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Background: The objective of this study was to assess the frequency of, and risk factors for, periprosthetic fractures
during and after shoulder arthroplasty.

Methods: All adults treated with a primary total shoulder arthroplasty or humeral head replacement at the Mayo Clinic
Medical Center from 1976 to 2008 were identified. Periprosthetic fractures were validated by medical record review.
Univariate and multivariable-adjusted logistic regression analyses were used to assess the association of demographic
factors (age, sex, and body mass index [BMI]), underlying diagnosis, implant fixation (cemented or uncemented), Amer-
ican Society of Anesthesiologists (ASA) class, and comorbidity as assessed with the Deyo-Charlson index.

Results: The cohort consisted of 2207 patients treated with a total of 2588 primary total shoulder arthroplasties and 1349
patients treated with 1431 humeral head replacements. Seventy-two medical-record-confirmed periprosthetic fractures oc-
curred in association with the total shoulder arthroplasties. These consisted of forty-seven intraoperative fractures (forty
humeral fractures, five glenoid fractures, and two fractures for which the site was unclear) and twenty-five postoperative
fractures (twenty humeral fractures, three glenoid fractures, and two fractures for which the site was unclear). There were thirty-
three fractures associated with the humeral head replacements. Fifteen were intraoperative (eight humeral fractures and seven
glenoid fractures), and eighteen were postoperative (sixteen humeral fractures and two glenoid fractures). In the multivariable
regression analysis of the total shoulder arthroplasties, female sex (odds ratio [OR], 4.19; 95% confidence interval [Cl], 1.82 to
9.62; p <0.001; a 2.4% rate for women versus 0.6% for men) and the underlying diagnosis (p = 0.04; posttraumatic arthritis:
OR, 2.55; 95% Cl, 0.92 to 7.12) were associated with a significantly higher risk of intraoperative humeral fracture in general,
and female sex was associated with the risk of intraoperative humeral shaft fracture (OR, infinity; p < 0.001). In combined
analyses of all patients (treated with either total shoulder arthroplasty or humeral head replacement), a higher Deyo-Charlson
index was significantly associated with an increased risk of postoperative periprosthetic humeral shaft fracture (OR, 1.27; 95%
Cl, 1.11 to 1.45); p < 0.001), after adjusting for the type of surgery (total shoulder arthroplasty or humeral head replacement).

Conclusions: The overall risk of periprosthetic fractures after total shoulder arthroplasty or humeral head replacement
was low. Women had a significantly higher risk of intraoperative humeral shaft fracture. The underlying diagnosis (es-
pecially posttraumatic arthritis) was significantly associated with the risk of intraoperative humeral fracture, and co-
morbidity was significantly associated with the risk of postoperative humeral shaft fracture.
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eriprosthetic fracture during or following shoulder ar-

throplasty is an important but rare complication. The

frequency of periprosthetic fractures after total shoulder
arthroplasty ranges from 1.6% to 2.8%'“. In a systematic review
of forty studies of humeral head replacement or total shoulder
arthroplasty that included 3584 patients, 1.2% (range, 0% to
8%) had a perioperative periprosthetic fracture’. In studies of
more than 3000 patients who had undergone primary or revi-
sion humeral head replacement or total shoulder arthroplasty at
the Mayo Clinic, 0.6% had a postoperative humeral fracture® and
1.5% had a perioperative humeral fracture’.

While there are high-quality data on the frequency, types,
and outcomes of periprosthetic fractures after shoulder arthro-
plasty, our knowledge of its risk factors is very limited. In our
earlier univariate analyses of the same database as was used in the
present study, but with a shorter follow-up period, female sex,
press-fit humeral components, and revision surgery were sig-
nificant correlates of higher perioperative fracture rates’, while
the underlying diagnosis was not associated. Two other reviews
identified poor bone quality, female sex, advanced age, and a
history of rheumatoid arthritis as risk factors for periprosthetic
fractures®”. Periprosthetic fractures have been found to be more
common with total shoulder arthroplasty than with humeral
head replacement®. These observations were based on univariate
associations from large series of patients from a few high-volume
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centers. To our knowledge, none of the previous studies included
enough events to make it possible to control for confounders and
perform multivariable analyses.

We sought to examine the frequency and predictors of
periprosthetic fractures during and following humeral head re-
placement or total shoulder arthroplasty using thirty-three-year
data from one large-volume medical center. We examined the
hypotheses whether sex, underlying diagnosis, body mass index
(BMI), comorbidity, age, American Society of Anesthesiologists
(ASA) class, and implant fixation were associated with a greater
risk of periprosthetic fractures in patients treated with humeral
head replacement or total shoulder arthroplasty.

