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Abstract
Introduction Over the last decade, proprioceptive function gained increasing attention in joint disorders such as
instability of the shoulder. Common tests for evaluation of
proprioception are limited by their complexity and high
technical demands. Thus, they are hardly applicable during
daily routine. Our hypothesis was that the simplified
‘‘laser-pointer assisted angle reproduction test’’ (LP-ART)
presented here allows for clinically feasible assessment of
proprioceptive shoulder function.
Methods Active angle reproduction capability as an
aspect of sensorimotor function was evaluated with the
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new method in patients with shoulder instability (n = 24)
and healthy controls (n = 24). 15 patients had traumatic, 9
non-traumatic anterior instability (6 bilateral), 17 were
treated surgically, 13 non-operatively. Tests were performed in flexion and abduction in different angles (55°,
90°, 125°) in randomized order.
Results Angle reproduction capability was worst below
shoulder level (55°) in all groups. Best results were
achieved at shoulder level (90°). Healthy controls showed
overall better results than patients with instability.
Patients after surgical stabilization had better results in
55° and 90° abduction compared to instability patients
before surgery.
Conclusions The new LP-ART presented here is a technically simple, yet effective instrument for evaluation of
the proprioceptive function of the shoulder. In contrast to
former test setups it is feasible in daily routine. Compared
to healthy controls, patients with unstable shoulder joints
show significant proprioceptive disorders that can be
quantified by the LP-ART.
Keywords Proprioception  Instability  Shoulder 
Angle reproduction test  Joint position sense

Introduction
In the beginning of the last century, Perthes postulated the
importance of the joint capsule and glenohumeral ligaments for the stability of the shoulder joint [23]. More than
80 years ago, Bankart first described the typical labral tear
as the main cause for posttraumatic anterior shoulder
instability, referred to as ‘‘Bankart-lesion’’ [5]. As a result
he developed the surgical refixation-procedure of the labrum which is used until today.
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During the last decade, the sensorimotor function gained
growing attention in joint stability disorders [10, 32].
Especially in the shoulder joint, where stability is mainly
provided by muscles and tendons, proprioceptive function
seems to be of high importance [16, 31].
Proprioception is defined as the sense of position and
movement of the body and extremities. The joint position
sense (JPS) provides the organism with information about
speed and direction of active and passive movements
without visual control. Specific receptors (proprioceptors,
mechanoceptors) located in the skin, muscles and tendons
detect the proprioceptive information and send it to the
central nervous system. The sense of positioning is transmitted through the muscle spindle receptors measuring
lengthening of the muscles and through the Golgi tendon
organ measuring muscle tension. Proximal joints (e.g.
shoulder) have a lower sensory threshold than distal joints
(e.g. fingers). Injury to tissues containing the respective
receptors can cause proprioceptive deficits [17].
Despite their clinical importance studies in this field are
rare. This might be explained by the complexity and poor
practicability of existing tests [14]. Jerosch and Potzl have
used a motion-analyzing system with passive reflecting
markers and a CCD-camera connected to a computer system for documentation of joint positioning [16, 24].
Although this setup is validated for standardized measurements of proprioceptive function, it is hardly feasible
during clinical routine.
More extensive research on proprioceptive function of
the shoulder joint would lead to improvements in surgical
as well as conservative treatments. Therefore, reproducible
and easy to use test setups are an important precondition.
In our study, we have evaluated a new method for active
angle reproduction measurement which we called ‘‘the
laser-point assisted angle reproduction test’’ (LP-ART).
Our hypothesis was that the simplified test setup presented
here allows for clinically feasible assessment of proprioceptive shoulder function.

