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Conclusion rSA improves the active maximum rOM for 
flexion, abduction, and adduction. The patients are able to 
take advantage of this rOM increase in ADLs in flexion 
and in most ADL in abduction, but only in trend in internal 
and external rotation.
Level of evidence Level IV, case Series with no compari-
son group.
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cuff tear arthropathy · 3D video analysis · Marker-based 
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Introduction

A massive defect of the rotator cuff in combination with 
secondary glenohumeral osteoarthritis are the characteris-
tics of a cuff tear arthropathy (cTA) [1, 2]. patients with 
advanced cTA suffer from pain and a reduced range of 
motion (rOM) and they have trouble to perform activi-
ties of daily living (ADL). reverse total shoulder arthro-
plasty (rSA) is widely used in these patients to regain and 
improve function. As described by grammont [3], a rSA 
medializes and lowers the glenohumeral center of rota-
tion. This increases the lever arm of the deltoid muscle 
[4] and increases muscle fiber recruitment of the anterior 
and posterior deltoid to compensate for a deficient rotator 
cuff in cTA shoulders. postoperatively, in addition to pain 
relief, rSA can improve cTA shoulder function [5–10], but 
it is unclear if the ability to process ADL also enhances. 
The constant score (cS) includes a common basic subjec-
tive assessment of ADL [11, 12] by use of questions. To 
date there is very limited data about objective 3D motion 
analysis of ADLs after rSA. Therefore, the purpose of this 
study was three fold: (1) to objectively examine how rSA 

Abstract 
Background reverse total shoulder arthroplasty (rSA) 
can improve function in cuff tear arthropathy (cTA) shoul-
ders, but limited exact data are available about the maxi-
mum values in 3D motion analysis, and as to how improve-
ments translate into the normal range of motion (rOM) in 
activities of daily living (ADLs).
Methods This study included nine consecutive patients 
(n = 9) who received rSA for cTA without muscle trans-
fers. We measured shoulder movement by a novel 3D 
motion analysis using the heidelberg upper extremity 
model (huX) which can eliminate compensatory move-
ments of the scapula, and the trunk. The measurement 
included active maximum values, and four ADLs.
Results comparing the pre- to the 1-year postoperative 
status, rSA was associated with a significant increase in 
the mean maximum values for active flexion of about 43° 
(SD ± 31) from 66° to 109° (p = 0.001), for active abduc-
tion of about 37° (SD ± 26) from 57° to 94° (p = 0.001), 
and for the active adduction of about 28° (SD ± 10) from 
5° to 33° (p = 0.002). comparing the preoperative to the 
postoperative rOM in the ADLs in flexion/extension, rOM 
improved significantly in all ADLs, in abduction/adduc-
tion in three of four ADLs. No significant changes were 
observed in internal/external rotation in any ADLs.

M. W. Maier (*) · M. caspers · F. Zeifang · T. Dreher · 
M. c. Klotz · S. I. Wolf 
clinic for Orthopedics and Trauma Surgery, heidelberg 
university hospital, Schlierbacher Landstraße 200a, 
69118 heidelberg, germany
e-mail: m.w.maier@web.de;  
michael.maier@med.uni-heidelberg.de

p. Kasten 
carl-gustav carus university of Dresden, Dresden, germany



1066 Arch Orthop Trauma Surg (2014) 134:1065–1071

1 3

changes the maximum active glenohumeral rOM; (2) how 
this translates into the ability to perform ADL and (3) in 
which plane the rOM in ADL changes using a prospec-
tive 3D motion analysis study [13]. The hypothesis was 
that rSA significantly improved the ability to perform 
ADL, and the rOM in ADL. The focus was on the question 
which plane displays the biggest improvement.