Materials and Methods
Data Sources and Case Identification

e performed a retrospective cohort study using the data from the Mayo

Clinic Medical Center Total Joint Registry. This registry was established in
1969 for systematic follow-up of patients after joint arthroplasty and has collected
data on every patient who underwent arthroplasty at the Mayo Clinic Medical
Center, Rochester, Minnesota, since that time'’. The registry has prospectively
captured data on every shoulder arthroplasty since the surgery was performed at
the Mayo Clinic Medical Center beginning in 1976. A clinical follow-up with a
physician recording a history and performing an examination and radiographs
made is planned for all patients at one, two, and five years after an arthroplasty and
every five years thereafter. When patients were unable to return for a follow-up visit,
we asked them to respond to a standard questionnaire'' and to provide radiographs
to us. When patients did not respond to mailed requests, they were contacted and

TABLE | Periprosthetic Shoulder Fractures Identified in the Total Joint Registry from 1976 to 2008

Total Shoulder Arthroplasty (N = 134 Humeral Head Replacement (N = 44
Fractures in 133 Patients)* Fractures in 43 Patients)t
Intraop. Postop. Total Intraop. Postop. Total
Total fractures identified from 99 35 134 21 23 44
joint registry (no.)
No fracture¥ 0 0 0 4 3 7
Confirmed fracture¥ 47 25 72 15 18 33
Glenoid fenestration¥ 52 5 57 1 2 3
Missing chart¥ 0 5 5 1 0 1
Details of confirmed fractures on 47 25 72 15 18 33
medical record review (no.)
Any humeral fracture 40 20 60 8 16 24
Glenoid fracture 5 3 8 7 2 9
Site unclear 2 2 4 0 0 0
Type of humeral fracture
Humeral shaft fracture 13 20 33 5 15 20
Proximal humeral fracture 24 0 24 3 1 4
Greater tuberosity 21 0 21 2 1 3
Humeral head and neck 3 0 3 1 0 1
Humeral metaphysis fracture 3 0 3 0 0 [¢]
*0ne patient with a total shoulder arthroplasty had a glenoid fenestration and a proximal humeral fracture intraoperatively. $One patient with a
humeral head replacement had a glenoid fracture and a proximal humeral fracture intraoperatively. FAll fractures coded in the total joint registry
were validated by examining the medical records of each patient. The four categories show the number of fractures that could or could not be
confirmed. For example, only seventy-two of the 134 fractures in the patients with total shoulder arthroplasty and thirty-three of the forty-four
fractures in the patients with humeral head replacement were confirmed by medical record review.
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interviewed on the telephone with use of a standardized questionnaire by trained
joint registry staff. Complications including fracture, infection, and additional
surgery were particularly captured with these encounters and interviews.

Our study cohort consisted of every patient who had had a primary
shoulder arthroplasty performed when they were eighteen years of age or older
at the Mayo Clinic Medical Center, Rochester, Minnesota, in a thirty-three-year
period from 1976 to 2008. The periprosthetic shoulder fractures were identified
from the total joint registry, which captures these events prospectively for all
shoulder arthroplasties. For each fracture that was identified, the lead author
(J.A.S.), a physician-epidemiologist, reviewed the medical records for confir-
mation of the occurrence of a periprosthetic fracture on the basis of a priori
criteria as follows. Documentation of a periprosthetic fracture in the surgeon’s
operative note, surgeon’s clinical follow-up note, or surgeon’s letter to the
patient was considered the “gold standard.” (In almost all cases, this infor-
mation was available in the operative procedure note and/or surgeon’s notes.)
Radiographic documentation of a periprosthetic fracture occurring either in-
traoperatively or postoperatively, in the absence of any other documentation,
was also considered evidence of a periprosthetic fracture; however, there were
no cases of radiographic evidence of a periprosthetic fracture in the absence of
surgeon’s documentation. The final designation of each fracture type was re-
viewed by the senior orthopaedic surgeon. Intraoperative and postoperative
fractures were evaluated separately, since the mechanism and outcomes often
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differ between the two types of fractures. Humeral fractures were categorized as
proximal humeral or humeral shaft fractures. Our a priori decision was to
analyze humeral fractures as a group and also focus on humeral shaft fractures.
We did not anticipate that the number of glenoid fractures or fenestrations
would be high enough to allow meaningful analyses of risk factors, but we
anticipated that some of the events captured as periprosthetic fractures in the
registry would be glenoid-related.

