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Abstract Reverse total shoulder arthroplasty is a treatment

option for patients with symptomatic glenohumeral arthritis

and a deficient rotator cuff. The reported complication rates

vary from 0% to 68%. Given this variation, our purposes

were to (1) determine the learning curve for the procedure,

(2) identify complications and surgical pitfalls, and (3)

compare our results with those of similar published series.

We retrospectively reviewed 20 consecutive patients (mean

age, 73 years; range, 45–88 years) who had reverse total

shoulder arthroplasty by one surgeon, tabulating intraoper-

ative and postoperative complications. Minimum followup

was 3 months (average, 9 months; range, 3–21 months).

The intraoperative complication rate for the first 10 patients

was higher than that for the second 10 patients. There were

33 complications in 15 patients: 11 patients collectively had

22 intraoperative complications and eight patients collec-

tively had 11 postoperative complications. At radiographic

followup, 11 patients had scapular notching and nine

patients had heterotopic ossification. Our complication rate

was higher than published rates.

Level of Evidence: Level II, prognostic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Reverse shoulder arthroplasty was described first by

Grammont et al. [10] in 1987 as a treatment for patients

with cuff tear arthropathy for which nonoperative modali-

ties had failed. Other indications for prosthesis

implantation include revision of a failed arthroplasty or

internal fixation of a proximal humerus fracture associated

with a rotator cuff deficiency [1], reconstruction after

tumor resection of the proximal humerus [4, 5], and

pseudoparalysis of the shoulder [30]. Requirements for

implantation include a functional deltoid muscle and ade-

quate glenoid and proximal humeral bone quality [8].

Although reverse total shoulder arthroplasty has been

performed for more than 20 years in Europe with promis-

ing results [2, 6, 11, 21, 22, 25, 28], it was not approved for

use in the United States until March 2004. Since that time,

numerous outcomes of the reverse prosthesis have been

published [1, 5, 9, 12, 26, 29, 30]. The reported compli-

cation rate for this procedure ranges from 0% to 68%

(Table 1), but these studies have not focused on intraop-

erative complications of this procedure nor emphasized

pitfalls in technique during early experience of the sur-

geons. Because of these factors, one surgeon suggested

reverse prosthesis surgery should be performed only by

experienced shoulder surgeons [23].
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Our hypotheses were: (1) our observed complication and

pitfall rates of this surgical procedure would be similar to

published rates, and (2) the intraoperative and postoperative

complication rates would be higher among early procedures

than in later procedures. We also sought to determine if

there was a definable learning curve for this procedure after

which the late complication rate decreased markedly from

the early complication rate. We sought to determine if

preoperative patient demographics and clinical features

were associated with an increased risk of intraoperative and

postoperative complications. Finally, because we found

several radiographic complications not previously reported

(such as heterotopic ossification), we sought to determine

the incidence of complications detectable by radiographs in

patients undergoing a reverse prosthesis.

Materials and Methods

We retrospectively reviewed the charts of 20 consecutive

patients who had a reverse total shoulder arthroplasty

performed by the same surgeon between June 2004 and

May 2006 and who had at least 3 months followup.

Patients with surgery after this time were not included

because they had less than 3 months followup. Key vari-

ables extracted included patient demographics (gender and

age), indications for surgery, presence of intraoperative

complications and surgical pitfalls, and postoperative

complications. A formal power analysis was not conducted.

A review of the literature suggested the learning curve for

most surgical procedures was approximately 10 cases

[3, 7]. Therefore, we divided the 20 patients into two

groups: the first 10 patients and the second 10 patients. Key

patient demographics included gender and age. The age of

the 16 female and four male patients averaged 73 years

(range, 44–88 years). The minimum followup was

3 months (average, 9 months; range, 3–21 months). No

patient was seen for followup specifically for this review.

This study was reviewed and approved by our Institutional

Review Board.