Materials and methods

patients

The study included nine consecutive patients (seven 
women, two men), mean age 73.4 years (SD ± 4.5), who 
received an Aequalis reverse shoulder prosthesis (Tornier 
Inc, uSA) for cTA. The dominant side was involved in all 
nine cases, and the right side was affected in all patients, 
too. In all nine patients the same surgeon (FZ) at our 
department had performed the surgical procedure. The 
cS, the American shoulder and elbow scores (ASeS), and 
the disability of arm, shoulder and hand (DASh) scores 
[12, 14, 15] were rated pre- and post-operatively. patients 
were included in the study in cases of cTA with superior 
humeral head migration and subsequent concave deform-
ity of the acromion, and entire lack of the supraspinatus 
and infraspinatus tendons with retraction and fatty infiltra-
tion of the muscles. patients were excluded, in cases of a 
stiff shoulder, cTA after humeral fractures, and neurologi-
cal and muscular diseases or comorbidity which made the 
movement examination impossible, a lack of verbal com-
munication, and additionally fracture. The preoperative 
X-ray imaging in true Ap view showed an acetabulariza-
tion (concave deformity of the acromion undersurface [16]) 
in all cases and, correspondingly, a neoglenoid cavity. We 
used the classification of Sirveaux et al. [9] to assess the 
glenoid erosion preoperatively. The preoperative status of 
the rotator cuff was rated in accordance with Fuchs [17] 
which is an adaptation of goutallier et al. [18] for MrI. All 
patients had severe atrophy (Fuchs stage 3 or 4) or com-
plete loss of the teres minor muscle [19].

Operative technique and implants

Standard surgical technique through a deltopectoral 
approach was employed according to Neer in all patients 
[20]. A tenotomy of the subscapularis tendon (if still pre-
sent) and the long biceps tendon was realized. The Aequa-
lis reverse shoulder prosthesis (Tornier Inc, uSA) was 
used in all patients. No revision surgery was performed for 
implant failure. All the humeral stems were cemented after 
a cement restrictor was inserted. cemented stems were 
used in all cases because a cementless stem in rSA was not 

recommended by the company at that time. Furthermore, to 
our knowledge there are no data that cementless stems in 
rSA provide the same excellent long-term outcome as the 
cemented ones [2]. Nonconstrained humeral polyethylene 
liners of 6 mm were then impacted on the humeral com-
ponents. In all nine cases subscapularis reconstruction was 
possible, and the tendon was repaired using three nonab-
sorbable tendon-to-tendon sutures. postoperative rehabilita-
tion was also standardized with a 45° abduction pillow for 
4 weeks. During the first 6 weeks, only passive mobiliza-
tion was allowed as a combined elevation and abduction of 
60° and 0° of external rotation in an outpatient facility. To 
exercise muscle strength and rOM, 6 weeks after surgery, 
the patients started with a 21-day program of free passive 
and active movement at a specialized rehabilitation center.

Motion analysis

The local ethics committee authorized the study protocol 
(S-305/2007), and informed consent was gathered from all 
patients. The patients were examined the day before rSA 
and 1 year after surgery. We used a 3D motion analysis and 
the huX model as described before [21] with a 12-cam-
era motion analysis system (Vicon 612; Vicon, Lake For-
est, uSA) operating at 120 hz to monitor the patients’ 
movements. The huX model as described by rettig [13] 
uses seven segments for 3D motion analysis of the upper 
extremities. The characteristic of the huX is that it calcu-
lates the shoulder joint center from the motion data and is 
able to capture the motion of this calculated shoulder joint 
center in relation to the torso. The centers of the joints 
are not deterministically defined via anthropometric aver-
ages based on markers that are fixed on bony prominences, 
which is the case, for example, in the model of rab [22], 
but rather the functional center of the joints and the axes 
of the joints are determined across the motion of the mark-
ers. In this way, a more exact exposure of the glenohumeral 
rOM is possible and the success of surgery, especially for 
the glenohumeral joint, can be evaluated better. For the 
motion analysis, four markers were placed on the trunk of 
the patients as recommended by the International Society 
of Biomechanics [23] for this measurement, and supple-
mentary four markers were placed on each forearm: two 
markers, connected with a wand, on the ulna close to the 
elbow joint, one at the ulnar and one at the radial styloid 
process of the wrist (Fig. 1).

After placing the markers, the patient performed isolated 
movements of elbow flexion/extension, shoulder flexion/
extension, and shoulder abduction/adduction to determine 
the position of the center of rotation of the glenohumeral 
joint. In these shoulder calibration trials, the sternocla-
vicular joint was treated as a cardan joint [13]. We did 
not deduce the technical coordinate systems for the ulna/
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forearm, humerus, clavicle, and thorax by optimization 
methods as has been done for marker clusters [24], in fact 
they were based directly on marker trajectories, i.e., the 
direction vectors between them, using cross-products as 
reviewed by chiari et al. [25]. After these calibration trials, 
the actual measurement started: first, the maximum values 
were recorded for flexion (anteversion), extension (retro-
version), abduction, and adduction. For this, the subjects 
sat on a stool and were instructed to move their arms to the 
respective maximum position without moving their torso. 
To calculate the results for flexion/extension together with 
abduction/adduction, the corresponding angles between the 
long axis of the body and the humerus were recorded. The 
body’s long axis is fixed to the thorax; hence, compensa-
tory motion of the thorax can be monitored and separated 
from shoulder motion. Angles of flexion/extension and 
abduction/adduction were expressed as projection angles 
relative to the proximal anatomical coordinate system. The 
maximum rotation, defined by the globe convention [26], 
was measured at 90° of arm abduction. After determining 
the maximum values, we recorded ADL, including the fol-
lowing movements: “combing the hair (cmb)”, “washing 
the opposite armpit (wsh)”, “tying an apron (aprn)” and 
“taking a book from a shelf (shlf)”. Starting from the sit-
ting position mentioned above, the subject was asked to 
implement these movements without moving the torso. 