Predictors of Interest

Predictors of interest for the risk of periprosthetic fracture included both un-
modifiable factors, including sex, age, underlying diagnosis, and ASA class, and
modifiable factors, including BMI, comorbidities, and implant fixation. These data
were obtained from the total joint registry and other institutional electronic da-
tabases, linked to the total joint registry by the use of unique patient identifiers. Age
was categorized as sixty years of age or younger, sixty-one to seventy years of age,
and more than seventy years of age on the basis of the a priori clinical impression of
the two senior orthopaedic surgeons that these age groups might represent dif-
ferent risk levels and that it was unlikely that an increase in the risk of fracture
would be linear to allow the age at the time of treatment to be a continuous var-
iable. The underlying diagnosis was categorized as osteoarthritis, trauma-related,
rheumatoid arthritis or another inflammatory arthritis, and other diagnoses. The
trauma category included acute-trauma-related fractures or dislocations and

TABLE Il Factors Associated with Intraoperative Humeral Fractures (N = 40) During Total Shoulder Arthroplasty

Univariate Logistic Multivariable Logistic
Regression Analysis Regression Analysis
Intraop. No Intraop. Odds Ratio 0Odds Ratio
Humeral Humeral (95% Confidence (95% Confidence
Fracture* Fracture* Interval) P Valuet Interval) P Valuet
Age at surgery¥ (yr) 68 + 10 66 + 23 1.27 (0.93, 1.72) 0.13
BMI§# (kg/m?) 30+7 30+6 1.01 (0.96, 1.07) 0.61
Deyo-Charlson index§ 0.6+0.8 0.8+1.4 0.92(0.70, 1.20) 0.52
Sex
Male (n = 1236) 7 (0.6%) 1229 (99.4%) 1.0 (ref) 1.0 (ref)
Female (n = 1352) 33 (2.4%) 1319 (97.6%) 4.39 (1.94, 9.97) <0.001 4.19 (1.82,9.62) <0.001
ASA class**
1or2(n=1236) 30 (2.4%) 1206 (97.6%) 1.0 (ref) NA**
3or4(n=780) 9 (1.2%) 771 (98.8%) 0.47 (0.22, 0.99) 0.048
Implant fixation
No cement (n = 103) 0 (0%) 103 (100%) 1.0 (ref) 1.0 (ref) 0.10
Cement (n = 2485) 40 (1.6%) 2445 (98.4%) o 0.07 00
Underlying diagnosis 0.08 0.04
Rheumatoid/inflammatory 7 (1.6%) 445 (98.4%) 1.0 (ref) 1.0 (ref)
arthritis (n = 452)
Acute trauma (n = 40) 0 (0%) 40 (100%) 0 0
Posttraumatic arthritis 11 (3.3%) 323 (96.7%) 2.17 (0.83, 5.65) 2.55(0.92, 7.12)
(n=334)
Osteoarthritis (n = 1640) 19 (1.2%) 1621 (98.8%) 0.75(0.31, 1.78) 0.79 (0.31, 2.03)
Othertt (n = 122) 3 (2.5%) 119 (97.5%) 1.60 (0.41, 6.29) 2.07 (0.50, 8.60)
*The values are given as the number (percent) of patients, except those for continuous variables (age, BMI, and Deyo-Charlson index), which are
given as the mean and standard deviation. tSignificant p values are in bold. ¥The odds ratios are for an increase in age by ten years. §The odds
ratios are for each unit change. #The BMI was available from 9/1/87 to the time of the study. **The ASA class was available from 11/1/88 to the
time of the study. Since it was missing in 22% (563) of the 2588 cases, it was not included in the multivariable model to avoid further bias. NA =
not applicable. tfIncludes osteonecrosis, ankylosing spondylitis, psoriatic arthritis, gout, Charcot arthropathy, dislocation, old injury, and a
history of septic arthritis.
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posttraumatic arthritis as a sequela of an old injury; none of these trauma cases
were classified as osteoarthritis. The ASA classification, a validated measure of
perioperative mortality and immediate postoperative morbidityu'lS, was catego-
rized as class 1 or 2 compared with class 3 or 47 BMI (kg/m?) was treated as a
continuous variable. Comorbidity was measured with use of a validated comor-
bidity measure, the Deyo-Charlson index'*. This is the most commonly used
comorbidity measure, and it consists of a weighted scale of seventeen comorbidities
(including cardiac, pulmonary, renal, and hepatic disease; diabetes; cancer; HIV;
and others), expressed as a summative score "', A higher score indicates a greater
number of disease conditions, and a score of zero indicates an absence of these
disease conditions. Implant fixation was categorized as cemented or uncemented.

