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Hypothesis and background: Proprioception is an important element of shoulder dynamic stability. It
has been shown to be affected in cases of capsular or labral injuries of the glenohumeral joint. Therefore,
this study was conducted to investigate bilateral shoulder proprioception by active reproduction of joint
position both in patients with post-traumatic recurrent unilateral shoulder instability and in normal healthy
volunteers.

Methods: We compared 41 patients, comprising 11 female and 30 male patients with an average age of
25.6 years (range, 18-39 years), with post-traumatic unilateral anterior shoulder instability with a control
group of 27 healthy volunteers with no history of shoulder problems and with normal shoulder function
during examination. All patients were examined using a high-accuracy computer-controlled electronic go-
niometer (Propriometer). The error of active reproduction of joint position (EARJP) was measured in abduction,
flexion, external rotation, and internal rotation in both shoulders.

Results: We observed a significant deficit in the EARJP in the unstable shoulders within the instability
group. Surprisingly, similar results were recorded for the contralateral, unaffected shoulders within this
group of patients compared with the control group. Joint acuity increased with higher elevation of the arm
position.

Conclusion: Unilateral shoulder injuries, resulting in instability, affect proprioception in both shoulders,
as demonstrated by an increased EARJP. This is the first report of unilateral shoulder instability coexist-
ing with inferior proprioception in both shoulders.

Level of evidence: Basic Science Study; Kinesiology
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The definition of “proprioception,” as formulated by
Goble,” refers to the ability of an individual to determine body
segment positions and movements in space. Proprioception
is based on sensory signals provided to the brain from muscle,
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joint, and skin receptors as a part of neuromuscular control
of the body. This neuromuscular control may become dys-
functional when the nervous reflex is disrupted, which might
be reflected in impaired proprioception.
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Clinically, the relationship between injuries and im-
paired proprioception has been widely studied in lower-
extremity pathologies.”''***’ Several studies, including a recent
meta-analysis,'® have shown impaired proprioception in pa-
tients with shoulder injuries, such as glenohumeral instability
or shoulder impingement syndrome.>'**"*!> Because of its
vast mobility, the shoulder joint is inherently unstable, relying
heavily on the synchronicity of its active and passive struc-
tures for dynamic neuromuscular control. Joint position sense
(JPS) for the shoulder has been tested with several different
methods, in which an error between a presented target po-
sition and the ability to reproduce this position represents the
accuracy of JPS.?3*6064 Motion in different planes has been
used to test shoulder JPS, including internal and external
rotation,”**% elevation in different planes,**** and function-
al movements.”* Because most functional activities involve
muscle contraction, active joint position reproduction and sense
may better represent the afferent input necessary for func-
tional activities.” Elevation may be a more appropriate protocol
for representing functional activities, as internal and exter-
nal rotation mainly comes from the glenohumeral joint and
is not as functional a movement for the general population.™

The clinical significance of proprioception in the patho-
genesis of shoulder instability has been demonstrated, with
reports describing injury-related proprioception disorders* and
a recovery of the proprioceptive capabilities after surgical
reconstruction.'®*® However, results described in the litera-
ture frequently have not taken into consideration contralateral
shoulder proprioception. We hypothesized that unilateral shoul-
der instability would be associated with deficiency in ipsilateral
shoulder JPS and inferior proprioception compared with the
normal shoulder in the healthy population. We also assumed
that joint acuity would be better with higher deviation from
the neutral position. Therefore, this study was conducted to
investigate bilateral shoulder proprioception by active repro-
duction of joint position both in patients with a diagnosis of
post-traumatic recurrent unilateral shoulder instability and in
normal healthy volunteers. A secondary objective was to assess
the correlation of JPS with the angle of the tested arm position.

Materials and methods

The study was performed based on 41 patients with unilateral an-
terior traumatic shoulder instability (instability group) and 27 healthy
volunteers, serving as the control group. All the patients signed an
informed consent form. The instability group consisted of 11 female
patients (average age, 27.1 6.4 years) and 30 male patients (average
age, 25.0 = 5.4 years) with traumatic shoulder instability. Patients were
qualified for the study based on the following criteria: (1) medical
history of at least 2 anterior unilateral shoulder dislocations or
subluxations, the first of which was traumatic, and (2) examination
findings showing unilateral involvement, unilateral apprehension,
normal range of motion, and a confirmed Bankart lesion during ar-
throscopy. Patients with generalized joint laxity (based on the Beighton
score), rotator cuff tears, significant bony deformity (fracture, tumor,
osteoarthritis, or severe deficit of glenoid or proximal humerus), or
neurologic disorders were excluded from the study.

