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Abstract
Background This prospective study evaluated the devel-
opment of proprioception over the course of 3 years after
shoulder arthroplasty.
Methods Twenty-one patients were enrolled who under-
went total shoulder arthroplasty (n = 10) or hemiarthro-
plasty (HEMI) (n = 11) for shoulder osteoarthritis. All
patients were examined 1 day before the operation,
6 months and 3 years after surgery in a motion analysis
study with an active angle-reproduction (AAR) test.
Results Overall proprioception measured by the AAR
deteriorated signiWcantly 3 years after surgery [from 6.6°
(SD 3.1) to 10.3° (SD 5.7); p = 0.017] and was signiWcantly
worse than in the control group [10.3° (SD 5.7) vs. 7.8°
(SD 2.3); p = 0.030). In the HEMI subgroup, 3 years after
shoulder replacement, there is a signiWcant deterioration of
proprioception at 30° of external rotation [from 3.1° (SD
3.5) to 12.8° (SD 10.7); p = 0.031]. On average, in the TSA
subgroup proprioception deteriorated from 7.1° (SD 3.1) to
8.6° (SD 1.4) and in the HEMI subgroup from 6.1° (SD
2.1) to 12.4° (SD 8.3). The comparison of postoperative
impairment of proprioception between the TSA and HEMI
subgroup showed signiWcantly worse proprioception for the

HEMI subgroup at 30° of external rotation [9.8° (SD 10.1)
vs. 1.6° (SD 6.3) in the TSA group; p = 0.046].
Conclusion In conclusion, proprioception that was mea-
sured by an AAR test remained unchanged or deteriorated
3 years after shoulder arthroplasty. The postoperative dete-
rioration of proprioception was more distinctive in HEMI
than in TSA group.
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Introduction

Shoulder arthroplasty can signiWcantly improve the func-
tion of osteoarthritic shoulders [6, 14, 15, 23]. In our prac-
tice, patients with glenohumeral osteoarthritis will receive a
total shoulder arthroplasty (TSA). As an exception, patients
with osteoarthritis which is limited to the humeral head
without eccentric erosion of a stable sclerotic glenoid (Typ
A1 glenoid according to [24]) can be treated with hemiar-
throplasty. If the glenoid shows eccentric posterior wear
(>A1), a TSR is recommended. In order to use the shoulder
for activities of daily living the concerted interaction of the
active stabilizers and the passive restraints of the replaced
shoulder joint is necessary. It is known that joint proprio-
ception plays a considerable role in stabilization of the nor-
mal healthy shoulder by helping to control muscular action
[1]. However, there are little data available about proprio-
ception of the osteoarthritic shoulder before and after sur-
gery [5, 13]. Parameters routinely examined in previous
studies include pain, satisfaction, range of motion, and
strength [4]. Because proprioception is a complex system
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that relies on central integration of various aVerent and
eVerent elements, it is more diYcult to measure propriocep-
tive performance. Up to now, there is no consensus on how
proprioception should be measured because the diVerent
components of proprioception are diYcult to examine at the
same time. For clinical purposes, most authors diVerentiate
between static proprioception and dynamic proprioception
[17]. Static proprioception is usually deWned as the position
sense, what means conscious perception of the orientation
of diVerent parts of the body with respect to another.
Dynamic proprioception is deWned as kinesthesia and the
sense of rates of movement [12].

Since the shoulder joint is balanced and centered by the
rotator cuV and the glenohumeral ligaments, it can be pos-
tulated that proprioception plays an important role in the
postoperative outcome and rehabilitation. However, to date
there are only two studies analyzing proprioception after
shoulder replacement [5, 13]. These studies have a short
follow-up period, in both cases 6 months. Cuomo et al. [5]
performed a passive and guided angle-reproduction test in
20 patients with shoulder osteoarthritis before and 6 months
after TSA with only one degree of freedom at a time and
reported improvement of proprioception. The other study
found out that 6 months after shoulder arthroplasty, propri-
oception remained unchanged or deteriorated, as assessed
by an active and unlimited angle-reproduction test with 3D
motion analysis [13]. It was assumed that this Wnding was
most likely attributable to the relatively short rehabilitation
period of 6 months. Therefore, the purpose of this study
was to examine patients treated by shoulder arthroplasty
preoperatively, 6 months and 3 years postoperatively to
Wnd out whether proprioception changes after a longer
rehabilitation period of 3 years. The same active and unlim-
ited angle-reproduction test with 3D motion analysis was
used as described before [13]. The Wndings may improve
our understanding of the role of proprioception in the post-
operative rehabilitation after shoulder arthroplasty.