Original position was the static calibration recording and 
each movement was carried out three times in a row. For 
“cmb” the subject hat a comb in his/her hand and placed 
it at the forehead for combing from there to the back of 
the head and back to the original position. For “wsh” the 
subject was given a washcloth and asked to move it to the 
opposite armpit and make a typical motion of washing 
there and then to go back to the original position. For the 
movement “aprn” the subject was also given a washcloth 
and asked to move his/her hand to their bottom and make a 
typical motion of wiping and then to return to the original 
position. For “shlf” a self-constructed, height-adjustable 
shelf was employed. The height of the shelf was set at the 
forehead and the book positioned at the subjects’ respective 
arm length. Then, the test person took the book in his/her 
hand, moved back to the original position with the book, 
put it back on the shelf, and finally returned to the original 
position without the book.

Statistics

The statistical analysis was performed using SpSS Version 
16.0 (SpSS Inc., chicago, IL, uSA). group mean values 
(MV) and standard deviations (SD) were calculated. P val-
ues <0.05 were considered as significant. A paired t test 
was used to compare the preoperative and postoperative cS 
and subscores. The distribution of the data was assessed by 
using the Shapiro–Wilk test and the homogeneity of vari-
ance using the Levene test. The angle between the long 
axis of the humerus and the trunk position was determined. 
Deviations in shoulder joint angles between target and 
reproduced positions were compared between the pre- and 
post-operative examination by using the Wilcoxon test.

Results

clinical outcome and patient satisfaction

The mean raw cS for the entire cohort improved from 
26.3 points [±7.1 (17–40 points)] preoperatively to 40.9 
points [±7.6 (26–51 points)] postoperatively (p < 0.0001) 
(Table 1). Significant differences were also found in terms 
of pain relief, power, activity, mobility, shoulder flexion, 
abduction, and external and internal rotation (p < 0.05). 
The ASeS and DASh score improved significantly pre- to 
post-operatively (Table 1).

Maximum values

comparing the pre- to the 1-year post-operative status, 
rSA resulted in a significant increase in the average maxi-
mum values for active flexion of about 43° (SD ± 31) 

Fig. 1  Marker placement for the 3D motion analysis using the huX 
model
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from 66° to 109° (p = 0.001), for active abduction of 
about 37° (SD ± 26) from 57° to 94° (p = 0.001), and for 
active adduction of about 28° (SD ± 10) from 5° to 33° 
(p = 0.002) (Fig. 2). For the internal and external rota-
tion there were no significant changes. By trend for the 
active external rotation, the rOM improved by about 5° 
(SD ± 16) from 13° to 18° (p = 0.582); by trend for the 
active internal rotation, the rOM improved by about 10° 
(SD ± 17) from 7° to 17° (p = 0.132) (Fig. 2). By trend 
retroversion (extension) deteriorated by about 7° (SD ± 15) 
from 36° to 29° (p = 0.398) (Fig. 2).

rOM in ADLs

One year after surgery, almost all of the rSA patients were 
able to perform the four ADLs, whereas before surgery, only 
about half of the patients were able to do so (Table 2). com-
paring the pre- to the post-operative status, rSA resulted in 

a significant increase in the mean rOM values for flexion/
extension for four ADLs and abduction/adduction for three 
ADLs. In flexion/extension, a significant improvement was 
observed for the cmb task, from 35°–8°–0° preoperatively 
to 95°–30°–0° postoperative (p < 0.001), from 42°–11°–0° 
to 63°–22°–0° (p = 0.012) for Wsh, from 18°–0°–27° preop-
eratively to 37°–0°–28° postoperatively (p = 0.022) for Aprn, 
and from 19°–1°–0° to 87°–10°–0° (p = 0.002) for the Shlf 
task. In abduction/adduction, rOM improved significantly 
for cmb from 29°–5°–0° preoperatively to 98°–24°–0° post-
operatively (p < 0.001), for Aprn from 27°–11°–0° to 43°–
19°–0° (p = 0.013), and for Shlf from 16°–4°–0° to 99°–15°–
0° (p = 0.002) (Fig. 3). There were no significant changes in 
internal/external rotation for any of the ADLs (Fig. 3).