Patients and methods
A total of 48 subjects in two different groups were tested with
the LP-ART. One group included 24 patients with shoulder
instability (7 female, 17 male; mean age 24.7 ± 5.3), of
whom 6 had affections of both shoulders. Thus, 30 instable
shoulders were included in the study, of which 17 had been
treated operatively and 13 without operation (Table 1). This
group was compared to 24 healthy controls (13 female, 11
male; mean age 24.7 ± 1.1).
All participants of the study were asked to fill out a
questionnaire that comprised age, gender, height and
weight, general condition, physical practice, history of
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Table 1 Overview of patient collective
#

Gender

Age

Trauma

Side

Surgery

1

F

25

Y

R

N

2

M

25

Y

R

Y

3

M

31

Y

L

Y

4

M

27

Y

R

Y

5

M

31

Y

L

Y

6

F

24

Y

L

Y

7

M

27

Y

L

N

8

M

26

Y

L

Y

9

F

37

N

R/L

N/N

10

M

31

N

R/L

Y/Y

11
12

M
M

21
19

Y
Y

R
R

N
N

13

M

25

N

R/L

Y/N

14

M

18

Y

L

Y

15

M

17

Y

L

Y

16

M

30

Y

L

Y

17

F

26

N

R/L

N/Y

18

M

18

N

L

Y

19

M

18

N

L

N

20

F

17

N

R/L

N/Y

21

M

28

Y

R

Y

22

M

21

Y

R

N

23

F

25

N

L

N

24

F

26

N

R/L

N/Y

F female, M male, Y yes, N no, R right, L left

trauma and respective treatment, subjective evaluation of
shoulder complaints like pain, reduction in range of
motion, and instability (0 = no complaints, 4 = maximal
complaints). Test persons were also asked to specify their
activities immediately prior to test including physical
activity, alcohol consumption, and sleep.
Inclusion criteria were traumatic (n = 15) or non-traumatic (n = 9; 6 bilateral) anterior shoulder instabilities;
full and painless motion of both shoulder joints; below
40 years of age; free from acute shoulder symptoms. The
control group consisted of healthy students below 40 years
of age which were free from chronic or acute shoulder
disorders and had no history of shoulder trauma.
The laser-pointer assisted angle reproduction
test (LP-ART)
To prevent external stimulation of mechanoreceptors
located in the skin [11] all subjects were examined with
bare chest (females wearing bikini). The test person was
standing at a marked line on the floor that was drawn
parallelly and in one meter distance to a target board fixed
on the opposite wall (Fig. 1a). The target board was
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Statistical methods
Statistical analysis was performed using Microsoft Excel
2000 and SPSS Version 15.0. The normal distribution was
proven by the Kolmogorov–Smirnov test, comparison of
means was done by paired and unpaired t-tests. Level of
significance was set at P \ 0.05.

Results
General data

Fig. 1 LP-ART test setup. a patient positioning, b laser pointer
affixed to the dorsal aspect of the subject’s wrist. c Target board with
standardized coordinate system indicating the different angles of
motion

adjustable in height so that point zero could be aligned
individually with the glenohumeral joint of every patient.
A standardized coordinate system drawn on the target
board indicated the different angles of motion (Fig. 1c),
which were calculated using the formula: r = 100 cm 9
tan a. A laser-pointer was affixed to the dorsal aspect of
the patient’s wrist with a Velcro strap (Fig. 1b). The test
person was asked to raise their affected arm from hanging
(neutral) position to aim for assigned points at 55°, 90°
and 125°. The 90° position was defined as point zero. The
patient was required to memorize the different joint
positions. In the next step, the patient’s eyes were covered
to inhibit visual control. Then they were asked to reproduce the same joint positions as before in a randomized
order. The coordinates of the position where the laserpointer finally came to rest were marked and documented by an independent observer, without informing
the patient.
This procedure was repeated 3 times for flexion and
abduction respectively, so that 36 points were recorded for
each subject. The evaluation of one patient took approximately 15 min. The deviations from the given angles
(55°, 90°, 125°) were measured on the x- and y-axis.
Absolute angle-deviations [c] were calculated with
Microsoft Excel 2000 using the pythagorean proposition:
c = Hx2 ? y2. The means of angle-deviation of both
shoulders (dominant and non-dominant) of the controls
were compared to the instable as well as the stable
shoulder joints of the patients.