Materials and methods

Subjects

Patients with two diVerent types of shoulder arthroplasties
were examined:

1. Ten consecutive patients underwent third-generation
TSA (Aequalis Shoulder; Tournier, Lyon, France) for
degenerative osteoarthritis of the humeral head and
glenoid with a mean age of 75 years [standard devia-
tion (SD) 4.7 years]. There were seven women and
three men [mean height 167.0 cm (SD 11.0); mean
weight 81.0 kg (SD 15.9)], with four right shoulders

and six left shoulders. In all cases the deltopectoral
approach was used with detachment of the subscapula-
ris tendon and release of all three glenohumeral liga-
ments. At the end of the surgery the subscapularis was
reattached to the humeral bone. Primary osteoarthritis
was found in eight cases and secondary posttraumatic
osteoarthritis in two cases. The dominant side was
involved in eight cases.

2. Eleven consecutive patients underwent hemiarthro-
plasty (HEMI) for degenerative changes limited to the
humeral head and a stable/minimally deformed glenoid
of type A1 or A2 according to Walch [25]. There were
nine women and two men, with Wve right shoulders and
six left shoulders, four on the dominant sides and seven
non-dominant sides. In all cases the deltopectoral
approach was used as described above. Osteoarthritis
was primary in nine cases and post-traumatic in two
cases. The mean age was 64 years (SD 13.8), mean
height was 167.0 cm (SD 8.1), and the mean weight
was 79.0 kg (SD 18.8). Six patients received a conven-
tional third-generation hemiarthroplasty (Aequalis
Shoulder) and Wve patients underwent humeral head
resurfacing (Epoca RH CUP, Argomedical, Switzer-
land). Although these are distinct implants, these were
pooled in one group because the operative approach
was the same and the only diVerence was the fact that
the Aequalis hemiarthroplasties have a stem within the
proximal humerus. We are not aware of any data that
show that insertion of a stem alters proprioception.

3. A matched control group consisted of Wve women and
Wve men. Matched controls (n = 10; NORM) had a mean
age of 64.5 years (SD 7.3). The mean height was
170.3 cm (SD 9.3), and the mean weight was 78.2 kg
(SD 11.6). All controls were right-hand dominant,
healthy, and had normal shoulders according to medical
history, physical examination, and radiographs. The con-
trol group was examined twice at an interval of 3 years.

Joint angle analysis

The study protocol was approved by the local ethics com-
mittee (S-305/2007), and informed consent was obtained
from all patients and controls. The patients were examined
the day before shoulder arthroplasty, 6 months, and 3 years
after surgery.

A 12-camera motion analysis system (Vicon 612; Vicon,
Lake Forest, USA) working at 120 Hz was used to monitor
the patients’ movements. The spatial resolution of the sys-
tem was approximately 1 mm. The underlying model con-
sisted of seven segments: thorax, right and left clavicle,
both upper arms and both forearms. The sternoclavicular
joint and the glenohumeral joint were treated as a ball-and-
socket joint, whereas the elbow was treated as a hinge joint.
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Translational degrees of freedom were not considered in
any of these joints.

For the measurement, the patients were prepared with
four markers placed on the trunk as recommended by the
International Society of Biomechanics [27]. Four markers
were placed on each forearm: one at the radial and one at
the ulnar styloid process of the wrist and two, connected
with a wand, on the ulna close to the elbow joint (Fig. 1).
One marker was placed laterally on the upper arm and one
on the acromion. After a static trial, the patient was asked to
perform isolated movements of elbow Xexion/extension,
shoulder Xexion/extension, and shoulder abduction/adduc-
tion to determine the shoulder joint position and the loca-
tion of the elbow joint axis. SpeciWcally, in these shoulder
calibration trials the sternoclavicular joint was treated as a
cardan joint. Technical coordinate systems for the ulna/
forearm, humerus, clavicle, and thorax were not deduced by
optimization methods as was done for marker clusters [2].
Instead, they were based directly on marker trajectories, i.e.
the direction vectors between them, using cross-products as
reviewed by Chiari et al. [3]. The technical coordinate sys-
tem of the clavicle was based on the four thorax markers
and the shoulder marker. This coordinate system was used
only for dynamic calibration movements, which were lim-
ited to a range of shoulder motion of 0°–40° Xexion and
abduction to assume constant glenohumeral movement and
exclude skin motion artifacts. Constraint least squares opti-
mization according to Gamage and Lasenby [8] was then
used for joint center determination.