Discussion

The current study for the first time used a prospective 3D 
motion analysis study and the huX model [13] in patients 
with cTA with deficient teres minor and no muscle trans-
fers. The purpose of this study was three fold: (1) to objec-
tively examine how rSA changes the maximum active 
glenohumeral rOM; (2) how this translates into the ability 
to perform ADL and (3) in which plane the rOM in ADL 
changes. The study demonstrates that rSA improves the 
active glenohumeral rOM for flexion by about 43°, abduc-
tion by about 37°, and adduction by about 28°. The patients 

Table 1  preoperative and 
1-year postoperative clinical 
outcome

preoperative compared with 
postoperative

Internal rotation was graded 
according to the posterior spinal 
region that could be reached by 
the thumb
a The values are given as 
the mean and the standard 
deviation, with the range in 
parentheses

preoperativea postoperativea p value

constant score raw (points) 26.3 ± 7.1 (17–40) 40.9 ± 7.6 (26–51) <0.0001

 pain (points) 8.4 ± 3.7 (2–14) 2.0 ± 3.2 (0–8) <0.0001

 Force (points) 0.1 ± 0.3 (0–1) 1.2 ± 2.0 (0–6) 0.149

 Activity (points) 1.8 ± 1.4 (0–6) 3.6 ± 3.4 (0–3) 0.133

 Mobility (points) 2.7 ± 1.1 (0–6) 5.8 ± 0.7 (2–12) 0.007

 Flexion (°) 3.8 ± 1.9 (2–6) 6.0 ± 1.0 (4–8) 0.007

 Abduction (°) 2.9 ± 1.5 (2–6) 4.9 ± 1.1 (4–6) 0.009

 external rotation (°) 1.1 ± 2.0 (0–6) 6.7 ± 3.0 (2–10) 0.001

 Internal rotationa (points) 2.9 ± 2.5 (0–6) 5.8 ± 2.9 (2–12) 0.003

ASeS 37.6 ± 18.6 (16.7–48.3) 61.1 ± 24.5 (21.7–93.3) 0.014

DASh 64.6 ± 14.9 (83.3–36.7) 26.1 ± 19.7 (59.2–4.2) 0.001

Fig. 2  range of motion of the active maximum values and standard 
deviation comparing the preoperative to the 1-year postoperative sta-
tus

Table 2  patients who were able to completely perform the activities 
of daily living before and after surgery

Cmb combing the hair, Wsh washing the axilla, Aprn tying an apron, 
Shlf taking a book from a shelf

cmb Wsh Aprn Shlf

pre-op 5 7 7 2

1-year post-op 9 9 9 8
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are able to take advantage of the latter rOM increase in 
ADLs, but there was no significant change in internal and 
external rotation. By trend, there was an improvement in 
active external rotation by about 5° and for active internal 
rotation by about 10°. By trend, extension deteriorated by 
about 7°. In comparison to the average postoperative active 
flexion of 123° reported in other studies (Table 3), our rSA 
group showed less postoperative glenohumeral rOM at 
109°. This might be explained by the different measure-
ment methods. Flexion in the clinical papers is a combina-
tion of glenohumeral and scapulothoracic motion and flex-
ion was measured using a conventional manual goniometer 

or an electric goniometer, whereby it is hardly possible 
to achieve sufficient separation of the glenohumeral joint 
movement from compensatory motion of the shoulder gir-
dle or the trunk. It can be assumed that the scapulothoracic 
motion and maybe compensatory movements of the trunk 
were included in the values of the clinical papers. compa-
rable to the present study is the electromagnetic study of 
Alta et al. [27]: they measured actively performed rOM 
tasks and found a minor active glenohumeral rOM for 
forward flexion (71°) in contrast to the average reported in 
other studies after 23 months. We assume that these lower 
values better describe the true benefit of rSA, although we 
are aware that a comparison is difficult. Follow-up in the 
present study varies from that in other published studies: 
the follow-up is shorter and rOM can further improve over 
time. Another fact influencing the postoperative rOM is 
the shift of the center of rotation of the glenohumeral joint, 
classically combined with a medialization to improve effi-
ciency of the deltoid [3, 28–30]. Lateralizing the center of 
rotation in rSA has been suggested as a potential means of 
limiting the degree of scapular notching and of improving 
external rotation [31]. As we described previously [32], the 
location of the functional center of rotation can be located 
using the huX model with an accuracy of 0.1 mm. In the 
aforementioned study, a comparable patient group showed 
a medialization of 8.3 mm. It has also been shown that the 
huX model better represents glenohumeral joint motion 
than manual goniometer measurements [13, 33]; however, 
this is not the only advantage in contrast to electromag-
netic tracking device studies [27]. Indeed, the benefit of 