Five controls performed overhead sports regularly (3.6 h
per week) and 14 preferred endurance training. In the
patient group, 11 performed overhead sports regularly
(3.2 h per week) and 3 preferred endurance sports. 19
patients reported no or minimal pain, 2 patients reported
moderate pain and 3 patients reported strong or maximum
pain. Control subjects did not have any pain while using
their arm. 10 patients did refer no or minimal deficits in
range of motion, 8 referred about moderate and 6 about
strong or maximum deficits. Subjective feeling of instability was absent or minimal in 10 patients, moderate in 2
and strong or maximum in 12 patients. The range of motion
necessary for the different tests was achieved without pain
in all subjects.
Controls
There were no significant differences between the dominant and non-dominant shoulder in the control group so
that in further analyses the mean values of both shoulders were combined. Significant differences in angle
reproduction capability (ARC) were found in the following measurements (Fig. 2): 125° versus 90° flexion
(P = 0.012); 90° versus 55° flexion (P = 0.003); 90°
versus 55° abduction (P = 0.004). In flexion as well as
abduction the best ARC was achieved at shoulder level
(90°) and the worst below shoulder level (55°). No
significant differences were found between men and
women.
Patients
Unstable versus stable (contralateral) shoulders
To compare unstable to stable contralateral shoulders the
six patients with bilateral instability were excluded. Thus,
18 stable shoulders were compared to 24 unstable shoulders (Fig. 2). In 55° flexion, best results in ARC were
achieved with the unstable shoulder, whereas in 90° and
125° the stable shoulders achieved better results (Fig. 2a).
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Fig. 2 Controls versus unstable
and stable patient shoulders.
Diagram showing the results of
the angle reproduction test in
flexion (a) and abduction (b).
The numbers within the
columns show the mean degrees
of angle-deviation. PG patient
group

For abduction, best accuracy was achieved with the
unstable shoulder at 90°, whereas worst results were
achieved at 55° (Fig. 2b). None of the differences were
significant.
When comparing the ARC of abduction in unstable
shoulders, best results were achieved at 90° and worst
results at 55°. The differences were statistically significant
(P = 0.009). For the stable shoulders significant differences were found when comparing 90°–55° abduction
(P = 0.038). With the unstable shoulder men (n = 17)
presented significantly better results than women (n = 7)
in 125° flexion (P = 0.006). At all other angles as well as
for the stable shoulder there were no significant
differences.
Traumatic versus non-traumatic instabilities
Concerning flexion, the non-traumatic unstable shoulders
were slightly better at 90° and 55°, whereas at 125° the
traumatic shoulders were significantly better (P = 0.011).
Regarding abduction, the traumatic unstable shoulders
were slightly better at all angles without reaching statistical
significance (Fig. 3).
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Operated versus non-operated shoulders
The accuracy in ARC was better for operated (n = 13)
compared to non-operated (n = 17) unstable shoulders at
all levels except for 55° flexion, but none of the differences
were significant (Fig. 4).
Controls versus patients
Angle-deviations of the controls (n = 24) were either
compared to unstable (n = 24) or to stable (n = 18)
patient shoulders (Fig. 2). For flexion as well as abduction
best results were achieved by the control group at all
angles. When comparing control shoulders to unstable
patient shoulders, significant differences were found for
90° flexion (P = 0.002) and 125° flexion (P = 0.002),
125° abduction (P = 0.035) and 55° abduction (P = 0.02).
When comparing control shoulders to stable patient
shoulders significant differences were found for 90° flexion
(P = 0.001), 125° abduction (P = 0.002) and 90° abduction (P = 0.03). In flexion, controls tended to deviate
medially (left with right arm and vice versa) with according
findings in the patient group.
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Fig. 3 Controls versus
traumatic and non-traumatic
instabilities. Diagram showing
the results of the angle
reproduction test in flexion
(a) and abduction (b). The
numbers within the columns
show the mean degrees of
angle-deviation. PG patient
group