The control group consisted of 27 healthy volunteers: 17 female
volunteers (average age, 24.0 £ 2.0 years) and 10 male volunteers
(average age, 23.6 +2.3 years). Subjects were qualified for the study
based on the following criteria: (1) medical history with no shoul-
der trauma or chronic pain, (2) examination findings showing no
shoulder abnormalities or signs of laxity, and (3) age of 30 years
or younger.

None of the study participants was a professional athlete of any
kind. No significant age difference was recorded between the in-
stability and control groups or between the sexes in either group.

Proprioception measurements

Shoulder proprioception measurements were performed using a high-
accuracy computer-controlled electronic Propriometer (Progress,
Ostréw Wielkopolski, Poland),”* previously developed by our group.
The system consists of an electronic goniometer (accuracy of 0.1°)
and software that allow for precise measurement control, as well
as proper data management.

To provide standardized, reproducible conditions (eg, to elimi-
nate the impact of external factors such as noise or movement), all
proprioception tests were performed in a dedicated testing room.
Subjects used a modified rehabilitation couch (Technomex, Gliwice,
Poland) (Fig. 1). Modifications were introduced in the back support

Figure 1
tation in neutral starting position (B).

Patient and device (Propriometer) setup for evaluation of shoulder joint position reproduction for abduction of 90° (A) and ro-



Proprioception in unilateral shoulder instability

563

to allow for a sitting position test at a fixed back angle of 90° with
respect to the seat, as well as a supine test with stabilization of the
subject’s posture. A pad was used to reduce the support surface of
the shoulder and the contact of the subject’s back with the back-
rest of the chair.

Proprioception evaluation

Before proprioception evaluation, the subjects performed standard
shoulder warm-up exercises. To eliminate stimulation of the skin
receptors, the patients’ upper body was undressed to the waist with
intimate zones covered. For the same reason, contact of the arm and
shoulder with elements of the chair was minimized. To eliminate
visual and vestibular signals during the test, the head and torso were
immobilized and the eyes were covered (Fig. 1). The subjects
were given practical knowledge regarding the testing procedure and
were familiarized with the device. Shoulder proprioception was evalu-
ated as the ability to reproduce a joint position. The protocol was
based on a passive demonstration of the reference arm position fol-
lowed by active reproduction of the position. The difference between
the reference angle and the reproduced angle was determined as the
error of active reproduction of joint position (EARJP).

EARJP was measured in 12 defined reference positions in both
shoulders: flexion and abduction at 60°, 90°, and 120° and internal
and external rotation at 30°, 45°, and 60° (Fig. 1). All measure-
ments were repeated 5 times in each position. EARJP for every
measurement was calculated as the absolute value of the differ-
ence between the demonstrated angle and reproduced angle. The
mean EARIJP value for each position was calculated from the 5 single
measurements.

EARIJP values within the control group were analyzed regard-
ing the potential impact of sex, arm dominance, and extent of arm
deviation from its neutral position on proprioceptive abilities. EARJP

values within the instability patients were assigned to 1 of 2 sub-
groups: affected (unstable) shoulders and unaffected (stable) shoulders.
Finally, the results were compared in several groups as follows:
EARIJP of the control group versus EARJP of stable shoulders within
the instability group versus EARJP of unstable shoulders within the
instability group.

Statistical analysis

Statistical analysis was conducted using the Statistica software
program (version 8.2; StatSoft, Tulsa, OK, USA; www.statsoft.com).
Normality testing was performed by the Shapiro-Wilk test. Because
the distribution was not normal, nonparametric tests were subse-
quently used. The Mann-Whitney test was used to compare 2
independent samples (female patients vs male patients, dominant
shoulder vs nondominant shoulder). Kruskal-Wallis analysis of vari-
ance (ANOVA) followed by the Dunn post hoc test was applied for
multiple-group comparisons (3 reference positions, control group
vs affected shoulders and unaffected shoulders in instability group),
and the Spearman correlation index was used to assess the corre-
lation between arm position angle and EARJP. The level of
significance for all statistical analyses was set at P < .05.