Fig. 3  range of motion in the 
four ADLs combing the hair 
(Cmb), washing the opposite 
underarm (Wsh), tying an apron 
(Aprn) and taking a book from a 
shelf (Shlf). comparison of the 
pre- (black bars) and one (gray 
bars) year post-operative rOM

Table 3  Active flexion in patients with reverse shoulder arthroplasty 
for cuff tear arthropathy

No number, FU follow-up in months

No. Fu pre-post

Alta et al. [1] 19 23 NA → 71°

Boileau et al. [3] 21 40 53° → 123° +70°

cuff et al. [9] 114 27 63° → 118° +55°

Favard et al. [11] 129 49 70° → 135° +65°

Frankle et al. [12] 66 33 70° → 120° +50°

Jobin et al. [21] 37 16 38° → 144° +106°

Lawrence et al. [25] 81 43 NA → 152°

Seebauer et al. [34] 35 18 NA → 140°

Sirveaux et al. [36] 80 44 73° → 138° +65°

Werner et al. [33] 17 38 45° → 103° +58°

current study 9 12 66° → 109° +43°
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marker-based 3D motion analysis using the huX model is 
that it provides an objective, precise analysis of complex 
ADLs, such as taking a book from a shelf, as performed in 
the present study. Thus, our study provides valuable insight 
into the movement of a reverse, replaced shoulder while 
performing ADLs and shows that patients were able to use 
the postoperative rOM increase in flexion, abduction, and 
adduction while performing ADLs. In the present study, 
we tried to answer the question, how rSA patients use the 
rOM changes in performing ADLs: the results show that 
rSA improves flexion rOM in ADLs but when performing 
ADLs, rSA patients do not use their maximum available 
flexion rOM of 109°. In ADLs they use a maximum of 
95° in performing the cmb task. In the literature, the study 
group published a comparable control group, performing 
the same ADLs [34]. These healthy controls used 139°–
0°–69° in flexion/extension and 118°–0°–37° in abduction/
adduction. Thus, postoperatively, rSA permits the patient 
of this study to perform nearly all required ADLs pain-
lessly (Table 2). considering the maximum rOM, rSA 
patients were not able using their maximum available rOM 
to perform the ADLs in the early follow-up. This might be 
related to limitations in active rOM, and changed shoul-
der geometry and motion patterns after rSA. Further stud-
ies with evaluation of the muscular motion patterns should 
focus on that.

3D motion analysis using the huX model seems to be 
a valuable tool to exactly detect surgery-related changes in 
cTA shoulders after rSA. patients included in this study 
had a deficient teres minor. There is some data that this can 
cause only minor improvement of external rotation after 
rSA. There are some promising results of transfer of the 
latissimus dorsi and the teres major in a one-stage proce-
dure with rSA [35]. Future studies could exactly measure 
the improvement of ArO in ADL in these patients.

There are some limitations of the current study: there 
are very few studies which exactly measure glenohumeral 
motion, but clinically flexion includes a combined motion 
of the scapula on the trunk and the glenohumeral joint. 
Therefore, a comparison of the current data to the clini-
cal values is difficult. Future studies will have to address 
the issue of the exact measurement of the scapulathoracic 
motion. Only nine patients performing four ADL could be 
included in the current “pilot study” which is a relatively 
small study population. This however, can be explained 
by the complex and elaborate study setup that prevents the 
examination of larger study populations.

Conclusion

rSA improves the active glenohumeral rOM for flexion, 
abduction, and adduction. The values measured in 3D 

motion analysis are lower than the ones measured by use 
of a manual goniometer. The patients who received a rSA 
could perform at least three out of four ADL. The patients 
had an improved flexion, abduction, and adduction in the 
four tested ADLs, but there is no significant change in 
internal and external rotation. This supports the point of 
view that muscle transfers have to be added if this issue 
should be addressed.
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