The anatomical co-ordinate system for the ulna/forearm,
humerus, and thorax was based on the technical coordinate
systems of these segments and on the joint axes and joint
centers previously determined. A static trial was used to
deWne the neutral position of the thorax. Angles of Xexion
and abduction were expressed as projection angles relative

to the proximal anatomical coordinate system, while inter-
nal/external rotation was deWned according to the globe
convention [7]. Elbow Xexion was deWned as the projected
angle to the elbow axis. Custom software written in Java
(Sun Mircosystems, USA) was used to calculate each joint
angle in each trial of the angle-reproduction tasks.

The system and biomechanical model was validated with
the manual goniometer and intraclass correlation coeY-
cients of 0.989 for intrasubject variability, 0.996 for inter-
subject variability, and 0.998 for intertester variability were
found [18]. DiVerences of more than 10° between the two
methods were found for shoulder Xexion of more than 160°
[18, 19].

Angle-reproduction test

The test person sat on a chair with the arm hanging in 0°
abduction and rotation (Fig. 1). They were blindfolded to
eliminate visual clues and wore sleeveless shirts. We
ensured that the arm did not touch the trunk and, conse-
quently, skin contact was minimized. The arm was moved
to the desired position by the examiner with visual control
of a manual handheld goniometer. In detail, the positions
were 30° and 60° abduction, 30° and 60° Xexion, and 30°
external (and afterwards 30° internal rotation) in 30° abduc-
tion (total six joint positions). In the target position the sub-
jects were told to maintain the position for 10 s (in the
meantime a mean value of the joint position was mea-
sured), and then the initial position with the arm hanging
was resumed. Afterwards, the subject was asked to move
the arm back into the target position. We measured the
diVerence between the actual and the target joint position,
and thus a smaller number indicates better proprioception.
Standardized instructions were given to all subjects, and a
test trial was conducted to acquaint them with each test

Fig. 1 Position of markers for 
the 3D motion video analysis 
and test person sitting on the 
chair, prepared with the markers
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condition. All tests were randomized for side and move-
ment. Two test trials were performed at each angle, and the
mean value was used for further analysis. The total proprio-
ceptive performance (total) was deWned as the mean value
of all single measurements (six joint positions) to have one
quality to compare proprioceptive ability.

Statistics

The statistical analysis was performed using SPSS Version
16.0 (SPSS Inc., Chicago, IL, USA). Group mean values
(MV) and SD were calculated. p values <0.05 were consid-
ered signiWcant. The distribution of the data was checked
with the Shapiro–Wilk test, and the homogeneity of vari-
ance was assessed using the Levene test. The angle between
the long axis of the humerus and the trunk position was
determined. DiVerences in shoulder joint angles between
target and reproduced position were compared between the
pre- and postoperative examination with a Wilcoxon-test
for the overall arthroplasty group and the subgroups TSA
and HEMI. Afterwards, as a second outcome measure
diVerences among these groups and the controls were
examined by a Mann–Whitney U test.

Results

In the overall arthroplasty group the total proprioceptive
performance (total), deWned as the mean value of all single
measurements (six joint positions) deteriorates signiWcantly
3 years after surgery from 6.6° (SD 3.1) to 10.3° (SD 5.7);
(p = 0.017; Table 1). By trend, there is a deterioration of
proprioception in Wve of six single measurements. Only at
30° of abduction (30° abd) there is no deterioration (Fig. 2).
In comparison with the age- and gender-matched control
group without a history of shoulder problems (NORM),
measured once again 3 years later, the 3-year postoperative
proprioception in the arthroplasty group is signiWcantly
worse [10.3° (SD 5.7) vs. 7.8° (SD 2.3)]; p = 0.030; Fig. 2).

