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Abstract

Background With the increase in shoulder arthroplasty

rates, the number of perioperative complications, such as

periprosthetic fractures, continues to be a rise; however, the

risk factors and incidence of intraoperative complications,

such as fractures, during revision reverse shoulder

arthroplasty are not well established.

Questions/purposes We evaluated patients receiving a

reverse shoulder arthroplasty to determine (1) the fre-

quency and characteristics of intraoperative humerus

fractures, (2) the risk factors for fracture, (3) the compli-

cations associated with treatment of fractures, and (4)

clinical and functional outcomes after treatment.

Methods Using one institution’s total joint registry, we

performed a retrospective analysis of medical records of 224

patients (230 shoulders) who underwent revision surgery to

reverse shoulder arthroplasty, from 2005 to 2012, for failed

total shoulder arthroplasty. Reverse shoulder arthroplasty was

used when there was a deficient rotator cuff, prior instability,

or deficient glenoid bone stock. Intraoperative periprosthetic

humerus fractures occurred in 36 shoulders (16%) (36

patients). The clinical outcome analysis included 29 patients

with a minimum 2-year clinical followup (mean followup, 3.1

years; range, 2.0�6.3 years). The control group consisted of

188 patients (194 shoulders), and it was used for risk-factor

calculation; whereas only 150 patients (154 shoulders) in the

control group had a minimum 2-year followup, and thus only

150 patients (154 shoulders) made up the comparators (con-

trols) for outcome-analysis comparisons. Risk factors were

assessed using univariate analysis with odds ratios (OR),

whereas implant survival and complications were assessed

using the Kaplan-Meier method.

Results Three displaced and 33 nondisplaced fractures

occurred during revision reverse total shoulder arthroplas-

ties. Most of the fractures (81%) occurred during

component removal of cemented (n = 11) and cementless

(n = 25) components. Intraoperative fractures only were

treated with stabilization of the prosthetic stem in 28

patients, while adjunctive internal fixation was used in

eight patients. Risk of intraoperative periprosthetic frac-

tures was increased by factors including female sex (n =18

women; OR, 2.41; range, 1.11�5.68; p = 0.03); history of

instability (n = 27; OR, 2.65; range, 1.18�5.93; p = 0.02);

and prior hemiarthroplasty (n = 22; OR, 2.34; range,

1.13�4.84; p = 0.03). There were two postoperative frac-

tures in patients who had an intraoperative fracture and

both were treated nonoperatively. Overall, three (8%)

revision procedures were performed in patients with

intraoperative fractures, with 2- and 5-year survivorship

estimates of 94% and 85%, respectively, compared with

89% and 84%, respectively for patients without an intra-

operative fracture (p = 0.45). At latest followup, patients
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experienced good postoperative pain relief, improved

shoulder abduction, and good American Shoulder and

Elbow Surgeon and Simple Shoulder Test scores.

Conclusions Intraoperative humeral fractures occur in

approximately 16% of shoulders undergoing revision sur-

gery. Fractures during revision reverse TSA are not

uncommon secondary to the risks of component removal in

revision surgery and poor remaining bone stock. The risk

seems to be greatest for female patients, patients with

instability, and patients who have undergone previous

hemiarthroplasties. Intraoperative humeral fractures should

be approached in a systematic way to achieve anatomic

reduction and stable fixation. When properly stabilized,

these fractures appear not to substantially influence overall

final outcome. This study provides a foundation for future

investigation of methods to reduce the risk for intraopera-

tive humeral fractures attributable to reverse revision TSA.

Level of Evidence Level III, therapeutic study.

Introduction

There has been a steady increase in the number of total

shoulder arthroplasties (TSA) performed in the United

States, with relatively low overall complication rates [21].

Periprosthetic fractures associated with anatomic shoulder

arthroplasty are relatively uncommon, with an incidence

between 0.6% and 3% [1, 6, 8, 9, 12, 15, 18, 19, 24–26].

Although not studied as comprehensively as postoperative

fractures, the incidence, risk factors, and outcomes asso-

ciated with intraoperative periprosthetic fractures during

anatomic shoulder arthroplasty has been characterized [1,

19]. The rate of intraoperative fractures during revision

primary anatomic arthroplasty is as much as 3.3% [1].