Discussion
The aim of this study was to evaluate if the simplified angle
reproduction test presented here allows for clinically feasible assessment of proprioceptive shoulder function.
Several studies have addressed the methodological problems in passive and active angle reproduction tests [16, 24].
There is still no standardization for test setup, reproduction
angles, number of necessary tests and calculation of angledeviations. All these parameters can potentially be of
methodological value. Sensorimotor (proprioceptive)
function also correlates with the ability of accurate joint
positioning [20] but it is hardly possible to compare the
results of single studies with one another. The current
active and passive angle reproduction tests are suitable for
studies but not for diagnostic use.
One specific problem in our test setup occurred with the
fixation of the laser pointer to the wrist (Fig. 1b). Some
subjects tended to dorsiflex the wrist which interrupted the
laser beam. In these cases, the test had to be repeated. For
future studies, we recommend the use of an additional
brace to prevent from accidental wrist movements. A

possible weakness of our experimental design could be the
fixation of the laser pointer to the wrist with a Velcro strap,
which might have activated the mechanoreceptors. But it is
very unlikely that this activation significantly influenced
the upper extremity position sense.
Since external influences such as alcohol [3, 22], lack
of sleep [28], muscle fatigue [7, 30] or athletic activities
[1, 27] may affect proprioceptive function we evaluated
these sources of error by means of a questionnaire. None of
these factors correlated with deviant or unexpected results
in our collection. We had expected the preference in
overhead sports in the patient group since overhead athletes
more often suffer from shoulder instability [2, 8]. In the
literature, the influence of overhead sports on shoulder
proprioception is discussed controversially. Some authors
report deficits in angle reproduction capability [1, 27],
whereas others published contrary results [15]. There was
no significant difference in our collective.
The control group achieved slightly better results in
angle reproduction with the dominant shoulder compared
to the non-dominant one, a phenomenon already described
by Aydin et al. [4]. This may be because proprioception is
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Fig. 4 Controls versus nonsurgically and surgically treated
instabilities. Diagram showing
the results of the angle
reproduction test in flexion
(a) and abduction (b). The
numbers within the columns
show the mean degrees of
angle-deviation. PG patient
group

influenced by learning processes [25]. Most movements are
performed by the dominant arm, theoretically leading to
better proprioceptive abilities [25]. We tried to minimize
learning processes as far as possible; patients were not
given any feedback on their test results, their eyes were
covered and the different joint angles were tested in randomized order.
Test results controls
Interestingly, controls tended to deviate medially in flexion tests, which is most likely caused by additional
internal rotation. Several studies have shown that proprioceptive capability is more precise in external rotation [7].
This is probably caused by an increased tension of the
joint capsule, leading to increased activity of the mechanoreceptors, again leading to more precise sensorimotor function [4, 6].
Former publications did not report on gender specific
differences in ARC [16] which is in accordance with our
findings. The significantly worse results in the female
group at 125° are most likely accidental because this group
consisted of only 7 women.
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Other authors have already published that best results
were generally achieved at shoulder level, whereas worst
results were achieved below shoulder level [16]. This is in
accordance with our findings and might be explained by the
lack of tension of the joint capsule at 55° [16, 18] leading
to reduced activation of the mechanoreceptors [21]. There
are several reports that proprioceptive capabilities increase
with increasing range of motion and respective tensioning
of the capsular structures [4, 13, 15, 19]. At shoulder level
(90°) the tension is balanced [13, 19]. Interestingly, the
results at 125° were worse than at 90° although the tension
of the capsule should be higher. This could be explained by
the biomechanical properties of the shoulder joint. Movements above shoulder level are no longer performed
exclusively in the glenohumeral joint, but involve the
scapulothoracic joint as well. It can be assumed that the
more anatomical structures are involved, the less precise
proprioceptive functions become. Another explanation
might be the fact that most activities of daily living are
performed below or at shoulder level and rarely overhead
[13]. Considering that learning processes influence proprioception [25] the JPS may be best when performing
every-day movements.
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Test results patients
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