The hemiarthroplasty (HEMI) subgroup revealed signiW-
cant lower AAR at 30° of external rotation before surgery
with 3.1° (SD 3.5) as compared to 3 years after surgery
12.8° (SD 10.7); (p = 0.031; Fig. 3). In the total TSA group
there were no signiWcant diVerences between preoperative,
6-month, and 3-year postoperative AAR.

By trend, in the TSA subgroup the total proprioceptive
performance (total) deteriorated from 7.1° (SD 3.1) to 8.6°
(SD 1.4) (Fig. 4) and in the HEMI subgroup from 6.1° (SD
2.1) to 12.4° (SD 8.3) (Fig. 5). By trend, the deterioration
of the hemiarthroplasty (HEMI) group was in the short-
term follow-up (6 months), whereas the TSA group deterio-
rated later in the middle-term follow-up. By trend, the 3-
year postoperative proprioception of the control group was

better than the proprioception of the arthroplasty groups
(Fig. 5).

The comparison of pre- to postoperative deterioration of
proprioception between TSA and HEMI subgroup showed
signiWcant greater deterioration of proprioception for the
HEMI subgroup at 30° of external rotation of 9.8° (SD
10.1) as compared with the TSA group with 1.6° (SD 6.3)

Fig. 2 Preoperative, 6-month, and 3-year postoperative propriocep-
tion for the overall arthroplasty group (TSA and HEMI) in comparison
with the age- and gender-matched control group without a history of
shoulder problems (NORM). The total proprioceptive performance
(total) deteriorates signiWcantly 3 years after surgery from 6.6° (SD
3.1) to 10.3° (SD 5.7); (p = 0.017). Three years postoperative, the total
proprioceptive performance (total) is signiWcantly worse in the arthro-
plasty group 10.3° (SD 5.7) versus 7.8° (SD 2.3) in the control group
(p = 0.030)

Table 1 Active angle reproduction test (AAR) in the overall group
(TSA and HEMI together) before operation and 3 years thereafter

SD standard deviation

Movement Preoperatively 3 years 
postoperatively

p values

Mean (°) SD (°) Mean (°) SD (°)

30° of Xexion 6.8 §3.1 8.3 §4.7 0.382

60° of Xexion 4.9 §2.9 9.1 §9.5 0.224

30° of abduction 8.8 §5.4 8.3 §2.7 0.861

60° of abduction 5.9 §4.4 8.0 §4.8 0.127

30° of external 
rotation

5.7 §5.5 11.0 §10.6 0.068

30° of internal 
rotation

7.6 §5.1 17.1 §22.9 0.168

Total 6.6 §3.1 10.3 §5.7 0.017
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(p = 0.046; Table 2). Comparing the overall diVerences
between pre- and postoperative AAR, by trend the deterio-
ration of total proprioceptive performance (total) is more

distinctive in the HEMI [6.2° (SD 8.7)] than in the TSA
[1.6° (SD 3.3)] subgroup (Table 2).

Discussion

This study was performed to assess the 3-year results of pro-
prioception measurement after shoulder arthroplasty. Our
data demonstrate that proprioception remains unchanged or
deteriorates 3 years after shoulder arthroplasty.

Fig. 3 The hemiarthroplasty (HEMI) group shows signiWcant lower
AAR at 30° of external rotation (30° ER) 3 years after surgery [3.1°
(SD 3.5) vs. 12.8° (SD 10.7); (p = 0.031)]. Otherwise, there are no sig-
niWcances between pre- and postoperative AAR, although the total pro-
prioceptive performance (total) almost reaches signiWcance (p = 0.063).
Graphically, there is deterioration in all movements

Fig. 4 The comparison of preoperative proprioception with 6-month
and 3-year postoperative values after implantation of the total shoulder
arthroplasty group (TSA) shows no signiWcant diVerences between
pre- and postoperative AAR. By trend, there is a deterioration of pro-
prioception 3 years after surgery. The total proprioceptive perfor-
mance (total) deteriorates by trend from 7.1° (SD 3.1) to 8.6° (SD 1.4)

