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Good outcome in 14 patients followed for a mean of 2.5 years
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Background  Revision in failed shoulder arthroplasty often
requires removal of the humeral component with a significant risk
of fracture and bone loss. Newer modular systems allow conver-
sion from anatomic to reverse shoulder arthroplasty with reten-
tion of a well-fixed humeral stem. We report on a prospectively
evaluated series of conversions from hemiarthroplasty to reverse
shoulder arthroplasty.

Methods 1In 14 cases of failed hemiarthroplasty due to rota-
tor cuff deficiency and painful pseudoparalysis (in 13 women),
revision to reverse shoulder arthroplasty was performed between
October 2006 and 2010, with retention of the humeral component
using modular systems. Mean age at the time of operation was 70
(56-80) years. Pre- and postoperative evaluation followed a stan-
dardized protocol including Constant score, range of motion, and
radiographic analysis. Mean follow-up time was 2.5 (2-5.5) years.

Results Mean Constant score improved from 9 (2-16) to 41
(17-74) points. Mean lengthening of the arm was 2.6 (0.9—-4.7) cm
without any neurological complications. One patient required
revision due to infection.

Interpretation Modular systems allow retainment of a well-
fixed humeral stem with good outcome. There is a risk of excessive
humeral lengthening.

Revision surgery in failed shoulder arthroplasty remains a
technically challenging operation associated with less predict-
able results and higher complication rates when compared
to primary shoulder arthroplasty (Wall et al. 2007, Zumstein
et al. 2011). Failure results from a combination of bone and
soft tissue deficiency as well as secondary rotator cuff insuf-
ficiency, infection, neural injuries, and implant-associated
complications. Fracture arthroplasty has a risk of resorption,
malunion, and dislocation of the tuberosities (Zyto et al. 1998,
Boileau et al. 2002, Hasan et al. 2002). Secondary rotator cuff

insufficiency leads to anterosuperior migration of the humeral
component and painful pseudoparalysis. In these cases, revi-
sion to a reverse shoulder arthroplasty may give better func-
tional results and pain reduction (Levy et al. 2007a, b, Flury
etal. 2011).

Primary shoulder arthroplasty is mostly performed with a
stemmed implant. Revision of a stemmed prosthesis often
requires removal of the cemented or bony ingrown humeral
shaft. When there are well-fixed components, the humerus is
at risk of intraoperative fracture, longer operating time, and
blood loss. Removal of cement and the humeral component
may require a humeral cortical window. In some cases, there
may not be enough humeral bone stock left for stable recon-
struction of the revision stem afterwards (Sperling and Cofield
2005, Gohlke and Rolf 2007, Johnston et al. 2012).

We hypothesized that newer modular systems allow con-
version from anatomic to reverse shoulder arthroplasty with
retention of a well-fixed humeral stem. At present, there is
limited information regarding this technique and its possible
complications. Here we report our results for conversion from
hemiarthroplasty to reverse total shoulder arthroplasty.

Patients and methods

From October 2006 through 2010, the senior author (FG)
performed 119 revision arthroplasties to a reverse shoulder
arthroplasty. Patients met the inclusion criteria for this pro-
spective study if they had a failed modular hemiarthroplasty
due to secondary rotator cuff insufficiency and painful pseudo-
paralysis, and if modular adapter components for conversion
were available. In addition, a negative preoperative history of
infection, absence of local or systemic signs of infection, and
inconspicuous markers of inflammation including C-reactive
protein and leukocyte count were required. 37 patients fulfilled

Open Access - This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use,

distribution, and reproduction in any medium, provided the source is credited.