The indications for surgery were symptomatic gleno-

humeral arthritis and massive rotator cuff deficiency (16

patients) or pain after hemiarthroplasty (four patients; cuff

tear arthropathy [n = 2], painful anterior-superior sublux-

ation syndrome [n = 2]) for which nonoperative treatment

had failed. The preoperative diagnosis was based on the

clinical examination and radiographs showing decreased

acromiohumeral space. Not all patients had MRI because

of the presence of an implant. In the patients with MRI

(n = 15) or computed tomography arthrography (n = 1),

there was a complete tear of the supraspinatus muscle (16

patients), associated tears of the infraspinatus muscle alone

(three patients), tears of the subscapularis muscle alone

(two patients), or tears of the infraspinatus and subscapu-

laris muscles (seven patients). Fourteen patients had had

previous surgeries on the operative shoulder, 13 had had

rotator cuff repairs, and nine had had multiple surgeries.

All surgeries were performed by the senior author

(EGM), whose practice is 90% shoulder surgeries,

including approximately 50 shoulder arthroplasties per

year. For the first four patients, the DePuy reverse shoulder

prosthesis (DePuy Orthopaedics, Inc, Warsaw, IN) (Fig. 1)

was used; for the subsequent 16 patients, the Tornier

reverse shoulder prosthesis (Tornier Inc, Stafford, TX)

(Fig. 2) was used. The designs of and instrumentations for

these two systems are similar.

The surgery was performed with the patients in the

beach chair position. In every case, general anesthesia with

Fig. 1 A diagram illustrates the DePuy reverse shoulder prosthesis (Courtesy of DePuy Orthopaedics, Inc, Warsaw, IN).
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a scalene block or indwelling scalene catheter was used,

and perioperative antibiotics were administered. A delto-

pectoral incision was used, and the cephalic vein was

protected when possible. The deltoid was released carefully

from the underlying structures, and the upper 1 cm of the

pectoralis major tendon was released in patients with an

internal rotation contracture. The joint capsule was split in

line with the bicipital groove and extended into the rotator

cuff interval. If the biceps tendon was present, it was

released, and a tenodesis to the anterior capsule was per-

formed at the end of the procedure in every case.

Exposure of the proximal humerus was attained by

creating anterior and posterior periosteal flaps, removing

osteophytes, and circumferentially releasing the capsule.

The humeral head osteotomy was made between 10� and

15� retroversion. For the first three patients, the proximal

humerus was prepared before inserting the glenoid base-

plate, but because of a high number of rim fractures in the

proximal humerus with this sequence, the glenoid com-

ponent was inserted first in subsequent patients, followed

by preparation of the proximal humerus and insertions of

the humeral component.

Exposure of the glenoid was obtained with anterior

and posterior retractors. Particular attention was paid to

exposing and identifying the inferior column of bone in the

lower scapula. The glenoid was sized, and for the initial 16

patients, the centering hole was made through a guide.

However, difficulty in keeping the guide in place on the

smooth surface of the glenoid resulted in the centering hole

in an unusable location. Therefore, a small anchoring

hole was made in the glenoid for the center peg reamer, a

hole that prevented drill migration. As a result, after 16

patients, hole drilling for the baseplate central peg was

performed by hand without a guide after creating a small

anchoring hole.

Next, the glenoid was reamed with a reamer of

appropriate size for the baseplate. Initially reaming was

performed with a pneumatic power drill, but its high torque

resulted in two nondisplaced fractures of the glenoid (from

the glenoid anchoring hole through the anterior rim of the

glenoid). In both cases, the baseplate had what was judged to

be adequate bone superiorly and inferiorly to support the

component. However, in both cases, cancellous bone from

the patient’s humeral head was placed in the central peg hole

and anterior to the glenoid along the scapular neck. Sub-

sequent to the second fracture, the glenoid was reamed by

hand. No other fractures occurred. The centering hole then

was over-reamed and the baseplate was impacted into place.

To allow compression from the anterior and posterior

screws, the superior and inferior screws were placed into

the baseplate first but were not locked. The anterior and

posterior screws then were placed; we recorded whether

compression was obtained or the screws spun. In three

patients, no screw was placed anteriorly because of insuf-

ficient bone stock. In the remaining patients, the screws

were left in place regardless of whether we obtained solid

fixation, in hopes they might provide stability by soft tissue

or bone formation around the screw. Once the baseplate

screws were in place, the glenoid sphere was inserted onto

the baseplate and locked into place with the central screw.