Fig. 5 Development of the total proprioceptive performance: preop-
erative, 6 months, and 3 years postoperative for the hemiarthroplasty
(HEMI) group and the total shoulder arthroplasty (TSA) group in
comparison with the control group (NORM). By trend, the deteriora-
tion of the hemiarthroplasty (HEMI) group is in the short-term follow-
up (6 months), whereas the total shoulder arthroplasty group (TSA)
deteriorates later in the middle-term follow-up. By trend, the 3-year
postoperative proprioception of the control group is better than the
proprioception of the arthroplasty groups

Table 2 Comparison of pre- to postoperative diVerences in the AAR
test of the TSA and the HEMI subgroup

Positive values indicate a deterioration of the AAR

TSA total shoulder arthroplasty, HEMI hemiarthroplasty, DiV pre- to
postoperative diVerences, SD standard deviation

p values indicate whether there were signiWcant diVerences between
the groups TSA and HEMI

Movement TSA HEMI p values

DiV. (°) SD (°) DiV. (°) SD (°) TSA–HEMI

30° of Xexion 2.7 §3.1 0.3 §7.5 0.116

60° of Xexion 0.9 §5.7 8.0 §15.1 0.475

30° of abduction ¡0.9 §4.3 0.2 §3.5 0.668

60° of abduction 0.3 §6.2 4.0 §6.7 0.775

30° of external 
rotation

1.6 §6.3 9.8 §10.1 0.046

30° of internal 
rotation

4.6 §11.5 15.1 §30.1 0.886

Mean values 1.6 §3.3 6.2 §8.7 0.253
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To our knowledge there are only two studies analyzing
proprioception after shoulder arthroplasty [5, 13]. Both are
short-term studies with a 6-month follow-up:

1. Cuomo et al. [5] performed a prospective analysis of
20 consecutive patients with unilateral advanced gleno-
humeral arthritis who underwent TSA. Shoulder pro-
prioception testing for passive position sense and
detection of motion was performed 1 week before sur-
gery and 6 months after TSA. Six months after TSA,
position sense and the sensitivity of detection of
motion were signiWcantly improved (p < 0.05) and did
not diVer signiWcantly from the contralateral shoulder
or the controls. Cuomo concluded that in patients with
advanced glenohumeral arthritis after TSA there was a
marked improvement in proprioception.

2. Kasten et al. [13] assessed proprioception 6 months
after shoulder arthroplasty by the same active and
unguided angle-reproduction test with 3D motion anal-
ysis as described in the present study. In contrast to the
Wndings of Cuomo et al. the authors found out that
6 months after surgery proprioception remained
unchanged or deteriorated. Due to the fact that this is
completely diVerent from the Wndings of Cuomo et al.,
it was concluded that this is either due to the diVerent
measurement methods (active versus passive) or the
relatively short rehabilitation period of 6 months.
Maybe an improvement would also be found in the
mid-term follow-up.

However, the present study with the mid-term follow-up
shows rather a deterioration of proprioception over the
course of 3 years after shoulder arthroplasty. How can we
explain that?

Cuomo et al. used a hydraulic machine that passively
moved the arm. The patient had to indicate when he or she
noted movement (“detection of motion”) and, in a separate
approach, when he or she passively reassumed a joint posi-
tion that was previously deWned (“passive position sense”).
Cuomo and colleagues thus measured two entities of pro-
prioception separately. The AAR test that was used in our
setting has more elements that can inXuence the outcome.
The test person has to actively move the arm and is not lim-
ited regarding the direction of movement. Consequently, a
more comprehensive concept of proprioception is tested,
comprising the elements of position sense, motion sense,
and the muscle strength that is necessary to reassume the
position. We used an active and not a passive angle repro-
duction test to come up to this complexity of propriocep-
tion.

The AAR has been used to assess shoulder propriocep-
tion before, for example, in shoulder instability in which
Pötzl et al. [16] examined the proprioceptive capabilities of
14 patients with recurrent anterior shoulder instability pre-