Results
Influence of sex on EARJP values

A detailed analysis of EARJP values within the control group
with respect to sex is presented in Table I. No significant dif-
ferences were found when male participants versus female
participants were compared for JPS. For this reason, all

Table I  Average EARJP values with respect to sex within the control group
EARJP value
30° 45° 60° 90° 120°
Mean SD Mean SD Mean SD Mean SD Mean SD
ABD, °
F 5.5 2.2 4.1 1.9 5.0 2.5
M 4.8 2.8 4.2 2.1 3.8 1.6
P value .29 .91 .18
FLX, °©
F 5.7 2.6 3.5 1.7 3.8 2.2
M 6.5 2.5 3.5 2.0 3.7 2.2
P value .25 .79 .86
ER, °
F 3.2 1.4 2.8 1.3 3.2 1.4
M 3.4 1.2 3.0 0.9 2.9 1.3
P value .59 .21 .33
IR, °
F 4.0 1.8 2.9 1.4 3.2 1.6
M 3.8 1.6 3.4 1.4 2.9 1.4
P value .79 .23 48

EARJP, error of active reproduction of joint position; SD, standard deviation; ABD, abduction; FLX, flexion; ER, external rotation; IR, internal rotation; F,
female; M, male.
P values are based on the Mann-Whitney test.
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Table I  Average EARJP values with respect to shoulder dominance within the control group
EARJP value
30° 45° 60° 90° 120°
Mean SD Mean SD Mean SD Mean SD Mean SD
ABD, °
D 5.0 2.7 3.9 2.0 5.0 2.3
ND 5.0 2.8 4.3 1.8 3.9 1.6
P value .29 .84 42
FLX, °©
D 5.9 2.8 3.1 1.6 3.9 2.5
ND 5.9 2.8 4.0 1.9 3.4 2.0
P value .25 .76 .12
ER, °©
D 3.6 1.5 3.1 1.0 3.0 1.3
ND 3.1 0.9 2.9 1.1 3.2 1.6
P value .59 .21 .33
IR, ©
D 3.6 1.4 3.1 1.2 2.9 1.4
ND 4.1 1.9 3.2 1.7 3.1 1.6
P value .79 .23 .48

EARJP, error of active reproduction of joint position; SD, standard deviation; ABD, abduction; D, dominant shoulder; ND, nondominant shoulder; FLX,

flexion; ER, external rotation; IR, internal rotation.
P values are based on the Mann-Whitney test.

remaining analyses were performed without respect to sex
and with the data for both sexes pooled.

Influence of shoulder dominance on EARJP values

A detailed analysis of EARJP values within the control group
with respect to upper limb preference is presented in Table II.
No significant differences were found when the dominant
shoulder versus the nondominant shoulder was compared for
JPS. For this reason, all remaining analyses were per-
formed without respect to the side preference and with the
data for both sides pooled.

Influence of arm position on EARJP values

The influence of arm deviation from the neutral testing po-
sition was evaluated based on pooled EARJP results (regardless
of sex and shoulder dominance) (Fig. 2). The highest mean
value of EARJP (lowest proprioceptive ability) was ob-
served in the lowest tested angle in all directions of joint
motion: abduction, flexion, internal rotation, and external ro-
tation. However, significant differences were noted for flexion
and internal rotation (Table III), both with Kruskal-Wallis
ANOVA and the Spearman correlation coefficient. For both
flexion and internal rotation, joint position matching im-
proved with increased deviation from the neutral position.

Influence of shoulder instability on EARJP values

The average EARJP values for individual parameters within
the unilateral post-traumatic joint instability group were divided

into 2 subgroups: unstable shoulders and stable shoulders, ir-
respective of subject sex and limb dominance, as in the control
group. The detailed results are presented in Figure 2. The
average EARJP values in the control group were compared
with the results measured in the instability group. Unexpect-
edly, we observed significant proprioception dysfunction in
both unstable shoulders and stable shoulders within the in-
stability group. Similarly inferior proprioception in both
shoulders (compared with the control group) was observed
during joint abduction and flexion at nearly all angles, as well
as in external rotation at 45° and 60°. The most prominent
example of reduced proprioception in both the affected and
unaffected shoulders was recorded at 60° of abduction with
the following EARJP values: 5.1° for the control group, 8.3°
for stable shoulders, and 9.5° for unstable shoulders. We found
no significant difference in joint position matching between
the stable shoulders and unstable shoulders in the instabili-
ty group in nearly all measured directions and arm positions
(with the exception of internal rotation at 30°).