Intraoperative periprosthetic fractures increase operative

time, alter implant choices, increase the need for bone

grafts, and may have an effect on postoperative outcomes.

The reverse shoulder arthroplasty has improved treat-

ment of patients with glenohumeral arthritis or prior failed

shoulder arthroplasty associated with rotator cuff disorders.

Although studies have shown good short- to medium-term

outcomes for reverse TSAs, there are relatively high inci-

dences of peri- and postoperative complications in the

primary setting [2, 11–14, 16, 20, 22]. Despite these case

series, no studies to our knowledge have discussed com-

plications associated with revision reverse TSA.

Specifically, little is known regarding the incidence and

outcomes associated with intraoperative periprosthetic

humerus fractures in reverse TSAs.

The purpose of our investigation was to evaluate

patients receiving a reverse TSA to determine (1) the

frequency and characteristics of intraoperative humerus

fractures, (2) the risk factors for fractures, (3) the compli-

cations associated with treatment of fractures, and (4) the

clinical and functional outcomes after treatment.

Methods

After obtaining approval from the institutional review

board, we performed a retrospective review using our

institution’s total joint registry to review the medical

records of all patients undergoing a revision surgery to

reverse shoulder arthroplasty for a failed previous anatomic

or reverse shoulder arthroplasty.

From a medical record review between 2005 and 2012,

224 patients (230 shoulders) met our inclusion criterion of

having had revision surgery to a reverse shoulder

arthroplasty. A reverse shoulder arthroplasty was per-

formed when the patient had a deficient rotator cuff,

previous instability, or deficient glenoid bone stock. Any

patient with severe humeral bone loss in whom we had

performed an allograft prosthetic composite or a proximal

humeral replacement prosthesis was excluded from the

current study. Five fellowship-trained surgeons (JWS,

RHC, JSS, BTE, SPS) were involved in the surgeries. The

average age of the 224 eligible patients was 69 years

(range, 39�89 years) and average BMI was 31 kg/m2

(range, 15�48 kg/m2), with women comprising 41% of the

patients. In addition to glenoid loosening and rotator cuff

disorders (n = 73), 27 patients (12%) underwent revision

for infection and 57% (n = 130) had a history of sublux-

ation or instability. Intraoperative periprosthetic humerus

fractures occurred in 36 (16%) shoulders (36 patients),

while 194 shoulders (188 patients) did not have a fracture.

Any patient unwilling to participate in followup through

the registry was excluded (while the total number is

unavailable, this usually is less than 1% of our registry

patients).

For the clinical analysis, we assessed the group with

intraoperative fractures (n = 36 patients total: 29 patients

with more than 2 years followup, seven patients excluded)

and compared it with the control group (n = 188 patients

total: 150 with more than 2 years followup, 38 excluded).

Of the 36 patients with shoulders with intraoperative

fractures, the postoperative clinical outcome analysis

included only 29 with an intraoperative fracture and who

had maintained a minimum 2-year clinical followup. The

mean followup was 3.1 years (range, 2�6.3 years). The

control group consisted of 150 patients (154 shoulders)

who had not experienced an intraoperative humerus frac-

ture and with a minimum of 2 years clinical followup
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(mean followup, 2.9 years). Thirty-eight of the 188 (40 of

the 194 shoulders) patients without fractures were lost to

followup and therefore excluded.

Clinical and Radiographic Outcomes

Demographic information, comorbidities, surgical indica-

tions, prior surgical details, and operative findings were

collected by a retrospective review of patients’ medical

records. The findings were used to determine risk stratifi-

cation for intraoperative periprosthetic fractures. Through

the total joint registry, patients completed questionnaires

related to those of the American Shoulder and Elbow

Surgeons and the Simple Shoulder Test during their fol-

lowup visit [17]. Results from the patients’ last clinic visit

combined with the completed questionnaires were used to

calculate their pre- and postoperative shoulder pain and

ROM. Fractures were classified by their location (greater

tuberosity, metaphysis, diaphysis) and displacement.

All authors reviewed the postoperative radiographs for

all patients who had a minimum 2-year followup (n = 29)

and came to a consensus for each item analyzed. At the last

clinical followup, radiographs were reviewed for presence

of fracture union, humeral component loosening or subsi-

dence, resorption or osteolysis, scapular notching, and

postoperative fractures. Given that the majority of fractures

were minimally displaced in the region of the greater

tuberosity or metaphysis, the fractures were difficult to see

on postoperative radiographs; therefore, the time to union

was incalculable.