We defined inadequate screw fixation as inability to place a

compression screw or the lack of compression provided by

a compression screw. For these systems, four-screw fixa-

tion was considered optimum, and we defined suboptimum

fixation as anything less than adequate four-screw fixation.

The proximal humerus was prepared by proximal

reaming of the humeral head. During the humeral shaft

sizing, care was taken to avoid penetrating the humeral

shaft. A trial reduction with appropriately sized compo-

nents was performed, and the soft tissue tension of the joint

was assessed. The arm was tested for positions in which the

implant might subluxate or dislocate, and an axial dis-

traction force was applied to ensure component stability.

Finally, the definitive humeral implant was cemented into

place with a cement restrictor distal to the stem.

Associated procedures at the time of surgery included

biceps tenodesis (six patients), glenoid bone grafting (four

Fig. 2 A photograph shows the Tornier reverse shoulder prosthesis

(Courtesy of Tornier Inc, Stafford, TX).
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patients), and use of Dall-Miles cables (Stryker-Howmed-

ica, Kalamazoo, MI; two patients). Bone grafting

(autologous humeral head bone [three patients], freeze-

dried bone chips [one patient]) was performed for anterior

glenoid erosion (two patients) and to augment an iatrogenic

glenoid rim fracture (two patients). Dall-Miles cables were

placed to support a humeral bone window that was created

to facilitate hardware extraction in one patient and to

augment repair of a calcar fracture in another.

The wound was closed over two drains, and the patient

was placed in a commercially available shoulder immobi-

lizer. Passive range of motion (ROM) of the elbow and

active and passive ROM of the wrist and hand were per-

mitted the next day. The drains were removed on

postoperative Day 1 for all patients. All patients received at

least 24 hours of prophylactic antibiotics.

All patients were hospitalized for at least 2 days post-

operatively and then seen in clinic 1 week after surgery, at

which time the shoulder immobilizer was replaced with a

sling. Patients were allowed to remove the sling for ROM

elbow exercises and pendulum exercises. No patient had

formal physical therapy until 3 months after surgery.

Patients routinely were seen on a monthly basis for

3 months and then yearly thereafter. Some patients initi-

ated more frequent followup. At each followup, the treating

surgeon (EGM) did a complete shoulder examination,

including a neurovascular examination of the upper

extremity. We obtained radiographs (axillary view and

anteroposterior views with the arm in internal and external

rotation) of the operative extremity. One author (EGM)

interpreted all radiographs. Scapular notching was graded

according to the system of Nerot as described by Valenti

et al. [28] (Fig. 3). Any heterotopic ossification was

recorded and graded via the classification of Kjaersgaard-

Andersen et al. [15]. Our last radiographs were taken a

minimum of 3 months after surgery (mean, 9 months;

range, 3–21 months).

To test for differences between continuous variables (eg,

age) in the first 10 and second 10 procedures, we used

Student’s t test, and to test for group differences between

categorical variables (eg, gender), the chi square test of

association for categorical measures was used. We checked

the normality assumption using the Shapiro-Wilk test. We

observed no difference between the two groups regarding

age, gender, or history of previous surgeries of the affected

shoulder.

To calculate the complication and surgical pitfall rates

associated with the reverse prosthesis, we counted the

number of patients who experienced at least one intraop-

erative or postoperative complication and divided this

number by the total number of individuals at risk for a

complication. To test the hypothesis that the complication

rate would be higher in the first patients treated by the

surgeon, the patient sample was divided into two cohorts:

early and late experience. We determined the point at

which the complication rate decreased (intraoperatively or

postoperatively) via an analysis of the running complica-

tion rate. This rate was defined as the total number of

complications observed divided by the number of patients.

The point at which there was a reduction in the running

complication rate was considered evidence of proficiency

with the surgical technique. A chi square test was used to

test the association between experience (early versus later)

and complication (intraoperative or postoperative).