Moreover, we observed a clear reduction in the average
EARIJP values with an increasing angle of the tested posi-
tion in abduction or flexion for unstable and stable shoulders
in the instability group, which represents better joint acuity
with a higher arm position (Tables IV and V). Kruskal-
Wallis ANOVA with the Dunn post hoc test showed statistically
significant differences in the EARJP values in joint abduc-
tion and flexion for unstable shoulders between angles of 60°
and 90° (P =.012 and P =.0004, respectively), as well as
between angles of 60° and 120° (P =.002 and P = .005, re-
spectively). The observation was further confirmed when we
looked at the correlation of EARJP with the angle of the



Proprioception in unilateral shoulder instability

flexion
p=0.2
14,0
12,0 0o 1 p=0.97T p=0.05 =0.002
10,0 L2009
7I8 7ls p=
8,0 p=0.0005 +———»

=0.2 =
6/1 — E=0.0006 )
6,0 52
. 46
2,0
0,0

control  stable unstable control stable unstable control stable unstable

60 deg. 90 deg. 120 deg.
C internal rotation

14,0
12,0

10,0 p=0.6 p=0.5 p=0.2
8,0
6,0
4,0
2,0
0,0

control  stable unstable control stable unstable control stable unstable

30 deg. 45 deg. 60 deg.

Figure 2

565
B abduction
p=0.0002
14,0
p=0.03
12,0 S p=0.02
p=0.0001 p=0.3 : —
100 — 9|5 =0,
83
5|1

p=0.9
p=0.023 p=0.8
8,0 6l5 oh p=0.06
- 2le 5l6
’ 4j3 af2
4,0 z
2,0
0,0

control  stable unstable control stable unstable control stable unstable

60 deg. 90 deg. 120 deg.
D external rotation
14,0
12,0
10,0 p=0.9 p=0.6 p=0.04
8,0

p=0.9 p=0.4 =0.8
6,0 p=0.98 +——* p=0.04 p=0.04
4 3l8 3(7 3|9 4/0 4/0
4,0 3[ T T
2,0
0,0

control  stable unstable control stable unstable control stable unstable

30 deg. 45 deg. 60 deg.

Results of error of active reproduction of joint position measured for control and instability groups in flexion (A), abduction

(B), internal rotation (C), and external rotation (D). Average values for error of active reproduction of joint position, as well as P values
(Kruskal-Wallis analysis of variance), are presented for the healthy control shoulders (control), contralateral shoulders in the instability group
(stable), and affected shoulders in the instability group (unstable). deg, degrees.

Table III
comparison and correlation)

Statistical analysis of influence of angle of reference arm position on average EARJP values within the control group (sample

P value Spearman correlation
60°vs90°  90°vs120°  60°vs120°  30°vs45°  45°vs60°  30°vseoe  coefficient/Pvalue
ABD .72 >.999 45 r=-0.12/P > .05
FLX ,000001 >.999 ,00008 r=-0.39/P < .05
ER 49 >.999 28 r=-0.13/P > .05
R .09 >.999 .008 r=-0.25/P < .05

EARJP, error of active reproduction of joint position; ABD, abduction; FLX, flexion; ER, external rotation; IR, internal rotation.

P values are based on the Kruskal-Wallis analysis-of-variance test.

reference arm position using the Spearman correlation index.
For stable shoulders in the instability group, we found a sig-
nificant negative correlation between EARJP and a higher
flexion and elevation position of the arm (better acuity with
a more elevated arm).

Discussion

By investigating active reproduction of the joint position at
various angles and in various directions of shoulder move-
ment, we found better joint acuity with an increase in the
reference angle, represented by a significant decrease in the
EARIJP value. This correlation seems to be universal regard-
less of instability because it was found similarly in both groups.

The observation has been supported by other studies, in which
EARIJP values were also higher (lower acuity) in the mid-
range than in the end range of the joint.”***"* In the midrange,
JPS is provided mainly by muscle mechanoreceptors, owing
to the relative looseness of the joint capsule in this position
compared with large variations in the muscle length.** In
contrast, extending the range of joint motion close to its final
range results in increased ligament and capsule tension and,
as a consequence, might result in amplified afferentation from
mechanoreceptors localized there. We found in our study only
low variance regarding the proprioceptive capabilities among
healthy volunteers. No significant mean differences were
shown between the dominant and nondominant shoulders for
any of the test conditions or between male and female
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Table IV  Statistical analysis of influence of angle of reference arm position on average EARJP values within instability group for un-

stable shoulder (sample comparison and correlation)

P value Spearman correlation
60°vs 90°  00°vs120°  60°vs120°  30°vs45°  45°vs60°  30°vse0°  coefficient/Pvalue
ABD  .012 >.999 002 r=-0.30/P < .05
FLX 0004 >.999 .005 r=—-0.30/P < .05
ER >.999 >.999 >.999 r=0.04/P > .05
R >.999 72 r=—0.12/P > .05

EARJP, error of active reproduction of joint position; ABD, abduction; FLX, flexion; ER, external rotation; IR, internal rotation.