Statistical Analyses

Summary statistics for the frequency of intraoperative and postoperative peri-
prosthetic fractures are reported as the mean and standard deviation and as
proportions. Variables of interest assessed for their associations with both in-
traoperative and postoperative fractures included age, sex, BMI, the Deyo-
Charlson index as the comorbidity measure, ASA class, implant fixation, and the
underlying diagnosis.

For intraoperative humeral fractures during total shoulder arthroplasty,
we performed univariate and multivariable logistic regression analyses. Only
variables that were associated with intraoperative humeral fracture at p < 0.10
in the univariate analysis and for which data were available for most cases were
considered for entry into the multivariable model. Inclusion of only significant
factors was done to avoid overfitting the models, given that the number of
events was forty. Since the ASA class was missing in 22% (563) of the 2588 cases,
it was not included in the multivariable model, as its inclusion would likely have
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led to potential bias due to exclusion of 563 cases. For the subgroup of intra-
operative humeral shaft fracture, we performed only univariate logistic re-
gression analysis because of the small number of fractures.

The univariate analyses of postoperative humeral shaft fractures, a subset
of all postoperative humeral fractures, were assessed with use of Cox regression.
We assessed each univariate model by including one variable of interest for
predicting postoperative humeral shaft fracture and adjusting for the type of
surgery (total shoulder arthroplasty versus humeral head replacement). A mul-
tivariable model included as potential predictors those variables with a univariate
significance of p < 0.10. The resulting multivariable model included a single
predictor and therefore is not described further.

For the multivariable models, we anticipated a potential issue of collin-
earity between variables and set an a priori rule to exclude variables with corre-
lation coefficients of 0.50 or higher. The correlation coefficients were as follows:
Deyo-Charlson index and ASA class, 0.27; ASA class and age, 0.24; and Deyo-
Charlson index and age, 0.03. Therefore, these variables were considered for
inclusion in the multivariable models on the basis of significance in the univariate
models. The hazard ratio and 95% confidence interval are reported. The alpha
level was set at 0.05 for significance.

Kaplan-Meier survival analysis was used to obtain postoperative fracture-
free survival estimates (with 95% confidence intervals) at five, ten, and twenty
years after shoulder arthroplasty.

Source of Funding

The funding agencies (National Institutes of Health and Veterans Adminis-
tration) did not play any role in protocol development, analysis, manuscript
preparation, or the decision to submit the article for publication.

TABLE Ill Factors Associated with Intraoperative Humeral Shaft Fractures (N = 13) During Total Shoulder Arthroplasty as Demonstrated

by Univariate Analysis

Intraop. Humeral No Intraop. Odds Ratio (95%
Fracture* Humeral Fracture* Confidence Interval) P Value
Age at surgeryt (yr) 69 +8 66 + 12 1.03 (0.98, 1.09) 0.29
BMI¥8§ (kg/m?) 32+9 30+6 1.07 (0.99, 1.15) 0.10
Deyo-Charlson index¥ 0.5+0.8 0.8+1.4 0.78 (0.42, 1.45) 0.43
Sex
Male (n = 1236) 0 1236 (100%) 1.0 (ref) <0.001
Female (n = 1352) 13 (1.0%) 1339 (99.0%) 0
ASA class#
1or2(n=1236) 9 (0.7%) 1227 (99.3%) 1.0 (ref)
3or4(n=780) 4 (0.5%) 776 (99.5%) 0.70 (0.22, 2.29) 0.56
Implant fixation
No cement (n = 103) 0 103 (100%) 1.0 (ref) 0.30
Cement (n = 2485) 13 (0.5%) 2472 (99.5%) 0
Underlying diagnosis 0.96
Rheumatoid/inflammatory 2 (0.4%) 450 (99.6%) 1.0 (ref)
arthritis (n = 452)
Acute trauma (n = 40) 0 (0%) 40 (100%) 0
Posttraumatic arthritis (n = 334) 1 (0.3%) 333 (99.7%) 0.68 (0.06, 7.48)
Osteoarthritis (n = 1640) 9 (0.5%) 1631 (99.5%) 1.24 (0.27,5.77)
Other** (n = 122) 1 (0.8%) 121 (99.2%) 1.86 (0.17, 20.68)
*The values are given as the number (percent) of patients, except those for continuous variables (age, BMI, and Deyo-Charlson index), which are
given as the mean and standard deviation. TThe odds ratio is for an increase in age by ten years. ¥The odds ratio is for each unit change. §The BMI
was available from 9/1/87 to the time of the study. #The ASA class was available from 11/1/88 to the time of the study. **Includes oste-
onecrosis, ankylosing spondylitis, psoriatic arthritis, gout, Charcot arthropathy, dislocation, old injury, and a history of septic arthritis.
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TABLE IV Factors Associated with Postoperative Humeral Shaft Fractures (N = 35) After Total Shoulder Arthroplasty or Humeral

