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Abstract

Purpose Reverse shoulder arthroplasty becomes more
widely used as treatment for patients with complex cuff
arthropathy. Theoretically, a higher retroversion of the
humeral component leads to an increase in external rotation
ROM and a decrease in internal rotation ROM. There is no
consensus in optimal retroversion orientation. We retro-
spectively describe the effect of retroversion of the humeral
component. We hypothesize that 20° humeral retroversion
improves postoperative ROM, strength or clinical outcome
scores compared to neutral retroversion.

Methods A retrospective clinical study is performed. An
Aequalis reverse shoulder prosthesis was placed in 65
shoulders from 58 patients with a mean age of 73.8 years
(95% CI 72.0-75.6). Between October 2006 and May
2012, the humeral component was placed in neutral
retroversion in 36 shoulders (55%). From June 2012 to
June 2014, it was placed in 20° retroversion in 29 shoulders
(45%). After a mean follow-up of 36 months with a min-
imum of 12 months, patients were invited for a study visit.
ROM, strength, Constant-Murley and Oxford Scores were
measured.

Results ROM, strength and Constant-Murley and Oxford
Scores did not differ significantly between both groups.
Conclusions With the Aequalis prosthesis, no significant
effect of 0° or 20° retroversion on external and internal
rotation ROM, strength or functional outcome scores was
found.
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Introduction

Reverse shoulder arthroplasty is a rapidly increasing
treatment for complex cuff arthropathy [1]. However,
restoring full range of motion (ROM) remains a problem,
especially external and internal rotation [2]. Paul Gram-
mont, the inventor of the Delta reverse shoulder prosthesis,
already suggested increasing humeral component retro-
version as a theoretical option to improve external rotation
[3]. However, this will have a potentially negative effect on
internal rotation. Currently there is no agreement on an
optimal retroversion angle. Several authors described a
wide range of optimal humeral component retroversion
regarding stability, scapular notching and ROM, ranging
from 0° to 40° [4-8]. However, those studies were per-
formed on cadavers or computer models. To our best
knowledge, only one clinical study assessed the influence
of retroversion on ROM in vivo, describing no significant
differences in ROM between 0° and 20° retroversion, but a
significantly better score in the 0° group for activities in
daily living (ADL) task back washing/doing up bra [9].
However, only a Korean population was studied, which on
average has a different morphology than the European
population as treated in our hospital [10]. This difference
might affect changes in component positioning.

In this present study, we retrospectively describe the
clinical effects of a different humeral component retro-
version angle of 0° and 20° on ROM, strength and func-
tional outcome scores. Retroversion between 0° and 20°
was described in the surgical technique manual from the
manufacturer of the prosthesis. From a theoretical point of
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view, a higher retroversion increases external rotation, but
may decrease internal rotation ROM. Our hypothesis was
that compared to neutral retroversion, 20° humeral com-
ponent retroversion in vivo increases postoperative ROM,
strength and functional outcome scores.

Materials and methods
Participants

The study protocol was approved by the local ethics
committee of the hospital (METC ZWH 14-009). A ret-
rospective study was performed to evaluate the influence
of humeral component retroversion on shoulder range of
motion and functional outcome scores. All operations
were performed by the senior author (PH) between
October 2006 and June 2014. Operation indication was
cuff arthropathy in all patients. Reasons for exclusion
were death, lack of notation of retroversion in the oper-
ation report, treatment with fracture prosthesis or revision
from previous shoulder prosthesis. A total of 127 patients
were invited to participate in this study. Sixty-five
shoulders from 58 patients with a mean age of 73.8 years
at the time of surgery accepted participation. Minimum
follow-up time was twelve months. From October 2006 to
May 2012, 36 prostheses were placed with the humeral
component in 0° retroversion. From June 2012 to June
2014, another 29 prostheses were placed in 20°
retroversion.

Surgical technique

The deltopectoral approach was used to implant an
Aequalis Reversed Shoulder prosthesis (Tornier, Mont-
bonnot, France). Intraoperatively, the retroversion relative
to the forearm was determined using the alignment guide
supplied with the Aequalis prosthesis (Fig. 1). The glenoid
component was placed in neutral position in all patients.
Five prostheses were cemented (all in neutral group).
Autologic bone grafting for the glenoid component (BIO-
RSA) was used in six shoulders (two in neutral group, four
in 20° group). The subscapularis tendon was repaired in 25
shoulders. The capsule was detached and repaired together
with the subscapularis as one layer. Posterior capsule was
released for optimal exposure of the glenoid. Biceps
tenotomy was performed when present. No tendon trans-
fers were done. Patients were instructed to wear a sling for
3 weeks postoperative. No active or passive external
rotation more than the neutral position or active internal
rotation was allowed in this period. Patients were allowed
to move their arm within the pain limit and the current
ROM.
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Fig. 1 Retroversion alignment procedure

Procedure

The patients were asked for a study visit at the outpatient
clinic. At this follow-up examination, the ROM was mea-
sured by the same independent researcher for all patients,
using a goniometer, which included active abduction,
glenohumeral abduction (GHA), forward flexion, external
rotation in 0°-90° abduction. Internal rotation was mea-
sured and scored as a component of the Constant-Murley
Score [11]. An electronic spring balance device was used to
measure abduction strength, measured with the patient
standing, with the arm in 90° of abduction. Abduction
strength was not measured when the patient was unable to
reach this position. Internal rotation strength was measured
in 0° of abduction in the shoulder and 90° of flexion in the
elbow. Two clinical outcome scores were completed, the
Constant-Murley Score and the Oxford Shoulder Score
[12].