P values are based on the Kruskal-Wallis analysis-of-variance test.

Table V
shoulder (sample comparison and correlation)

Statistical analysis of influence of angle of reference arm position on average EARJIP values within instability group for stable

P value Spearman correlation
60°vs90°  90°vs120°  60°vs120°  30°vs45°  45°vs60°  30°vseoe  coefficient/Pvalue
ABD .09 .09 .09 r=-0.28/P < .05
FLX 12 12 12 r=-0.22 P<.05
ER >.999 >.999 9 r=0.09/P > .05
R >.999 67 r=0.12/P > .05

EARJP, error of active reproduction of joint position; ABD, abduction; FLX, flexion; ER, external rotation; IR, internal rotation.

P values are based on the Kruskal-Wallis analysis-of-variance test.

participants. This observation is consistent with previous
repOrtS.&B‘“'SlM

However, the most important part of the study and its
findings is related to the issue of instability and proprioception.
Numerous authors have hypothesized that a neurofeed-
back mechanism exists between afferent mechanoreceptors
and muscular stabilizers and that disruption of this mecha-
nism inhibits normal joint stability,'*?>37#34447.5861.62 Tndeed,
patients with anterior instability have shown impaired pro-
prioception in their unstable shoulders compared with their
contralateral, uninjured limbs,*** which was also shown in
our study. However, our finding of significant deficiencies
in EARJP in both shoulders in the instability group, when
compared with the healthy control group, was unexpected.
Moreover, we did not observe statistically significant differ-
ences between JPS values for both the stable and unstable
shoulders within the instability group. Such a contralateral
proprioception deficit for patients with unilateral traumatic
anterior shoulder instability has not been reported so far.
Finding the exact explanation for this phenomenon may be
difficult, there is relatively limited amount of data for criti-
cal analysis. A few possible explanations can be postulated:

* Unilateral mechanoreceptor damage affecting central
control

* Pre-existing proprioception deficits, leading to an in-
creased risk of instability

e Limited activity due to shoulder instability, leading to
a decreased overall proprioception ability

* Anxiety and behavioral factors affecting central neuro-
muscular control

The only study reporting bilateral proprioceptive deficits
in unilateral shoulder disease is that of Sahin et al,”> who
showed that in patients with subacromial impingement syn-
drome, the proprioceptive impairment was observed not only
in the involved shoulders but also in the uninvolved shoul-
ders, when compared with the control group. However, the
possible explanation has not been deeply discussed. The mech-
anism of proprioception and its deficit may be different in
instability and impingement patients. In the first example, a
clear association of joint sense and abnormal function of
mechanoreceptors (due to tissue damage and loosening) has
been proposed.'®* Painful conditions indicate that a central
mechanism affects JPS. Some authors have suggested that pro-
prioception may be mediated using pain as a protective
indicator of danger or harm.®”**’ Instability is not typically
a painful condition; however, it is associated with apprehen-
sion in the elevated arm position (especially abduction and
external rotation). This leads to the signaling of the possi-
bility of dislocation, which further results in discomfort. We
have observed significant deficiencies in proprioception in un-
stable shoulders in positions corresponding to the strongest
apprehension presented by patients during clinical examina-
tion. A recent series of studies on shoulder apprehension
demonstrated changes in central neuronal processes based on
functional magnetic resonance imaging.”®” When assessing
sensorimotor areas of the brain, including the cortex, the
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authors found increased connectivity in a bilateral brain lo-
cation in patients with unilateral shoulder apprehension.” They
assumed that cognitive processes related to apprehension were
generalized and independent from the side of shoulder in-
stability. Moreover, Zanchi et al®” stated that decreased
proprioception may be a projection of cognitive and/or be-
havioral problems (anxiety related to fear of instability) and
mirroring of function in bilateral problems. This is also sup-
ported by the study of Shitara et al*® in which they postulated
that patients may have so-called memory-induced shoulder
apprehension. They used similar methodology (functional mag-
netic resonance imaging of the brain in shoulder instability)
and found that patients without instability were able to imagine
shoulder motion with more precision, vividness, and/or strength
than were patients with instability. Although they examined
only patients with right-sided problems, some bilateral in-
creased activity of the brain could be noted. Insight into
bilateral proprioception deficits was also given in a study on
bilateral deficits of shoulder JPS in patients with chronic hemi-
paresis due to stroke."* The authors explained the bilateral
decrease occurring during afferent processing and integra-
tion in the central nervous system. Some processing involves
2-sided structures (premotor cortical regions).