DOI 10.3109/17453674.2013.842433



474

Acta Orthopaedica 2013; 84 (5): 473-478

Measurement of lengthening of the arm was performed preoperatively (panel A) and postoperatively
(panel B) on true anteroposterior radiographs. Measurement was corrected for humeral abduction
and magnification. CH: connecting point between metaphyseal and diaphyseal humeral components;
TH: distal tip of the humeral component; ACH: distance between the inferolateral tip of the acromion
and point CH.

these criteria. In 13 cases of intraoperatively loose humeral
components and excessive soft-tissue contractures despite an
appropriate release that did not allow reduction with the origi-
nal humeral stem in place, and in 10 cases with intraopera-
tive findings suspicious of infection, a 1- or 2-stage revision
including removal of the humeral stem was required.
Retention of the humeral shaft could be achieved in the
remaining 14 patients (13 women) using implants of 5 dif-
ferent companies (Mathys, Zimmer Medical, Tornier, Lima,
and Implantcast). Indications for the index operation included
fracture (8 cases), cuff tear arthropathy (5 cases) and tumor (1
case). Mean age at the time of operation was 70 (56—80) years.
All patients had a deficiency or atrophy of the anterior deltoid
muscle due to previous surgery. Mean operating time was 141
(88-215) min. Mean follow-up time was 2.5 (2-5.5) years.

Clinical and radiographic evaluation

Pre- and postoperative examination included Constant-Mur-
ley score. Pain was assessed using VAS. Range of motion
was measured for active and passive elevation, abduction, and
rotation. Internal rotation was documented to the level of the
spinal region reached with the thumb. Integrity of the 3 parts
of the deltoid muscle was assessed clinically for muscular
contraction and positive lag-sign. Electrodiagnostic studies
were used to confirm clinical suspicion of denervation of the
deltoid muscle.

Patient satisfaction was rated as “very satisfied”, “satisfied”,
“fair”, or “disappointed”’. Radiographic examination was per-

formed pre- and postoperatively including true anteroposte-
rior and axillary projections. In addition, we used preoperative
CT-scans and ultrasonography to determine the quality of the
residual rotator cuff and glenoid bone stock as well as signs
of humeral component loosening. Postoperative radiographs
were evaluated for evidence of humeral and glenoid compo-
nent loosening, heterotopic ossification, and inferior glenoid
notching.

Measurements were made from true anteroposterior radio-
graphs using a digital caliper (Figure) with positioning of the
patient’s arm parallel to the cassette in neutral rotation. The
diaphyseal axis was drawn as a line passing centrally through
the medullary canal. Humeral abduction was calculated as the
angle between the glenoid plane and the diaphyseal axis. To
correct for magnification, the length of the diaphyseal part
of the humeral stem was measured from the distal tip of the
humeral component (TH) to the connecting point between the
metaphyseal and diaphyseal humeral component crossing the
diaphyseal axis (CH). The center of the glenoid baseplate was
taken as the center of rotation (COR). A circle was drawn from
the center of the glenoid to point CH. Afterwards the distance
between the inferolateral tip of the acromion and point CH
was measured (ACH). To correct for difference in humeral
abduction (HA), we used the following formula:

ACH[mm)

L—
e sin(90° — HA[])

Postoperative lengthening of the arm was calculated as the
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difference between pre- and postoperative ACH’. This mea-
surement depends on the glenosphere and polyethylene insert
chosen.

Surgical technique

Operation was performed preferably using a deltopectoral
approach. If a different approach had been used for the pre-
vious surgery, it was also used if it was deemed appropriate
for exposure. Scar formations were properly dissected, and a
cautious subacromial release and mobilization of the remnants
of the rotator cuff were performed. If possible, remnants of
the infraspinatus and teres minor tendon were preserved. Joint
fluid aspirations and tissue biopsies were taken to search for
infection, and antibiotics were given postoperatively. Cultures
were kept for 2 weeks to detect slow-growing pathogens such
as Propionibacterium species. After dislocation of the prosthe-
sis and removal of the metaphyseal component, the humeral
shaft was checked for stable fixation. Afterwards, a subperios-
tal and periglenoidal release was performed for proper expo-
sure of the glenoid. The glenoid baseplate was placed on the
inferior part of the glenoid with a slight inferior tilt (< 10°) to
reduce the incidence of postoperative glenoid notching. After
fixation of the glenosphere, trial repositioning was performed
using an adequate metaphyseal trial component to restore joint
stability. As all but 1 type of prosthesis (Lima) did not permit
complete removal of the metaphyseal component, the inser-
tion of an additional humeral adapter due to implant design
complicated prosthetic reduction. This metaphyseal “onlay”
technique resulted in additional lateralization of the humeral
component, causing advanced tensioning of the soft-tissues.
Following insertion and reduction of the prosthesis, a double-
row side-to-side reconstruction of the subscapularis tendon
was performed if possible.