We stratified by the independent variable of surgeon

experience (early versus late). A similar analysis was used

to test the association of risk factors that might contribute

to the complication rate: age group (C 75 years old),

Fig. 3 The Nerot classification (as presented by Valenti et al. [28]) of

progressive scapular notching is shown: Grade 0, no notch; Grade 1

(lowest dotted line), notch confined to the scapular pillar; Grade 2

(lower middle dotted line), notch in contact with the lower screw;

Grade 3 (upper middle dotted line), notch over the lower screw; Grade

4 (top dotted line), notch extending under the baseplate. (Modified

and reprinted with permission and copyright � 2005 of The Journal of

Bone and Joint Surgery, Inc, from Werner CM, Steinmann PA,

Gilbart M, Gerber C. Treatment of painful pseudoparesis due to

irreparable rotator cuff dysfunction with the Delta III reverse-ball-

and-socket total shoulder prosthesis. J Bone Joint Surg Am.
2005;87:1476–1486.)
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gender, and history of previous shoulder surgery. After

assessing each variable independently for its influence on

the likelihood of a complication, a multivariate model was

fit with logistic regression methods to assess all variables

simultaneously for their influence on the likelihood of a

complication.

From 12 published studies with this reverse prosthesis,

we extracted various data about patient population, fol-

lowup, and complications (Table 1). With this published

experience, we constructed 95% confidence intervals for

complication and reoperation rates and compared our

experience with that in the literature. For all our analyses,

SAS1 Version 9.1 (SAS Institute Inc, Cary, NC) was used.

Results

We observed a higher (p = 0.037) complication rate (15 of

20 patients or 75%) than the pooled estimate from the lit-

erature. In the 12 published articles reporting on 417

patients (Table 1), the mean age at surgery was 62.5 years

(pooled SD, 8.3 years), mean followup was 44 months

(pooled SD, 14 months), and mean complication rate was

24.7% (95% confidence interval, 13.5%–35.9%).

The observed intraoperative complication rate for the

first cohort was greater (p = 0.025) than that for the second

cohort (Table 2). Individuals in the second cohort were

approximately 10% as likely (odds ratio = 0.11; 95%

confidence interval, 0.01–0.84; p = 0.033) to have an in-

traoperative complication as those in the first cohort

(Table 2). However, we found similar (p = 0.361) post-

operative complication rates between the first and second

cohorts (Table 3). For all complications, the number of

complications peaked with the seventh patient and then

began a steady decline.

After adjusting for age group and gender, individuals in

the second cohort were only 7% as likely to have an in-

traoperative complication as those in the first cohort

(odds ratio = 0.07; 95% confidence interval, 0.01–0.92;

p = 0.043).

Age, gender, and previous shoulder surgery were not

risk factors for the development of postoperative

complications.

At a minimum of 3 months followup (mean, 9 months)

scapular notching was present in 11 patients: Grade 1, three

patients; Grade 2, five patients; and Grade 3, three patients.

There was no radiographic evidence of fracture or com-

ponent loosening, dissociation, or dislodgment. At an

average followup of 11.5 months (range, 4–19 months),

the intraoperative glenoid and humeral fractures appeared

to be healing or healed with no dislodgment or migration of

the components. Heterotopic ossification was present on

the most recent radiographs in nine of 20 patients (average

followup, 9 months; range, 3–21 months) (Table 4).

Discussion

Reverse total shoulder arthroplasty was introduced

approximately 20 years ago as a treatment option for

patients with symptomatic glenohumeral arthritis and a

deficient rotator cuff but was not used extensively until the

late 1990s. In numerous series, the reported overall com-

plication rates vary from 0% to 68%, but these reports do

not focus on the intraoperative complications and possible

technical explanations under control of the surgeon. Given

this variation, we (1) determined the learning curve for the

procedure, (2) identified complications and surgical pit-

falls, and (3) compared our results with those of similar

published series.