The contralateral proprioception deficits observed in this
study might therefore suggest a disturbance of central neu-
romuscular control. Moreover, the examination was performed
in an active mode, which included not only the sensory
pathway but also the motor component, which is clearly under
central control. Animal studies provided limited support for
the thesis of unilateral damage leading to bilateral sense
disturbance,” with pioneering work performed in cats in
1966."" Afferent stimulation failure, due to limb injury or im-
mobilization, creates a reaction in both the ipsilateral and
contralateral spinal centers, as a result of the function of the
C3 and C4 propriospinal neurons.”** Neurophysiological ex-
amination also showed activation at the same spine level in
humans.’' Decreased proprioception in unstable shoulders has
been shown to improve significantly after labral repair and
rehabilitation.***7%% It is hypothesized that after repair, the
joint and muscle receptors responsible for position sense and
the ability to detect movement may be activated, which in
turn may result in an improvement in neuromuscular control
of the shoulder and restoration of reflex protective mecha-
nisms. It will be interesting to observe whether proprioception
normalizes in the studied cohort after successful surgery and
rehabilitation and whether these issues affect both shoul-
ders. This is the subject of an ongoing study.

Because proprioception plays a fundamental role in human
movement control for daily activities, exercise, and sports,
the importance of central processing in understanding pro-
prioception has been especially recognized in recent
years.?"*3% However, it is still vague whether an abnor-
mal motion pattern appears as a result of shoulder instability
or whether the shoulder dislocation occurs as a result of a
previously occurring abnormal motion pattern and its control
in the cerebral nervous system. Such a possibility has been

claimed by Roberts et al,”® who studied knee propriocep-
tion. They found a decreased proprioceptive ability not only
in injured knees (unilateral anterior cruciate ligament recon-
struction) but also in uninjured knees, as compared with healthy
controls. Moreover, Koralewicz and Engh® found bilateral
proprioception deficits in patients with unilateral knee os-
teoarthritis, as compared with an age-matched group of healthy
controls. They postulated that decreased activity associated
with knee pain may lead to the decrease in proprioceptive abil-
ities. Obviously, patients with shoulder instability limit their
activity because of the increased risk of dislocation. Another
explanation was attributed to the central loss of propriocep-
tion, which may induce knee degeneration, as occurs in
Charcot joints. The existence of primary proprioception dys-
function could lead to a higher susceptibility to injuries and
an increased risk of instability. Nontraumatic shoulder
instability without tissue damage caused by abnormal neu-
romuscular control and muscle patterning has been widely
described.'™*" This pathology usually affects both shoul-
ders. For such patients, a rehabilitation program without any
surgical intervention is the main treatment and is mostly
successful.'™** Authors have suggested integration of periph-
eral, visual, and vestibular input at all levels of central
programming to restore neuromuscular control.'*!>

Study limitations

One of the limitations of our study is that we cannot distin-
guish the real reason for bilateral instability. This is partly
related to the methodology of proprioception assessment.'***’
We used the active mode to reproduce the angle. Therefore,
we assessed not only the sense itself but also the ability to
actively control the arm. On the other hand, this type of eval-
uation seems to be more functional and corresponds with
activities of daily living. Obviously, we could not also assess
brain function or nerve conduction, which would be inter-
esting to observe and may be the subject of further studies.
Another interesting issue would be the behavior of JPS in
the set of patients postoperatively, mostly to determine whether
the bilateral deficits improve with shoulder recovery in both
shoulders or 1 shoulder. They may possibly be persistent in
all or some patients as is the case with persistent apprehen-
sion in some patients after shoulder stabilization. Another
limitation is uneven matching of female and male partici-
pants between the groups: There was a higher proportion of
female participants in the control group than in the instabil-
ity group. We assumed that in our groups, this issue would
not have affected the results because there was no differ-
ence in EARJP between the sexes in the control group and
the results were pooled. No analysis was performed to in-
vestigate the influence of sex and arm dominance in the
instability group. We assumed that it would not matter because
there was no difference related to those factors in the control
group. This issue is beyond the scope of our study. We did
not specifically measure the physical activity of the study
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