Postoperative treatment followed a standardized protocol
involving 6 weeks of immobilization in an abduction splint
accompanied by passive physiotherapy. Patients underwent
postoperative antibiotic treatment consisting of amoxicillin
and sulbactam until cultures were found to be negative.

Statistics

Pre- and postoperative data were compared using the Wilcoxon
signed rank sum test. Correlation between arm lengthening
and clinical outcome or prosthetic design was assessed with
Spearman’s correlation coefficient. The cutoff for statistical
significance was set at p = 0.05. All investigations conformed
to ethical principles of research, and we obtained informed
consent for participation in the study from all 14 patients.

Results

Constant score improved from 8.9 (2-16) points to 41 (17-74)
points postoperatively (p < 0.001). The age- and sex-related
Constant score improved from 13% (3-26) to 59% (25-91)

Table 1. Clinical outcome of 14 patients following revision of failed
hemiarthroplasty to reverse shoulder arthroplasty

Preoperatively At last follow-up p-value

Mean Constant score (range)

Total 9 (2-16) 41 (17-74) < 0.001
Pain 1.4 (0-4) 11 (5-14) < 0.001
Activity 2.9 (0-4) 11 (6-18) < 0.001
Mobility 4.6 (0-12) 16 (6-30) < 0.001
Strength 0 3.4 (0-15) 0.008
Mean active range of motion
in degrees (range)
Elevation 51 (20-100) 98 (50-150) 0.003
Abduction 38 (10-70) 82 (40-140) 0.006
External rotation (0°) 1(0-5) 10 (0-30) 0.008

(p < 0.001). All subgroups of the score showed a significant
increase (Table 1). Mid-elevation increased from 51° to 98°
(p < 0.001) and active abduction increased from 38° to 82°
(p < 0.001). Mean external rotation postoperatively was 10°.
Internal rotation was improved to L3 in 2 patients, whereas all
others were able to reach the sacrum.

Intraoperative biopsies and joint aspirations were positive in
5 cases; 3 of them had been revised for failed fracture arthro-
plasty. We detected coagulase-negative Staphylococcus in 4
patients and Propionibacterium acnes in 1 patient. Follow-
ing performance of a resistogram, antibiotic treatment was
adjusted with amoxicillin/sulbactam for 6 weeks.

Radiographic analysis showed arm lengthening of 2.6 (0.9—
4.7) cm (Table 2). In all cases, the shortest metaphyseal com-
ponent, the smallest polyethylene insert, and a 36-mm gleno-
sphere were implanted. Any influence of these parameters on
postoperative lengthening could therefore be excluded. We did
not find a correlation between arm lengthening and outcome
parameters, underlying diagnosis, or type of prosthesis.

There were no radiographic signs of component loosening
or glenoid notching at the latest follow-up. There was no dis-
location or fatigue fracture of the acromion or scapular spine.
Despite a mean arm lengthening of 2.6 cm, we could not find
any evidence of neural injuries or chronic regional pain syn-
drome at the postoperative follow-up.

We observed 2 postoperative complications. 1 patient
developed a deep infection with Staphylococcus epidermi-
dis 10 months postoperatively after incision of a sudorifer-
ous abscess. The infection was treated successfully with open
lavage and exchange of the polyethylene insert. Intraoperative
screening at the initial revision surgery had been negative. The
other patient complained of persistent pain after surgery. We
thought that this was due to baseplate loosening even though
we did not find any radiographic evidence. Intraoperatively,
glenoid bone stock was assessed critical to stable initial fixa-
tion of the glenoid baseplate. Regarding the subjective post-
operative outcome, 5 patients were very satisfied and 5 were
satisfied. 2 patients rated the outcome as fair and 2 were disap-
pointed, both of whom had had postoperative complications.
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Table 2. Patient data and radiographic findings