Table 3. Postoperative complications

Complication Number in

first cohort

Number in

second cohort

Total

number

Stitch abscess 3 1 4

Superficial wound infection 0 1 1

Brachial plexus injury 1 1 2

Dislocation 1 1 2

Return to operating room 1 1 2

Total complications 6 5 11

Table 4. Presence of heterotopic ossification on followup

radiographs

Grade of

heterotopic ossification

Number % of affected

patients

1 6 35

2 3 15

3 0 0

4 0 0

Table 2. Intraoperative complications

Complication Number in

first cohort

Number in

second cohort

Total

number

Glenoid fracture 1 1 2

Calcar fracture 1 0 1

Humeral shaft fracture 1 0 1

Medial vault penetration 3 0 3

Center glenoid hole too large 2 1 2

Center glenoid hole redrilled 0 1 2

Poor screw fixation 5 3 8

No anterior screw 2 1 3

Total complications 15 7 22
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The major limitation of our study was the small sample

size. A larger sample size would have provided greater

precision for our complication rate estimates. We also

would have been able to test for interactions between

independent variables. For example, based on the observed

rate of postoperative complications, it would have been

necessary to follow at least 72 participants in each cohort

(total, 144) to achieve an 80% power analysis to detect a

difference between the two groups. However, our study

shows that previous surgeon experience did not seem to

affect the postoperative complication rate in the first

compared with the second 10 patients, so additional study

with larger numbers of patients is warranted to evaluate if

there is such an effect. Another limitation was the short-

term followup. Without longer-term followup, it is not

possible to determine the influence of the surgical pitfalls

or the complications on the final clinical result. Because we

did not evaluate preoperative or postoperative function or

patient satisfaction, the effect of these pitfalls and com-

plications on the final outcome or long-term results is

unknown. Our findings should be interpreted in light of two

other factors. First, the experience of one surgeon may not

be extrapolated to that of other surgeons whose experience

levels might vary. Reverse prosthesis surgery is difficult

with a high early-experience iatrogenic morbidity even for

more experienced shoulder surgeons; although it might be

inferred less experienced surgeons would have even more

difficulty, we did not address this point. Second, the

intraoperative and postoperative complications specific to

the reverse prosthesis may be related to the implant designs

used and may not apply to other reverse prosthesis systems.

We observed a higher complication rate and wider

variety of complications and technical pitfalls associated

with the reverse prosthesis than previously reported. We

showed there were more complications in the first 10

procedures performed than in the second 10. In our study,

the learning curve for our experienced shoulder surgeon

appeared to be seven patients, after which the complication

rate decreased. These findings are important for any sur-

geon contemplating or currently performing reverse total

shoulder arthroplasty [23]. Comparison of our complica-

tion rate with published rates (Table 1) confirms the major

source of surgical pitfalls and complications is related to

glenoid preparation and baseplate insertion (Table 1).

However, few studies focus on intraoperative complica-

tions or report surgical pitfalls as potential complications.

The number of screws required for adequate fixation of the

baseplate is unknown (at least one reverse prosthesis sys-

tem has no anterior or posterior screws), and screws with

poor fixation may not affect long-term results. The delto-

pectoral approach is associated with a higher instability

rate than the superior approach, and this may have had an

impact on the complication rate in our study [1].

The type and distribution of complications may have

been affected by the number of patients undergoing revi-

sion surgery. Complication rates reportedly are higher in

patients having revision surgery than in patients with pri-

mary arthroplasty [20, 30]. We did not have enough

patients with revision of an arthroplasty to a reverse

prosthesis to evaluate this variable independent of other

variables. However, the only patient with a humeral-side

complication in our study did have revision of a conven-

tional shoulder arthroplasty humeral stem.

Our data confirm those of others suggesting most com-

plications occur on the glenoid or baseplate side of the

reverse prosthesis (Table 1). Other complications that can

occur with glenoid implantation include placement of the

prosthesis in the wrong location or orientation. Our rate of

scapular notching with short-term followup is similar to

rates in other studies with longer followup (Table 5).