Head Replacement*

Univariate Cox Regressiont
No. of Postop. Humeral Hazard Ratio (95%
Shaft Fractures Confidence Interval) P Value
Age at surgery, per 10-yr increase 35 1.28 (0.93, 1.75) 0.13
BMI¥ 23 0.96 (0.86, 1.06) 0.38
Deyo-Charlson index, per 1-unit change 35 1.27 (1.11, 1.45) <0.001
Sex
Female (n = 2250) 23 1.43(0.71, 2.86) 0.32
Male (n = 1769) 12 1.0 (ref)
ASA class§
lor2(n=1725) 11 1.0 (ref)
3or4(n=1279) 9 1.25(0.51, 3.04) 0.63
Implant fixation
No cement (n = 677) 4 1.0 (ref)
Cement (n = 3342) 31 0.64 (0.30, 1.35) 0.24
Underlying diagnosis 0.48
Rheumatoid/inflammatory arthritis (n = 685) 6 1.0 (ref)
Acute trauma (n = 305) 2 0.81 (0.16, 4.03) 0.80
Posttraumatic arthritis (n = 562) 7 1.66 (0.56, 4.93) 0.36
Osteoarthritis (n = 1988) 14 1.22 (0.46, 3.21) 0.69
Other# (n = 479) 6 2.07 (0.68, 6.30) 0.20
Type of surgery**
Humeral head replacement (n = 1431) 15 1.0 (ref)
Total shoulder arthroplasty (n = 2588) 20 0.76 (0.38, 1.49) 0.42
*Each variable was adjusted for the type of surgery (total shoulder arthroplasty versus humeral head replacement). TAIl models included the type
of surgery (total shoulder arthroplasty versus humeral head replacement) as a predictor in addition to the variable listed in the table. $The BMI was
available from 9/1/87 to the time of the study. §The ASA class was available from 11/1/88 to the time of the study; therefore the total number of
fractures is less than thirty-five. #Includes osteonecrosis, ankylosing spondylitis, psoriatic arthritis, gout, Charcot arthropathy, dislocation, old
injury, and a history of septic arthritis. **This model included only the type of surgery as a predictor.

Results
Study Population Characteristics

he total shoulder arthroplasty cohort included 2207 pa-

tients with a total of 2588 primary shoulder arthroplasties
performed between 1976 and 2008. The mean duration of
follow-up was seven years (range, one day to thirty-one years)
after the total shoulder arthroplasties. The mean age was sixty-
five years (median, sixty-seven years); 53% were women, 63%
had an underlying diagnosis of osteoarthritis, and 61% had
an ASA class of 1 or 2 (see Appendix). Of the 2588 total
shoulder arthroplasties, 96% (2485) were done with cemented
implant(s); in one arthroplasty only the humeral component
was cemented, and in five only the glenoid component was
cemented.

The humeral head replacement cohort included 1349
patients with a total of 1431 shoulder arthroplasties, followed
for a mean of eight years (range, one day to thirty-two years).
The mean age was sixty-three years (range, eighteen to ninety-
seven years; median, sixty-six years); 63% were women, 24%

had an underlying diagnosis of osteoarthritis, and 49% had an
ASA class of 1 or 2 (see Appendix).

The follow-up duration for the majority (98%) of the
cohort (total shoulder arthroplasties and humeral head re-
placements combined) without any periprosthetic fracture of
the cohort was adequate (two years or longer): it was more than
two years for 78% (3150), one to two years for 6% (231), and
less than one year for 16% (638).

Frequency of Periprosthetic Fractures

A total of 134 periprosthetic fractures were identified in asso-
ciation with total shoulder arthroplasty, and medical charts
were missing for five patients. Of the remaining 129, only
seventy-two were confirmed as fractures on medical record
review (a 54% confirmation rate) since fifty-seven were glenoid
fenestrations and not fractures (Table I). Of the forty-seven
medical-record-confirmed intraoperative fractures, forty were
humeral fractures (thirteen humeral shaft, twenty-one greater
tuberosity, three humeral metaphysis, and three humeral head
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and neck fractures), five were glenoid fractures, and two frac-
tures were at unknown sites in the shoulder. Of the twenty-five
confirmed postoperative fractures, twenty were humeral frac-
tures (all involving the humeral shaft), three were glenoid
fractures, and two were at unknown sites. Glenoid fenestrations
were not analyzed.