Patient Sex Side Age at Type of ACH’, mm Arm lengthening,
surgery prosthesis  preoperatively postoperatively mm
1 = L 77 Mathys 53 72 19
2 F R 61 Mathys 55 64 9
8 = L 67 Lima 58 101 44
4 F R 74 Tornier 49 67 18
5 = L 79 Mathys 43 82 39
6 F R 56 implantcast 46 61 15
7 M R 66 Zimmer 49 72 23
8 F R 70 Zimmer 44 58 i3
9 F R 79 Tornier 33 80 48
10 F R 63 Zimmer 42 53 11
11 = R 72 Mathys B3] 73 40
12 F R 60 Mathys 45 74 29
13 = R 72 Mathys 47 75 28
14 F R 70 Zimmer 28 59 31

. . bilization in an abduction splint and passive rehabilitation. In
Discussion

Revision to reverse shoulder arthroplasty is an option in the
treatment of failed anatomic prostheses. The reverse prosthe-
sis is designed to compensate for an insufficient rotator cuff by
recruiting anterior and posterior fibers of the deltoid muscle.
Restoration of deltoid tension results in lengthening of the
arm. There is currently no guideline for correct soft-tissue bal-
ancing. Intraoperative assessment of stability is usually based
on the surgeon’s experience and is therefore somewhat subjec-
tive. Boileau et al. (2005) postulated that a lengthening of 15
mm would be sufficient for stability. Improper retensioning of
the deltoid may lead to shortening of the arm, causing a high
risk of prosthetic dislocation. In contrast, excessive lengthen-
ing may result in abduction contractures and early baseplate
loosening from the forces pulling upward on the humeral side.
Elderly patients with osteoporotic bone are especially at risk
of acromial or scapular spine fatigue fractures. Neurologi-
cal complications appear to correlate with arm lengthening
(Ladermann et al. 2011). However, extended preparation of
soft-tissues, intraoperative vascular and neural injuries, and
the interscalene block also appear to play a role—as some
patients with substantial arm lengthening do not show any
neurological complications (Ladermann et al. 2009).

In a recently published study, Ladermann et al. (2012) fol-
lowed 183 patients who had received a reverse shoulder arthro-
plasty for at least 20 months. In comparison to the healthy con-
tralateral side, a mean lengthening of the arm of 1.6 cm was
detected. Patients with postoperative shortening of the arm and
reduced deltoid tensioning showed poorer functional outcome.
In contrast to their findings in a previous study, the authors did
not find a correlation between humeral lengthening and out-
come (Lddermann et al. 2009). Our patients developed an arm
lengthening of approximately 2.6 cm. We found no mechani-
cal or neurological complications. This may be due to a less
aggressive postoperative treatment involving 6 weeks of immo-

addition, clinically all the patients had a deficiency or atrophy
of the anterior deltoid muscle due to the previously performed
surgery. The resulting reduced tensioning of the deltoid muscle
may explain reduced mechanical stress on the acromion and
scapular spine. Excessive arm lengthening following insertion
of a humeral adapter may nevertheless result in neurological
complications as well as fatigue fractures and glenoid base-
plate loosening, even though it did not occur in our patients.

Reverse shoulder arthroplasty in posttraumatic arthritis
and revision surgery are still associated with less predict-
able results and higher complication rates than with cuff tear
arthropathy (Boileau et al. 2005, Guery et al. 2006, Jouve et al.
2006, Wall et al. 2007). In a recently published survey, Austin
et al. (2011) compared 28 reverse prostheses implanted for
primary or revision surgery. In the revision group, they found
poorer functional results and a higher complication rate than
in the primary reverse arthroplasties (one-third as compared
to one-fifth).

Failure of an anatomic prosthesis is multifactorial but is
more often related to complications associated with the gle-
noid side than to humeral complications. Cil et al. (2009) pre-
sented a study on 125 revision arthroplasties with a 20-year
survival rate of 83%. More than half of their re-revisions
had to be performed due to glenoid pathologies. Levy et al.
(2007b) reported on 19 revision operations with the reverse
prosthesis for failed hemiarthroplasty. In all cases, the previ-
ously used prosthesis was completely removed. Substantial
pain reduction, gain in mobility, and an increase in ASES
score of up to 61 points were found at a mean of 4 years post-
operatively. 17 patients were satisfied with the outcome and
6 required reoperation. More implant-related complications
occurred in cases with severe bone defects. Melis et al. (2010)
presented a multicenter study on 37 patients who had revision
of a total shoulder arthroplasty to a reverse arthroplasty due to
glenoid pathologies. There were complications in 11 patients,
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with reoperations in 8 patients because of persistent glenoid
loosening. Increased Constant score, pain relief, and gain in
forward elevation was noted.