Recently, Simovitch et al. [24] reported a prosthesis-

scapular neck angle of 124� ± 19� predisposed the

Table 5. Reported incidence of scapular notching

Study Number of

patients

Age* (years) Prosthesis� Followup* (months) Number with

scapular notching

Valenti et al. [28] (2001) 22 70 (55–87) Delta III 84 (60–108) 19 (86%)

Sirveaux et al. [25] (2001) 80 72 (58–86) Delta III 44.5 (24–101) 50 (65%)

Boulahia et al. [2] (2002) 16 77 (66–80) Delta III 35 (24–65) 10 (63%)

De Wilde et al. [4] (2003) 13 49 (26–68) Delta III 36 (5–120) 4 (31%)

Vanhove and Beugnies [29] (2004) 14 71 (55–85) Delta III 31 (11–50) 7 (50%)

Sirveaux et al. [26] (2004) 80 73 (60–86) Delta III 44 (24–97) 49 (64%)

Boileau et al. [1] (2005) 45 NR Delta III 40 (24–72) 24 (74%)

Werner et al. [30] (2005) 58 68 (44–84) Delta III 38 (24–NR) 56 (97%)

Frankle et al. [9] (2005) 60 71 (34–86) Reverse Shoulder Prosthesis 33 (24–68) 0 (0%)

* Values expressed as means, with ranges in parentheses; �prostheses included the Delta III1 Reverse Shoulder System (DePuy Orthopaedics,

Inc, Warsaw, IN) and the Reverse1 Shoulder Prosthesis (Encore Medical, LP, Austin, TX); NR = not reported.
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prosthesis to notching. We observed scapular notching

within the first 3 months after reverse prosthesis implan-

tation in 11 of 20 patients; this may be attributable in part

to surgeon inexperience, design of the particular prosthesis

used, or improper orientation of the glenoid baseplate on

the glenoid. In fact, notching can begin within weeks of

implantation of the prosthesis. Because our postoperative

radiographs were not obtained with fluoroscopy, we did not

analyze baseplate inclination angle and cannot comment on

its role in the development of scapular notching in our

cohort. Additional study is warranted to determine the

relationship between notching during the early postopera-

tive period and subsequent clinical results [6, 24, 25, 30].

We found the existing guides for drilling the central peg

of the reverse prosthesis are difficult to control and can

contribute to improper drilling of the glenoid baseplate peg

hole. Design changes or cannulated systems might help

prevent this complication. Complications that we experi-

enced but were not mentioned in the literature included

oversizing of the baseplate peg hole when the glenoid bone

was soft and penetration of the medial vault of the glenoid

by the peg hole drill. Longer followup is necessary to judge

the impact of these technical complications.

In our study and in published reports, humeral-side

complications were much less common than glenoid

baseplate complications (Table 1). With the designs we

used, fracture of the proximal humerus can be common if

the diameter of the proximal humeral head area is smaller

than 36 mm. Propagation of cracks into the proximal

humeral metaphyseal area can occur during cementation

and implantation of the prosthesis. In two patients, we used

cables to prevent fracture of the shaft after implantation.

Because these fractures were very proximal in the humeral

shaft, it is unlikely they will propagate, but longer-term

followup is necessary to assess the clinical significance of

this complication.

Numerous studies suggest surgeon experience can affect

postoperative clinical results and other outcome variables

[13, 14, 16–18, 27]. Although one of our goals was to

examine the early experience with implantation of the

reverse prosthesis, we found the intraoperative complica-

tion rate decreased after the first 10 cases. We did not

assess the effect of other potentially influential variables,

such as skilled operating room personnel, operative time,

or case complexity. Most of our intraoperative complica-

tions involved baseplate implantation. We found fracture of

the glenoid can be minimized by hand reaming the glenoid

and accurate placement and orientation of the central peg

of the baseplate remains difficult. The effect of compres-

sion screws with inadequate purchase on glenoid baseplate

fixation is not known. We also found scapular notching is

common even during the first 3 months after implantation.

Determining the exact impact of these technical and

surgical complications on the final clinical result requires

additional study. Modifications in implant design and in

instrumentation may help to decrease the surgical pitfalls

and the intraoperative and postoperative complications we

observed.
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