operatively and at least 5 years postoperatively using the
AAR test. In their series the joint position sense improved
on average about 4° in abduction, Xexion, and rotation.
They concluded that 5 years after surgical restoration of
shoulder instability the joint position sense improved sig-
niWcantly to the same level as normal healthy shoulders.
Having these results in mind we have to ask why proprio-
ception measured with a comparable AAR deteriorates
after shoulder arthroplasty, whereas it improves after sur-
gery of shoulder instability. In shoulder arthroplasty, the
operative approach for implantation of a TSA and hemiar-
throplasty includes the cutting (and subsequent repair) of
the subscapularis muscle and usually release of all glenohu-
meral ligaments. However, these structures contain aVerent
and eVerent structures important for proprioception. There-
fore, concerning the inXuence on proprioceptive structures,
the surgical procedures for shoulder instability and shoul-
der replacement are distinct. Since the approach in TSA
and hemiarthroplasty is identical, a comparison seems to be
valid. Therefore, looking at the comparison of propriocep-
tive development after surgery between TSA and HEMI
group (Fig. 5), we have to ask as to why deterioration in the
TSA group seems to appear during the Wrst 6 months,
whereas in the HEMI group deterioration appears by trend
between 6 months and 3 years. A possible explanation for
this Wnding is that in the HEMI group the disease of osteo-
arthritis with its destruction of glenohumeral cartilage and
the associated change in capsular structures and periarticu-
lar structures continues to progress in contrast to the TSA
group. Maybe there is glenoid erosion in the HEMI group
that deteriorates the accuracy of the angle reproduction test.
However, the main aim of this study was to assess proprio-
ception changes 3 years after shoulder arthroplasty. In
order to evaluate if our Wndings have any clinical relevance,
we have to take a closer look at the current understanding
of proprioception: Proprioception is a specialized variation
of the sensory modality and includes diVerent qualities,
such as active and passive joint position sense, kinaesthe-
sia, movement replication, sensation of resistance, and
appreciation of joint velocity [1]. Since the ground-break-
ing observations of Goodwin et al. [10] in 1972, we know
that not joint receptors alone but rather muscle spindles
make a major contribution for joint position sense. Today it
is accepted that peripheral receptors which mostly contrib-
ute to joint position sense are muscle spindles and skin
stretch receptors. A short time ago, Proske and Gandevia
[17] showed that today’s data support the existence of two
separate senses, the sense of limb position and the sense of
limb movement. While limb position and movement can be
signaled by both skin and muscle receptors, new evidence
has shown that if limb muscles are contracting, an addi-
tional proprioceptive information is provided by centrally
generated motor command signals.
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Moreover, there is a study by Wise and Fallon [26] that
suggests that there is a decreased position sense during
muscle contraction. Wise assessed kinaesthesia acuity in
human subjects, deWning kinaesthesia as our conscious
awareness of body position and movement. Interestingly,
the results showed a reduced ability to detect limb move-
ment and match limb position during co-contraction of
elbow extensors and Xexors compared with when these
muscles were relaxed. They also report results from animal
experiments showing a reduction in muscle spindle stretch
sensitivity during fusimotor and skeletomotor activation, a
factor that might contribute to the decreased kinaesthetic
acuity observed during muscle contraction.

It can be assumed that if an active angle reproduction test
for measuring of shoulder proprioception is used as it was
done in this study, through contraction of shoulder muscles
as the rotator cuV, deltoid, biceps and triceps muscles, we can
also measure the additional proprioceptive information pro-
vided by centrally generated motor command signals as
Proske described [17]. As Smith et al. [22] reported, these
signals of motor command can bias joint position sense in the
presence of feedback from proprioceptors.

What we observed in our study is the trend that the pro-
prioceptive ability of the preoperative state of osteoarthritis
(preoperative) is better than the proprioceptive ability of the
controls (Fig. 2). This might be explained by nociceptive
aVerent inputs that might play an important role. During the
repeat postoperative measurement, the patients mentioned
that they were lacking the information input of pain sensa-
tion that they had usually during motion of the arm before
surgery. The lacking of this aVerent input might adversely
inXuence the postoperative proprioceptive performance
with the AAR.

Another issue is how we could diminish the loss of pro-
prioception after shoulder replacement. Certainly we have
to take a look at the surgical procedure. In the cases of TSA
and HEMI the deltopectoral approach was used with
detachment of the subscapularis tendon and release of all
glenohumeral ligaments. In shoulder replacement diVerent
procedures exist for detachment of the subscapularis ten-
don. If the external rotation is >20°, according to our con-
cept the subscapularis tendon is divided 5–10 mm medial to
its insertion at the lesser tuberosity. The lateral tendon
stump will permit an end-to-end suture at the end of sur-
gery. If the external rotation is <20°, the detachment of the
subscapularis tendon from the lesser tuberosity is recom-
mended, because this allows to gain length by medializing
the tendon insertion after implantation of the prosthesis. At
the end of the surgery, the subscapularis tendon is repaired
in slight abduction and external rotation of the arm either
with an end-to-end suture or, in the presence of joint con-
tracture, reattached with the help of previously mounted
transosseous sutures [11, 20]. This reWxation is important,

because otherwise it carries the risk of a later anterior insta-
bility of the prosthesis and loss of shoulder function.