Of the forty-four periprosthetic fractures identified in
patients with humeral head replacement, only thirty-three
could be confirmed by medical record review (a 75% confir-
mation rate) since medical records were not available for the
dates of interest for one, seven patients had no fracture, and
three had glenoid fenestration only (Table I). Of the fifteen
medical-record-confirmed intraoperative fractures, eight were
humeral fractures (five involved the humeral shaft; two, the
greater tuberosity; and one, the humeral head and neck) and
seven were glenoid fractures. Of the eighteen medical-record-
confirmed postoperative fractures, sixteen were humeral frac-
tures (fifteen were of the humeral shaft and one involved the
greater tuberosity) and two were glenoid fractures.

Of all twenty-four proximal humeral fractures associated
with total shoulder arthroplasty, seven were minimally dis-
placed greater tuberosity fractures, which were repaired with
sutures with no additional complications. One patient had a

Overall
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nondisplaced fracture in the back wall of the proximal portion
of the humerus, which was repaired with a Steinmann pin
without any complications. Two patients had a fracture that
required reduction and use of sutures; one of them had a
fracture of the posterior aspect of the greater tuberosity and the
other had a fracture of both the lesser tuberosity and the greater
tuberosity. One patient had a fracture of the anterior-inferior
quadrant of the proximal part of the humerus that required
bone graft and sutures. One patient had avulsion of the external
rotators with a flake of bone intraoperatively, during trial im-
plant placement, and this required repair of the external rota-
tors to the bone with four interrupted sutures. The remaining
twelve patients had a nondisplaced fracture of the greater tu-
berosity, without any additional intervention. None of the
twenty-four patients had any additional complications or re-
quired additional surgery.

Similarly, no additional intervention or surgery was re-
quired for any of the four proximal humeral fractures in the
patients with a humeral head replacement. Three patients had
an intraoperative fracture: one of them had an undisplaced
greater tuberosity fracture, one had a posterior-inferior meta-
physeal fracture, and one had a metaphyseal fracture without
capsulotendinous tissue. All were managed conservatively. One

Survival free of Periprosthetic Fracture - TSA
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1 |

% free of periprosthetic fracture
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Fig. 1

T T 1
10 15 20
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Survival curve showing the percentage of patients free of periprosthetic fracture after total shoulder arthroplasty (TSA). The x axis represents the number of
years since the total shoulder arthroplasty, and the y axis shows the percentage of patients without periprosthetic fracture.
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patient had a postoperative fracture of the proximal part of the
humerus beneath and extending into the humeral head re-
placement twenty-three years after the humeral head replace-
ment. Callus formation was noted at the time of presentation,
and the fracture was managed without surgery.

Risk and Predictors of Intraoperative Periprosthetic
Fractures During Total Shoulder Arthroplasty

There were forty intraoperative humeral fractures in the pa-
tients treated with total shoulder arthroplasty. Thirteen of them
involved the humeral shaft; twenty-one, the greater tuberosity;
three, the humeral head and neck; and three, the humeral
metaphysis. In the univariate analyses, female sex and an ASA
class of 3 or 4 were each significantly associated (p values of
<0.05) with higher odds of intraoperative humeral fracture
during total shoulder arthroplasty (Table II); cemented implant
fixation (p = 0.07) and the underlying diagnosis (p = 0.08) had
a nonsignificant association. In a multivariable analysis that
included these variables (with a p value of <0.10), female sex
remained significantly associated with a higher risk of intra-
operative humeral fracture, the underlying diagnosis was now
significantly associated with a higher risk (with the highest risk
in patients with posttraumatic arthritis and no fractures in

PERIPROSTHETIC FRACTURES WITH PRIMARY TOTAL SHOULDER
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patients with acute trauma), and cement status was no longer
associated (Table II).

A subgroup of these intraoperative humeral fractures
were humeral shaft fractures (n = 13), which were analyzed
separately with univariate logistic regression analyses as well.
All intraoperative humeral shaft fractures occurred in women
(Table III). A higher BMI showed a nonsignificant association
with intraoperative humeral shaft fracture (p = 0.10). The
underlying diagnosis was not significantly associated.