Statistical analysis

An independent sample ¢ test was used to compare ROM,
strength and outcome scores between the two groups using
SPSS 17.0 (IBM Co., Armonk, NY, USA). Results were
adjusted for follow-up time using linear regression. A two-
tailed p value less than 0.05 was considered to be statisti-
cally significant.

Results
Demographics

Demographics did not differ significantly between the two
groups, except for follow-up period (Table 1). Mean
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Table 1 Demographics [95%

Total (n = 65)

Retroversion 0° (n = 36) Retroversion 20° (n = 29) p value

CI]
Age, years 73.8 [72.0-75.6] 72.3 [69.4-75.3] 75.6 [73.7-71.5] 0.06
Gender
Male 16 7 9
Female 49 29 20
Side
Left 27 11 16
Right 38 25 13
Follow-up (months) 36 [31-42] 51 [44-57] 18 [17-19] <0.001
follow-up time in the 0° group was 51 months with a . B}
minimum of 24 and 18 months in the 20° group with a
minimum of 12 months. This differs significantly because 4 | o1
of the consecutive change from 0° to 20° retroversion from
June 2012. Results were adjusted for the difference in 34 —— =Total (n=65)
follow-up time. As possible complications, five patients 0° (n=36)
o . 2 _20°(n=29)
reported pain in hand or forearm, when specifically asked
for. After acute conditions were ruled out, no further L] |
examinations were performed because of the long-time
existence and mild complaints, comorbidity, potential 0.

preexistence and patients’ demands. One patient reported
to have had temporary sensory impairment in the n. ulnaris
region after loco-regional anesthesia. At study follow-up,
no infections or dislocations were reported.

ROM, strength and clinical outcome scores

Postoperative ROM, strength and clinical outcome scores
did not significantly differ between 0° and 20° of humeral
component retroversion (Figs. 2, 3 , 4). Abduction strength
could not be measured in five patients, because of inability
to reach 90° abduction. Internal rotation ROM measured as
part of the Constant-Murley Score was similar in both
groups (p = 0.82) (Fig. 5). Patients who had bilateral

Internal rotation (p=0.14) Abduction (p=0.66)

Fig. 3 Strength (kg)

surgery had similar results as patients who had unilateral
surgery. Cementation of the prosthesis or BIO-RSA did not
influenced functional outcome.

Discussion

Our present study did not find any statistically significant
differences in ROM, strength or functional outcome scores
between 0° and 20° retroversion. The found differences in
ROM in all directions are only small, between 2° and 6°. It
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is unlikely that these differences are of any clinical influ-
ence. Since a minimal clinically important difference of 10
points for the Constant-Murley Score was reported before
[13], the small differences found in our present study in the
partly subjective Oxford and Constant-Murley Scores
suggest similar patient satisfaction and ability to perform
daily activities in both groups.

Several authors have assessed the influence of retro-
version on stability, scapular notching and ROM in cadaver
or radiologic studies, leading to various outcomes, leaving
the optimal retroversion angle in vivo unclear [4-8, 14]. It
was suggested that retroversion of many factors has only
little effect on stability [15]. A biomechanical study was
performed by Favre et al. [14], controversially recom-
mending neutral version or even anteversion to avoid
instability. Although increased retroversion theoretically
improves external rotation, internal rotation is decreased
because of later posterior impingement and earlier anterior
impingement. However, with the shoulder abducted more
than 60°, no impingement occurs in vitro [5]. A biome-
chanical cadaver study performed by Berhouet et al. [8]
described a native retroversion of 17.25° and a decrease in

internal rotation and a significant increase in external
rotation with higher retroversion of implanted humeral
components, suggesting retroversion between 0° and 20° to
give the best balance. Whereas Berhouet et al. found a
mean external rotation ROM of 33.8° for the worst
experimental setting and over 100° for the best setting, our
present study found a mean overall external rotation ROM
of 30°. These findings suggest the presence of other limits
in vivo that are not simulated in cadaver studies, such as
capsular or tissue adhesions, muscle stiffness or differences
in scapula movement. The only clinical study available
also did not find a significant difference in ROM and
Constant-Murley Score between 0° and 20° retroversion
[9]. Mean reported Constant Murley Score was somewhat
higher than in our present study. This might be explained
by the higher age in our population compared to the pop-
ulation studied by Rhee et al. Higher age on average tends
to decrease the Constant-Murley Score [16]. Rhee et al. [9]
reported a significantly better score for ADL task back
washing/doing up bra in the 0° group. Our present study
did not specifically research this ADL task. However, no
significant difference in internal rotation was found. Pre-
viously reported instability [7] did not occur in our study
group; therefore, this could not be compared between the
groups. The same applies to scapular notching, which was
reported to be prevented in cadaver shoulders by placing
the humeral component in 10° or 20° retroversion [17].
Since our present study did not evaluate scapular notching,
we can support nor argue these findings.

Our study had some weaknesses. First, it was a retro-
spective study. The study had a high loss of follow-up,
mainly due to high age of our patients. Common reasons to
deny participation were transport or health problems not
related to the operated shoulder. Minimum follow-up was
short, 1 year; 57% of the patients in our study had follow-
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up of more than 2 years. However, comparison of middle-
and long-term follow-up shows similar results. Further, the
operation technique was not fully equal in all patients since
five patients received a cemented prosthesis and BIO-RSA
was used in six patients. However, this did not influence
functional outcome. Further, there were no systematic
preoperative data available. Since retroversion might have
different effects on clinical outcome with a different
prosthesis design, further research on other prosthesis
designs might be necessary.

Conclusion

Our present study did not find any significant effects on
ROM, strength or functional outcome scores of 0° or 20°
retroversion of the humeral component with the Aequalis
reverse shoulder prosthesis. Therefore, the humeral com-
ponent in reverse shoulder arthroplasty can be implanted in
any retroversion between 0° and 20°.
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