If one assumes that the humeral side is less often the cause
of failure, one could question the necessity of extracting the
humeral shaft in these cases. Modular systems may help to
minimize extraction-related complications, especially with a
well-fixed humeral stem.

In order to avoid intraoperative fracture of the bone, a
humeral osteotomy may be necessary to facilitate humeral
stem extraction. Different techniques have been described in
the literature. Even so, there are also technique-related com-
plications such as non-union of the cortical window, dislo-
cation, and fracture (Johnston et al. 2012, Gohlke and Rolf
2007, Sperling and Cofield 2005). Walker et al. (2012) studied
22 patients following revision of failed total shoulder arthro-
plasty with a reverse implant, with extraction of the humeral
shaft. The patients showed improvement in ASES score, pain,
function, and range of motion. There were complications in
5 patients. Kelly et al. (2012) reported on 28 patients with
a minimum follow-up of 2 years after revision to a reverse
shoulder arthroplasty with extraction of the humeral shaft. The
age- and sex-related Constant score increased from 24% to
65% and mean forward elevation was 108° at the latest follow-
up. Despite a high level of satisfaction in 24 patients, there
were complications in 14 patients with reoperations in 7.

There have been few reports on revision to reverse shoulder
arthroplasty without stem removal. Verborgt et al. (personal
communication) reported on 15 patients with an improvement
in Constant score from 25 to 46 points at 1 year postopera-
tively. In 1 patient, they noted glenoid baseplate loosening.
Patel et al. (2012) followed 28 patients for an average of 3
years. Retention of the humeral stem could be achieved in
6 cases. The patients improved in ASES and VAS score and
forward elevation increased. There were complications in 3
patients. We noted similar outcomes in patient satisfaction and
functional improvement. We had a relatively low complication
rate (2/14) compared to the above-mentioned studies. This
may have been due to the surgical technique and restrictive
postoperative rehabilitation.

However, findings suggestive of infection require extraction
of the humeral shaft and a 2-stage revision (Gohlke and Rolf
2007, Walker et al. 2012). Patients claiming pain and stiffness
after shoulder arthroplasty without any clinical or laboratory
hint of infection are especially likely to carry low-virulence
organisms (Levy et al. 2012). The literature indicates higher
infection rates in revision surgery and in patients with a history
of trauma (Zumstein et al. 2011, Singh et al. 2012). Topolski
et al. (2006) reported 17% positive cultures in a series of 439
patients undergoing revision shoulder arthroplasty, with isola-
tion of Propionibacterium acnes in 60% of the positives. Kelly
and Hobgood (2009) noted positive intraoperative cultures in
one-third of presumed aseptic revision shoulder arthroplasty.
Rates of subsequent infections ranged from 13% to 25%, with

a high incidence of low-virulence bacteria (Topolski et al.
2006, Kelly and Hobgood 2009, Foruria et al. 2012). The clin-
ical relevance of unexpected positive cultures is controversial.
Our protocol included intraoperative cultures and postopera-
tive antibiotic therapy until anaerobic cultures were found to
be negative. In our series, we had positive cultures in 5 of 14
cases without any correlation with the underlying diagnosis.
We did not observe any subsequent infections, probably due
to postoperative antibiotic treatment.

In summary, we found revision of failed shoulder arthro-
plasty to be a technically demanding procedure with improved
but still limited functional results. Modular design of shoul-
der arthroplasty allowed conversion from anatomic to reverse
shoulder arthroplasty without removal of a well-fixed humeral
component, which reduced the risk of humeral shaft fracture.
However, outcome analysis of our study was limited by the
relatively short follow-up and the limited number of cases, and
also by the use of several implants and the different underlying
pathologies.

BSW designed the study, gathered and analyzed the data, and wrote the manu-
script. DB also gathered and analyzed the data. FG designed the study and
proofread the manuscript.
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