) p-Value®
Adduction with vision
Patients 0.29 (0.04-11.43) 0.093 0.73 (0.39-1.14)  0.309
Controls 0.22 (0.03-1.01) 0.61 (0.46-1.19)
Abduction with vision
Patients 0.15 (0.03-24.62) 0.246 0.55 (0.31-0.87)  0.407
Controls 0.12 (0.02-1.48) 0.50 (0.27-0.77)
Abduction in darkness
Patients 6.73 (1.13-86.34) 0.015 0.60 (0.30-0.88) 0.210
Controls 4.57 (1.19-11.86) 0.52 (0.37-0.86)

*The related samples Wilcoxon Signed Rank Test was used for comparisons
between groups.

Adduction with vision: pointing with the right hand to a target diagonally to
the left under full vision; Abduction with vision: pointing with the right hand
to a target diagonally to the right under full vision; Abduction in darkness:
pointing with the right hand to a target diagonally to the right in
total darkness.

Table 3 shows results from the movement control test
battery. According to the predefined criteria for neck move-
ments, more patients than controls showed restricted ROM.
During active neck extension, more patients also showed an
excessive mid-cervical anterior translation and their move-
ments did not look smooth and easy. Two patients could not
perform 20 fast rotations in the glenohumeral joint.

The associations between end-point variability and
degrees of medial rotation, performance time for 20 fast
shoulder rotations and self-rated functioning in patients are
shown in Table 4. No significant correlations were found
between end-point variability and self-rated functioning, nor
between end-point variability and the measures of neuro-
muscular control of the glenohumeral joint.

Discussion

This study demonstrates that people with upper quadrant
pain can have higher end-point variability in goal-directed
reaching than healthy controls. The acuity reduction was
most prominent when they pointed in the non-vision condi-
tion. The reason for the higher end-point variability among
patients could be expected as upper quadrant pain may lead
to impaired proprioception [7,9,30]. When participants’ vari-
ability was controlled for the effect of movement time, sig-
nificant differences between groups were found for both
vision (when pointing in adduction) and the non-vision con-
dition. Notably, movement time did not confound movement
accuracy in darkness. Possibly because proprioceptive deficits
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Table 3. Comparisons of the outcomes of the tests included in the movement control test battery between the patients with persistent upper
quadrant pain (patients, n=17) and the pain-free individuals (controls, n=17).

Patients Controls Odds ratio p-Value
Seated head turn test
Positive test, n (%) 16 (94) 10 (59) 9 (1.0-83)° 0.031°
Visible chin poke (yes), n (%) 4 (24) 1(6) 5 (0.5-50)? 0.250°
Visible lateral flexion (yes), n (%) 10 (59) 7 (41) 2 (0.5-8)? 0.508°
Restricted ROM (yes), n (%) 11 (65) 2(12) 14 (2-81)° 0.007°¢
Jerkiness (yes), n (%) 11 (65) 5 (29) 4 (1-19)? 0.058°
Seated neck extension test
Positive test, n (%) 16 (94) 13 (76) 0.2 (0.2-2)% 0.250°
Visible chin poke (yes), n (%) 8 (65) 5(29) 2 (0.52-8.76)% 0.375°
Upper cervical in ext during return (yes), n (%) 10 (59) 9 (53) 1.27 (0.33-4.93)° 1.000°
Mid cervical anterior translation (yes), n (%) 9 (53) 2(12) 8.44 (1.46-48.85)° 0.016°
Restricted ROM (yes), n (%) 11 (65) 2(12) 13.75 (2.32-81.49)° 0.012°
Jerkiness (yes), n (%) 12 (71) 6 (35) 5.50 (1.22-24.81)° 0.008°¢
Seated scapula/glenohumeral rotation test A
Positive test, n (%) (35) 5 (29) 0.76°
Medial rotation, right side (degrees), m (SD) 13 (12) 33 (20) 0.006¢
Seated scapula/glenohumeral rotation test B
20 fast rotations right arm (s), m (SD) 34 (19) 16 (5) 0.005¢
Scapular abd-add in four-point kneeling
Positive test, n (%) 10 (59) 8 (65) 0.76 (0.18-3.23)° 0.754°

°For these dichotomised variables, chi-square was used to investigate the odds for showing the movement impairment if you are a patient.
PFor these dichotomised variables, McNemar test was used to investigate differences between groups, exact significance is used for this test.
For these dichotomised variables, McNemar test was used to investigate differences between groups, asymptotic significance is displayed for

this test.

9The related samples Wilcoxon Signed Rank Test was used for comparisons between groups.

Table 4. Associations (Spearman’s correlations, r;) between end-point variability, the seated scapula/glenohumeral medial and lateral rotation test and self-rated

functioning in patients with persistent upper quadrant pain (n=17).

Seated scapula/glenohumeral

Pain measurements and questionnaires medial and lateral rotation test

DASH TSK NDI VAS 20 fast Medial rotation
(30-150) (17-68) (0-50) (0-100) rotations (s) (degrees)
Seated scapula/glenohumeral medial and lateral rotation test
20 fast rotations (s) 0.627° 0.247 0.581° 0.355
Medial rotation (degrees) -0.611° 0.220 0.689° —0.579°
End-point variability (cm®)
Adduction with vision 0.404 —0.162 0.334 —0.303 0.064 —0.210
Abduction with vision —0.074 —0.042 0.021 —0.368 0.292 —0.080
Abduction in darkness —0.108 0.193 0.104 0.357 0.018 —0.039

3p <0.001; ®p < 0.05.

NA: not applicable; NDI: Neck Disability Index; DASH: The disability of the arm, shoulder and hand questionnaire; TSK: The Tampa Scale of Kinesiophobia; VAS:

Visual Analog Scale.