Survivorship Analyses of Postoperative Humeral
Periprosthetic Fractures

There were twenty postoperative humeral fractures after total
shoulder arthroplasty and sixteen postoperative humeral
fractures after humeral head replacement. The patients with a
total shoulder arthroplasty had a humeral-fracture-free sur-
vival rate (and 95% confidence interval) of 99.5% (99.2, 99.8)
at five years, 98.9% (98.4, 99.5) at ten years, and 97.1% (95.2,
99.1) at twenty years (Fig. 1).

For the patients with humeral head replacement, the
humeral-fracture-free survival rage (and 95% confidence in-
terval) was 99.2% (98.6, 99.7) at five years, 98.6% (97.9, 99.4)
at ten years, and 97.8% (96.4, 99.3) at twenty years (Fig. 2).
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Fig. 2

Survival curve showing the percentage of patients free of periprosthetic fracture after humeral head replacement (HHR). The x axis represents the number of
years since the humeral head replacement, and the y axis shows the percentage of patients without periprosthetic fracture.
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Fracture-free survival at five, ten, and twenty years according to
clinical characteristics in the total shoulder arthroplasty and
humeral head replacement cohorts is shown in the Appendix.

Predictors of Postoperative Humeral Shaft

Periprosthetic Fractures

Multivariable analyses were performed for thirty-five postoper-
ative humeral shaft fractures by combining them across the total
shoulder arthroplasty and humeral head replacement groups.
(All twenty postoperative humeral fractures after total shoulder
arthroplasty were humeral shaft fractures, and fifteen of the
sixteen postoperative humeral fractures after humeral head re-
placement were humeral shaft fractures). A higher Deyo-
Charlson index was significantly associated with an increased risk
of postoperative periprosthetic humeral shaft fracture (hazard
ratio, 1.27 per unit increase in score; 95% confidence interval,
1.11 to 1.45; p < 0.001) (Table IV). Older age showed a non-
significant association with postoperative humeral shaft fracture
(p = 0.13). Diagnosis was not significantly associated with the risk
of postoperative periprosthetic humeral shaft fracture.

Discussion

e studied more than 2500 primary total shoulder ar-

throplasties and 1400 humeral head replacements per-
formed over a thirty-three-year period at a single institution with
a mean of seven years of follow-up. The rate of intraoperative
humeral fractures was 1.2% (forty-eight of 4019) and the rate of
postoperative humeral fractures was 0.9% (thirty-six of 4019).
There were very few glenoid fractures (0.4% [seventeen of 4019]
overall; 0.3% [twelve] intraoperative and 0.1% [five] postoper-
ative). Female sex and the underlying diagnosis were signifi-
cantly associated with a higher odds of intraoperative humeral
fractures during total shoulder arthroplasty. Female sex was
significantly associated with a higher odds of intraoperative
humeral fracture during total shoulder arthroplasty, with 2.4%
of women versus 0.6% of men having an intraoperative humeral
fracture. We also found that greater comorbidity (a higher Deyo-
Charlson index) was associated with a significantly increased risk
of postoperative periprosthetic humeral shaft fractures after total
shoulder arthroplasty and humeral head replacement. For ex-
ample, a hazard ratio of 1.27 of postoperative humeral fracture
for a 1-unit increase in the Deyo-Charlson index would be in-
terpreted as a patient with dementia having a 27% higher hazard
of postoperative humeral fracture compared with a patient
without dementia.

The strengths of this study are its large sample size and
the long duration of prospective follow-up of all patients in-
cluded in an institutional registry. A particular strength of this
study is the confirmation of fracture occurrence, the time of its
occurrence (intraoperatively or postoperatively), and the con-
firmation of each fracture by a review of medical records. It was
reassuring that we could confirm 96% of all periprosthetic
fractures recorded in the total joint registry.