Humeral periprosthetic lucency was classified as 0

(none), 1 (\ 1 mm wide, incomplete), 2 (1 mm wide,

complete), 3 (1.5 mm wide, incomplete), 4 (1.5 mm wide,

complete), or 5 (2 mm wide, complete).

Statistical Analysis

Categoric variables were assessed using the chi-square test

(or Fisher’s exact test) and unpaired t-tests were used for

continuous variables when examining pre- and postopera-

tive clinical outcomes. The Kaplan-Meier method was used

to construct survival curves and compare overall survival

between groups using the log-rank test. The odds ratio

(OR) was calculated for each subgroup compared with the

entire cohort (n = 230). Given the limited number of

fractures and postoperative intraoperative fractures and

complications among the 230 shoulders, our ability to

perform multivariate analyses was restricted; therefore,

each variable was assessed in a univariate fashion. All

analyses were done using the JMP1 statistical software

package (Version 8; SAS Institute Inc, Cary, NC, USA),

with a p value less than 0.05 considered statistically

significant.

Results

Intraoperative Humerus Fractures

The cohort with intraoperative fractures included 27

women and nine men, with an average age of 72 years

(range, 39�89 years). Average patient BMI was 31 kg/m2,

and the group included one laborer, two smokers, one

patient with diabetes mellitus, and four patients with

inflammatory arthritis. Of the 36 patients (36 shoulders), no

patient had undergone a previous reverse arthroplasty,

although 14 had prior anatomic shoulder arthroplasties and

22 had prior hemiarthroplasties. Two patients (5%) had

revision surgery for infections and 27 (75%) had prior

instability or subluxation, in addition to implant loosening.

Eleven shoulders (31%) had cemented humeral component

primary arthroplasties, and nine shoulders (25%) had a

previous proximal humerus fracture, with two of the nine

shoulders treated previously with open reduction internal

fixation (ORIF). Previous stem lengths included 32 regular

and four short stems. Only two patients had evidence of

humeral component loosening in cementless stems on

preoperative radiographs.

Intraoperative Periprosthetic Humerus Fractures

Intraoperative periprosthetic humerus fractures occurred in

36 of the 230 revision reverse shoulder arthroplasties (16%)

(Table 1). Twenty-nine (81%) of the 36 intraoperative

periprosthetic humerus fractures occurred during component

removal and seven (19%) occurred during preparation and

impaction of the humeral component. Intraoperative frac-

tures were treated with stabilization of the prosthetic stem in

28 (78%) shoulders and adjunctive internal fixation in eight

(22%) shoulders. When no adjuvant fixation was used, the

fractures were stabilized by a press-fit implant (n = 20) or a

cemented stem (n = 8). The fractures treated with adjunctive

fixation occurred in three patients with minimally displaced

greater tuberosity fractures, one combined greater and lesser

tuberosity minimally displaced fracture, two nondisplaced

metaphyseal fractures, one displaced metaphyseal fracture,

and one displaced metaphyseal fracture with extension in the

diaphysis. Suture stabilization was used for the three greater

tuberosity fractures and the combined greater and lesser

tuberosity fracture. The two nondisplaced metaphyseal

fractures were stabilized with cerclage wires alone. The two

displaced metaphyseal fractures were stabilized using a strut

allograft and cables.
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All 36 fractures were classified as Type A according to

the system described by Wright and Cofield [26]. There

were 24 regular-length stems, 10 short stems, and one long

stem used during the revision arthroplasties, with two

patients receiving longer stems and eight receiving shorter

stems than the humeral component implanted during the

index surgery. Cement was used in 14 (39%) of the revi-

sion arthroplasties complicated by intraoperative fractures,

including nine of 14 with the cement-in-cement technique.

Risk Factors for Fracture

The risk of intraoperative periprosthetic fractures was

increased by female sex (27 of 36 patients (75%); OR,

2.41; 95% CI, 1.11�5.68; p = 0.03), history of instability

(27 of 36 patients (75%); OR, 2.65; 95% CI, 1.18�5.93;

p = 0.02), and prior hemiarthroplasty (22 of 36 patients

(61%); OR, 2.34; 95% CI, 1.13�4.84; p = 0.03) (Table 2).