Adduction with vision: pointing with the right hand to a target diagonally to the left under full vision; Abduction with vision: pointing with the right hand to a
target diagonally to the right under full vision; Abduction in darkness: pointing with the right hand to a target diagonally to the right in total darkness.

in patients with upper quadrant pain [7] surface when visual
feedback cannot be used to control the movement.

When analysing the associations between end-point vari-
ability and self-rated functioning in patients, we found no
significant correlations. As discussed previously, it is possible
that vision may compensate for potentially reduced somato-
sensory feedback, that is, joint positional sense, and thus
normalise pointing variability. Neither did we find any signifi-
cant correlations between end-point variability and the range
of glenohumeral medial rotation or the ability to perform
fast rotational movements in the glenohumeral joint. Instead
we found significant correlations of moderate effect size
between arm and hand (DASH) and neck (NDI) disability and
aforementioned shoulder tests. The ability to perform these
tests were also clearly reduced in patients when compared
to healthy controls. In our study, the rotational range was
~20° reduced. As described earlier, a decreased range of gle-
nohumeral medial rotation can be an indicator of impaired

scapular control [19] and decreased muscle length or
increased stiffness in the posterior deltoid, infraspinatus,
teres minor, and/or the posterior capsule [31]. It has been
explained that if these muscles are too short or stiff, they
might contribute to humeral anterior glide during overhead
motions and horizontal adduction [31,32]. This alteration in
the precision of patients’ shoulder movements might in turn
have contributed to pain and inability to perform fast rota-
tional movements.

The fact that patients showed slightly more movement
impairments during the tests of movement control in the
cervical spine and gleno-humeral joint when compared to
the pain-free study participants is in accordance with an ear-
lier study investigating prevalence of movement impairments
in patients with neck pain [15] and with low back pain [33].
This strengthens the importance of including tests of move-
ment patterns in the examination as suggested earlier
[16-19,34,35]. It has to be stressed though that, as shown in
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this study (Table 3), a test can be scored positive due to vari-
ous reasons and it is important to further examine what spe-
cific movement impairment a patient shows. A movement
impairment could be due to altered muscle recruitment pat-
terns [30,36,37] (e.g. when there is an excessive mid cervical
anterior translation during neck extension [18,20]) and/or
relatively more stiffness in one joint/segment compared to
another (e.g. a chin poke during neck rotation, when there is
relatively more stiffness in the lower cervical spine than in
the upper cervical spine), muscle shortness or decreased
strength [16,17,19]. For example, in the seated neck exten-
sion test, where a high percentage of the participants did
not correctly perform the test, patients showed more move-
ment impairments including lower ROM, inability to control
mid cervical anterior translation and inability to extend the
neck smoothly. These latter movement impairments likely
reflect an altered movement strategy for the task, such as a
reduced deep cervical flexor activity. A reduced activity of
the deep cervical flexor muscles in patients with neck pain
has been shown earlier [38] and this ability is often eval-
uated using the craniocervical flexion test [39]. Another mat-
ter that has to be stressed is that the primary focus of these
movement control tests is their association with symptoms
[16,17,19,23]. When using the tests in clinical practice, first a
patient’s preferred alignment or movement strategy during
the movement test is observed. If an impairment of align-
ment or movement is observed and the patient expresses a
symptom response, the test is repeated with an appropriate
correction/modification and the patient’s response is re-eval-
uated for symptoms and/or quality of motion [16,17,19].
Upon completion of several tests, the findings are reviewed
to determine if there is a consistent pattern of symptom
responses (increased or decreased) associated with a specific
movement direction. Consistency of responses leads to the
focus of physiotherapy treatment [16,17,19].

Some of the movement impairments investigated in this
study were also evident among the pain-free study partici-
pants. These findings suggest that movement system impair-
ments are not single, isolated events but are common and
probably affected by lifestyle. According to the kinesiopatho-
logical model, they could, potentially, hold the risk for future
development of clinical symptoms not yet manifested among
the pain-free study participants [16,17,23]. However, a direct
relationship between positive test findings and future health
deficits can only be determined with prospective studies.
Accordingly, it has been suggested that disability and human
movement should be interpreted in the framework of com-
plex adaptive (or dynamical) systems, and that movement
behaviour, health and pain development thus depend on
intricate interactions of multiple factors of the individual and
the environment [40].

We have a few methodological considerations. Firstly, we
included patients who actively sought care at an outpatient
physical therapy clinic for persistent pain in the neck/shoul-
der area. This strengthens the generalisability regarding
patients seeking care, but might not be generalisable to
other populations of people with upper quarter pain.
Secondly, the pain-free study participants who were selected

as controls were matched regarding sex and age, but not to
any lifestyle factors such as physical activity level, or psycho-
social factors such as fear avoidance or kinesiophobia, which
might influence the results. Thirdly, the seated neck exten-
sion test evaluated both eccentric (during neck extension)
and concentric (during the return) control of the deep neck
flexors, which is different from other studies [22]. Fourthly,
the participants were asked to place the pointer as fast and
accurately as possible. Some participants might have priori-
tised to do it as accurate as possible whereas others as fast
as possible. Fifthly, many findings were significant, but the
results of this study must be interpreted in light of the sam-
ple size of 34 participants and possible risks of type | errors.

Conclusion

This study provides preliminary evidence that patients with
persistent neck/shoulder pain can partly compensate pro-
prioceptive deficits in goal-directed arm movement when vis-
ual feedback is present. There were significant differences
between patients and pain-free study participants in their
ability to accurately reach the target, neck movement pat-
terns and degrees of shoulder medial rotation. Considering
the size of the differences and size of the variability found in
the controls, these findings have to be investigated further
before conclusions can be drawn.
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