This study has several limitations. The data are from a
single institution and, therefore, generalizability to other co-
horts may be limited; however, this cohort appears to be rep-
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resentative of patients undergoing shoulder arthroplasty.
Replication of these findings in other cohorts will strengthen
their validity. Even with a large sample over a thirty-three-year
period, in several instances the number of postoperative frac-
tures was not adequate to perform multivariable-adjusted
analyses. This problem is most likely related to the rarity of
this complication. Another limitation is that several patients
were lost to follow-up, and the results may be generalizable
only to patients who continue to be followed for years after
their shoulder replacement. We may have underestimated the
number of postoperative fractures, since some patients were
lost to follow-up. Another reason for underestimation may be
related to an intermediate follow-up duration of seven years in
this study. A longer follow-up will likely demonstrate a higher
frequency of fractures. The two factors most likely contributing
to a median follow-up duration that was lower than expected
are a higher annual arthroplasty volume in the latter years and
loss to follow-up despite systematic follow-up. Very few total
shoulder arthroplasties were performed with uncemented im-
plants (4% versus 40% of the humeral head replacements),
which likely led to unstable estimates; however, cement status
was not associated with the risk of intraoperative fractures. We
did not extract the exact time of fracture for the intraoperative
fractures; if we had, it may have provided us with information
to potentially prevent them in the future. Nevertheless, the
clinical relevance of many of the intraoperative fractures was
minimal. Loss to follow-up was likely minimized by active pro-
spective data collection with clinical follow-up supplemented by
data collection by the registry staff contacting every patient (by
mail and/or telephone) with a shoulder arthroplasty who failed
to return for a follow-up visit.

The intraoperative fracture rate in our study was similar
to the prevalences in two previously published series, with
shorter time periods of observation, from our institution. In
those studies, 1.2% of all primary shoulder arthroplasties
performed from 1980 to 2002” and 1.4% of those done with
a cemented all-polyethylene glenoid component from 1990
to 2000* were associated with an intraoperative fracture. The
postoperative humeral fracture rate (0.9%) in our study is
comparable with rates reported in other studies (range, 1.6% to
2.4%)"**" and in a systematic review of forty studies (1.2%)
with a total of 3584 patients’. In a previous study from our
institution, the use of a press-fit humeral component was as-
sociated with a borderline significantly increased risk of in-
traoperative humeral fracture (p = 0.046) in a cohort treated
with total shoulder arthroplasty, humeral head replacement, or
revision shoulder arthroplasty from 1980 to 2002’ In our study
of a cohort consisting of only primary total shoulder arthro-
plasties and humeral head replacements, done from 1976 to
2008, cement status was not a significant factor in either the
univariate (p = 0.07) or the multivariable analyses (p = 0.10);
this was consistent with differences between the two cohorts.
An important observation in our study was that most of the
intraoperative fractures did not require special treatment and
therefore did not substantially impact postoperative manage-
ment and outcomes.
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Female sex and the underlying diagnosis (especially
posttraumatic arthritis) were significantly associated with four-
times and two-times higher odds of intraoperative humeral
fracture during total shoulder arthroplasty, respectively. This
finding is consistent with our previous study’s finding of a
significantly increased risk of intraoperative humeral fractures
in women treated from 1980 to 2002 with total shoulder ar-
throplasty, humeral head replacement, or revision shoulder
arthroplasty’. There are several potential explanations for this
increased risk in women, including the fact that they have a
higher prevalence of osteoporosis and rheumatoid arthritis,
both of which are risk factors for periprosthetic fractures'".
Similarly, we also found that female sex was associated with a
higher risk of intraoperative humeral shaft fractures, a subset of
all humeral fractures. Additional studies should be performed
to investigate whether any modifiable risk factor in women can
be identified for targeted interventions to reduce the fracture
risk. Our finding of an association of the underlying diagnosis
with a higher risk of intraoperative humeral fracture during
total shoulder arthroplasty adds to the literature and seems to
be related to a higher risk in those with posttraumatic arthritis.
We found that increasing comorbidity was associated with an
increased risk of postoperative humeral shaft fracture after total
shoulder arthroplasty and humeral head replacement. This
finding is not surprising since higher comorbidity indicates
more frailty and use of multiple pharmaceutical agents, both of
which may be associated with a higher risk of falls and frac-
tures™*. A small sample size prevented us from examining
individual comorbidities (diabetes, heart disease, etc.) as risk
factors.

In summary, we found a low rate of intraoperative and
postoperative periprosthetic humeral fractures. Most intra-
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operative fractures were clinically irrelevant and did not require
substantial postoperative management. Female sex and un-
derlying diagnosis were significantly associated with a higher
risk of intraoperative fractures, and comorbidity was signifi-
cantly associated with a higher risk of postoperative fractures.
Intraoperative fracture prevention may be more realistic than
postoperative fracture prevention, although modifiable factors
for both should be examined for targeted interventions in the
future.

Appendix
@ Tables showing the clinical and demographic character-
istics of the study population and the univariate risk
factors for postoperative periprosthetic fractures after humeral
head replacement and total shoulder arthroplasty as well as
figures showing survival curves by sex and age group are avail-
able with the online version of this article as a data supplement
at jbjs.org. ®
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