Previous proximal humerus fracture, previous ORIF, length

of the revision stem, presence of preoperative humeral

lucency, and use of cemented primary arthroplasties did not

appear to be associated with risk of intraoperative humerus

fracture (all p[ 0.6).

Postoperative Fractures, Revisions, Complications

Two postoperative periprosthetic fractures occurred in

patients who had intraoperative fractures, including a

nondisplaced greater tuberosity fracture in a patient with an

intraoperative tuberosity fracture at 2 years postoperatively

and a nondisplaced Type B (involving the stem) peripros-

thetic fracture in a patient with a previous intraoperative

metaphyseal fracture at 1.1 years postoperatively. Both

fractures were treated nonoperatively. Compared with the

control group (no intraoperative fractures), there was no

statistically significant difference (p = 0.13) in the inci-

dence of postoperative fractures. In the control group, two

postoperative periprosthetic fractures occurred; both were

displaced Type C periprosthetic humerus fractures, one at 4

months and the other at 10 months postoperatively; both

required ORIF with locking plates.

No patient with an intraoperative fracture underwent

revision surgery for humeral component loosening. In the

control group, one patient underwent revision surgery for

humeral component loosening at 2 years postoperatively.

The only other postoperative complication was a distal

humerus fracture in a patient with an intraoperative

nondisplaced fracture of the distal humerus.

Overall, there were three revision procedures performed

in patients with a history of intraoperative fractures. Eti-

ologies for revision surgery in patients with intraoperative

periprosthetic fractures included glenoid loosening (n = 2)

and instability (n = 1). The 2- and 5-year survivorship

estimates for patients with an intraoperative fracture were

94% (± 6) and 85% (± 11), respectively, compared with

Table 1. Intraoperative fractures, characteristics, and treatment

Factor n = 36 patients

(36 shoulders)

Location

Greater tuberosity 30

Metaphysis 3

Shaft 3

Periprosthetic fracture type

Nondisplaced 33

Displaced 3

Timing of fracture

Stem removal 29

Broaching of implant insertion 7

Implant length

Short/micro 10

Standard 25

Long 1

Fracture stabilization

Suture 4

Luque wires 2

Luque wires + bone graft 2

None 28

Use of cement in revision surgery

Cemented 14

Press-fit 22

Difficult procedure modifier 16

Table 2. Risk factors for intraoperative humerus fractures

Risk factor OR 95% CI p value

Difficult modifier 3.73 1.71�8.12 \ 0.01*

History of instability 2.65 1.18�5.93 0.02*

Female sex 2.41 1.11–5.68 0.03*

Prior hemiarthroplasty 2.34 1.13–4.84 0.03*

Inflammatory arthritis 2.57 0.75–8.84 0.13

Cemented primary 1.08 0.50–2.35 0.84

Age at surgery 1.02 0.52–1.06 0.21

Prior proximal humerus fracture 1.01 0.45–2.31 0.97

BMI 0.94 0.89–1.01 0.06

Prior ORIF 0.70 0.15�3.21 0.65

Preoperative humeral lucency 0.70 0.15–3.21 0.65

Laborer 0.53 0.03–2.88 0.51

Smoker 0.43 0.10–0.94 0.28

Revision for infection 0.40 0.09–1.76 0.22

Diabetes mellitus 0.13 0.02–1.02 0.052

* Statistically significant at p\0.05; OR = odds ratio; ORIF = open

reduction and internal fixation.
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89% (± 4) and 84% (± 6), respectively, for patients

without an intraoperative fracture (p = 0.45) (Fig. 1). The

need for fracture fixation or displacement of the fractures

did not influence the likelihood of subsequent revision

surgery (p = 0.34). Three (8%) patients with intraoperative

fractures had humeral lucency at last followup. There was

no difference in humeral lucency compared with the con-

trol group (without intraoperative fractures), with two

patients having Grade 1 or 2 lucency in the fracture group

(n = 29) compared with five patients having Grade 1 or 2

humeral lucency and one having Grade 3 lucency in the

control group (p = 0.45). No patients with an intraoperative

fracture had evidence of humeral component subsidence.