This intraoperative soft tissue management could play an
important role for the proprioceptive outcome according to
a recently published study by Rokito et al. [21]. They
investigated the degree to which surgical approach aVects
recovery of strength and proprioception. The recovery of
strength and proprioception after open surgery for recurrent
anterior glenohumeral instability was compared for two
surgical procedures. Group 1 underwent an open inferior
capsular shift with detachment of the subscapularis, and
group 2 underwent an anterior capsulolabral reconstruction
without detachment of the subscapularis. In group 2 the
subscapularis was split horizontally at the junction of its
upper two-thirds and lower one-third, and a glenoid-sided
capsular shift was performed, followed by reapproximation
of the split. At 6 months after surgery in group 1 patients
there were still signiWcant deWcits in mean position sense
and strength values. Rokito concluded that detachment of
the subscapularis delays recovery of strength and proprio-
ception. These Wndings can explain the deterioration of pro-
prioceptive outcome in shoulder arthroplasty which usually
implies the detachment of the subscapularis muscle.
Another important issue is the release of the glenohumeral
ligaments that play an important role in proprioception of
the shoulder. Postoperative management with immobilizing
in a Gilchrist sling or an abduction pillow, physiotherapy
management including a temporary avoidance for rota-
tional movements to allow for healing of the subscapularis
muscle as well as proprioceptive neuromuscular facilitation
exercises might play an important role for the individual
proprioceptive outcome. In this connection, we have to ask
if our Wnding of an average deterioration of 3.7° after
shoulder replacement is at all clinically relevant. In the lit-
erature, to date there is no study analyzing the question of
clinical relevance of a deterioration of shoulder propriocep-
tion after surgery. But there is one actual review by Gokeler
et al. [9] analyzing the clinical relevance of a propriocep-
tive deWcit after ACL injury. They even discuss propriocep-
tive deWcits of 0.2°–0.8° relative to their clinical relevance
and conclude that proprioceptive deWcits as measured with
the current methods have only a low to moderate clinically
relevant correlation with function. For shoulder propriocep-
tion authors like Cuomo et al. [5] found proprioception
diVerences of 2° after shoulder replacement and adjudged
them as clinical relevant also as reported Pötzl et al. [16]
who found a proprioception change of 4°. In the present
study on purpose we used an active and not a passive angle
reproduction test to advance clinical relevance. But to fully
answer the question of clinical relevance we require further
studies with a prospective correlation between propriocep-
tion and clinical outcome parameters like the ability to per-
form activities of daily living.
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Our study has some limitations. Within the treatment
groups the standard deviations were relatively high, which
made it diYcult to reach the level of signiWcance. Neverthe-
less, there was a clear trend and signiWcant Wndings with
deterioration of the AAR test after shoulder arthroplasty.
Since the AAR data also had a high standard deviation in
the healthy control group (Fig. 2), this seems to be related
not to the diVerent arthroplasty implants, but rather to the
person performing the test. Most likely the high standard
deviations are not related to any inaccuracy of the measur-
ing because its accuracy has been demonstrated in previous
studies [18].

Although proprioception deteriorates 3 years after
implantation of shoulder arthroplasty, a pain-free increase
of range of motion in activities of daily living, as we
described in a previous study [14], is the main improve-
ment for the patient after surgery.

Conclusion

Performing shoulder arthroplasty did negatively aVect one
component of shoulder proprioception that was measured
by the active angle-reproduction test. This might be related
to the surgical approach that includes divisions of the sub-
scapularis muscle and the glenohumeral ligaments. In order
to be able to diminish negative inXuences on postoperative
proprioception, further prospective studies will have to
evaluate pre- and intraoperative variables to improve pro-
prioception after shoulder replacement.
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