Clinical Outcomes

Of the 29 patients with more than 2 years followup, 27

experienced pain relief after revision arthroplasty, with

90% reporting moderate or severe pain preoperatively

compared with 7% postoperatively (p \ 0.001). Shoulder

abduction also improved from 47� preoperatively to 115�
postoperatively (p\0.01). Patients experienced reasonable

postoperative American Shoulder and Elbow Surgeons and

Simple Shoulder Test scores. There was no difference

between the patient groups regarding postoperative pain

levels, shoulder abduction, American Shoulder and Elbow

Surgeons, and Simple Shoulder Test scores (p [
0.35)(Table 3). The postoperative rehabilitation protocol

was not modified in any of the patients who experienced an

intraoperative fracture.

Discussion

Studies examining intraoperative complications, such as

periprosthetic fractures [2, 11, 12, 16, 20, 22–24] during

revision reverse shoulder arthroplasty have been done.

There is a relatively high frequency of early complications

associated with the procedure, partly attributable to the

technical demands of the surgery and its relatively recent

approval for use (2004) in the United States [2, 11, 16, 20,

22, 23]. Therefore, the purposes of our study were to assess

the frequency, risk factors, and early outcomes associated

with intraoperative periprosthetic humerus fractures in

patients undergoing revision reverse shoulder arthroplasty.

There were several limitations to the study. Although

our study had a relatively large cohort of patients who

underwent reverse shoulder arthroplasty, the number of

patients was much smaller than in similar studies of

periprosthetic fractures in patients having anatomic shoul-

der arthroplasty [1, 15, 19]. Furthermore, given the small

number of intraoperative fractures that involved the

metaphysis or diaphysis, it is difficult to draw conclusions

regarding the optimal fixation method across all possible

fracture types. However, given the high number of revision

surgeries performed at our institution, despite the small

cohort size, our study provides a glimpse into how to

evaluate and treat these intraoperative fractures when they

do occur. Although we were able to analyze early out-

comes, the low number of patients with relatively recent

fractures prevented us from commenting on long-term

effects of intraoperative humerus fractures.

Another limitation was that the series involved patients

from one institution, limiting our ability to generalize our

findings to other cohorts. This also introduced a referral

bias; however, it also eliminated other confounding

Table 3. Clinical outcomes

Outcome measure Rating p value

Pain (moderate or severe), n (%)

Intraoperative fracture 2 (7) 0.76

No intraoperative fracture 21 (9)

Shoulder abduction, mean (range)

Intraoperative fracture 115 (30�180) 0.71

No intraoperative fracture 119 (10�160)

ASES, mean score (range)

Intraoperative fracture 65.0 (30�98) 0.88

No intraoperative fracture 64.7 (18�98)

SST, positive response

Intraoperative fracture 6.2 (3�11) 0.35

No intraoperative fracture 5.9 (0�11)

ASES = American Shoulder and Elbow Surgeons; SST = Simple

Shoulder Test.

Fig. 1 At an average followup of 3.1 years, three of 36 patients (8%)

underwent revision surgery after sustaining an intraoperative frac-

tures. The 2- and 5-year survival rates for patients with an

intraoperative fracture (blue) were 94% (± 6%) and 85% (± 11%),

respectively, compared with 89% (± 4%) and 84% (± 6) for patients

without an intraoperative fracture (red; p = 0.45).
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variables seen when patient groups from multiple institu-

tions are involved in studies. Another limitation of our

study was that seven patients who experienced intraoper-

ative fractures were lost to followup. Therefore, our

conclusions regarding the outcomes of postoperative frac-

tures are limited to the 29 patients who had more than 2

years of clinical followup. Finally, an unknown number of

patients did not consent for study in our institution’s reg-

istry; however, traditionally this number is thought to be

less than 1% of all patients treated at our institution.

Frequency and Characteristics of Fractures

Our series of 230 consecutive reverse shoulder arthro-

plasties performed in the revision setting showed that

intraoperative humerus fractures occur in approximately

16% of procedures. In our series of revision reverse TSAs,

the frequency of intraoperative fractures was higher than

the reported frequency during revision arthroplasty with an

anatomic component [1].

The majority of the intraoperative fractures occurred

during implant removal using standard implant removal

techniques such as osteotomes or a pencil-tip burr to sep-

arate the proximal implant-bone interface. No osteotomies

were required. The majority of the fractures were isolated

to the greater tuberosity. Only eight fractures were treated

with adjunctive internal fixation, with cerclage wires used

in two of the nondisplaced metaphyseal fractures, cerclage

wires and bone graft used in the displaced metaphyseal

fracture, and strut allograft with cerclage wire fixation used

in a displaced fracture that extended into the diaphysis. In

comparison, Athwal et al. [1] examined 45 intraoperative

periprosthetic fractures in primary and revision anatomic

should arthroplasties. Nineteen of the fractures involved

the greater tuberosity, 16 involved the humeral shaft, three

involved the greater tuberosity with extension into the

humeral shaft, six were localized to the metaphysis, and

one was a greater and lesser tuberosity fracture.

Risks of Fractures

Female sex, prior instability, and patients with a prior

hemiarthroplasty were at increased risk for intraoperative

periprosthetic humerus fractures. Several studies have

identified factors associated with increased risk of

periprosthetic fractures, including osteopenia, female sex,

revision surgery, rheumatoid arthritis, overreaming or

using an oversized broach in the humeral component

preparation, humeral deformity, and soft tissue contracture

[1, 3–7, 10, 15, 26]. Furthermore, female patients were 2.5

times more likely to experience an intraoperative

periprosthetic fracture than male patients, potentially sec-

ondary to the porosity of their bones. Likewise patients

with inflammatory arthritis and those with primary hemi-

arthroplasties were more than two times more likely to

experience an intraoperative periprosthetic fracture.

Complications and Outcomes of Intraoperative

Fractures

The only postoperative periprosthetic fractures that occurred

in patients with an intraoperative fracture included a

nondisplaced greater tuberosity fracture in a patient with an

intraoperative tuberosity fracture and a nondisplaced Type B

periprosthetic fracture in a patient with a previous intraop-

erative metaphyseal fracture. The two other fractures

occurred in patients without an intraoperative fracture. No

patient underwent revision surgery for humeral component

loosening. There was no difference in early survival rates

between patients with and without intraoperative fractures.

The need for intraoperative stabilization did not influence

postoperative outcomes, similar to other studies of anatomic

shoulder arthroplasty [1, 7, 21, 26]. As all of the fractures in

our series were classified as Type A (localized to the greater

tuberosity) [26], without any extension into the humeral

diaphysis, long-stemmed implants were not needed; how-

ever, as suggested by others [1, 7, 21, 26], we recommend a

systemic approach to treating these fractures according to

the location, displacement, and bone quality.

Patients whose surgeries were complicated by intraop-

erative fractures experienced excellent pain relief and

improved shoulder ROM, with reasonable postoperative

American Shoulder and Elbow Surgeons and Constant and

Murley shoulder scores. Our series showed the relatively

high incidence of periprosthetic humerus fractures during

revision shoulder arthroplasty using a reverse prosthesis.

However, this intraoperative complication does not appear

to negatively affect early postoperative outcomes.

Although intraoperative periprosthetic fractures have

been thoroughly examined in anatomic shoulder arthro-

plasties, there is a paucity of information regarding revision

reverse shoulder arthroplasties. An important finding

involves eliciting the risks associated with these fractures,

including female sex, presence of inflammatory arthritis, and

hemiarthroplasty implant removal. Furthermore, intraoper-

ative periprosthetic fractures do not always need adjunctive

fixation and do not appear to affect postoperative outcomes

for patients. We recommend a methodic approach to fracture

evaluation and treatment based on the perceived humerus

implant stability. If needed, a long-stem implant or adjunct

fixation (plate, screws, wires) should be used if the humerus

implant stability is in question. However, in our series,

minimally or nondisplaced fractures in the region of the
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tuberosities often did not require fixation and did not seem to

have a substantial effect on postoperative outcomes. When

these fractures are approached in a systematic way to

achieve anatomic reduction and stable fixation, they do not

have a substantial effect on overall final outcome.

This study provides a foundation for future investigations

of risk reduction through modification of surgical techniques

and/or patient risk factors. Furthermore, when removing

implants, a systemic approach should be used, starting with

an implant-specific removal device and other techniques to

separate the proximal implant-bone interface, to help miti-

gate the risks of intraoperative periprosthetic fractures.
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