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ARTICLE INFO Background: The incidence of shoulder arthroplasty in the United States continues to increase, and while

the risk of intraoperative complications such as fracture remains relatively low, there has been little
Keywords: investigation into whether certain patient-specific risk factors predispose to this complication. This study
Total shoulder arthroplasty characterizes the incidence of intraoperative fracture during shoulder arthroplasty and additionally hy-
reverse shoulder arthroplasty pothesizes that certain risk factors may exist in addition to potentially leading to worsened near-term
intra-operative complications outcomes.

intra-operative fracture
risk factors
90-day readmission

Methods: An institutional database of shoulder arthroplasties (N = 1773; 994 anatomic, 779 reverse)
was retrospectively reviewed, and the operative reports for each case were examined for documentation
of an intraoperative fracture, including during which surgical step the fracture took place. Various
Level of evidence: Level IIl; Retrospective preoperative and intraoperative factors were tested for comparative significance (P < .05) using chi-
Case-Control Design; Prognosis Study square and Kruskal-Wallis tests as appropriate. Length of stay, 90-day readmission, and discharge to
rehabilitation or skilled nursing facility (SNF) were further examined as secondary outcomes.
Results: Twenty-one (1.2%) intraoperative fractures were documented, a majority of which occurred in
reverse shoulder arthroplasties compared to anatomic procedures (overall incidence: 2.5% vs. 0.2%,
P <.001). These most commonly occurred during either stem broaching (33%) or seating (33%) and were
most likely to involve the metaphysis (53%) or greater tuberosity (33%). Five fractures occurred during
revision arthroplasty, while 16 fractures occurred during primary procedures (overall incidence: 3.0 vs.
1.0%, P = .03). Patient factors reaching statistical significance included female gender and liver disease,
while age and smoking history were notably not associated with intraoperative fracture. The fracture
cohort had a significantly longer mean length of stay (2.42 vs. 2.17 days, P < .001). While the rates of 90-day
readmission and discharge to SNF/rehab were higher in the fracture cohort, these values did not reach
statistical significance.
Conclusion: Intraoperative fractures are a rare complication (1.2%) in shoulder arthroplasty, with
reverse shoulder arthroplasty, revision cases, and female gender associated with an elevated overall risk.
While these patients had a longer inpatient hospitalization, the substantially higher rates of 90-day
readmission and discharge to SNF/rehab did not reach significance in our limited institutional cohort.
The aforementioned incidence and risk factors serve as crucial evidence for use during the preoperative
counseling process with patients as part of a shared decision-making model.

© 2021 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
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The incidence of shoulder arthroplasty worldwide has increased intraoperative complications such as neurovascular injury or
substantially in recent years.">!° Despite this increase, rates of intraoperative fracture have fortunately remained relatively low,
with the literature reporting rates ranging from 0.6% to 3% for

intraoperative fracture specifically.*”'®?6 A variety of patient fac-
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Factors associated with some postoperative complications may
also be implicated in intraoperative fractures. Bohsali et al, 2017,
found that patient age > 70 years and female sex are risk factors for
glenoid component failure after reverse shoulder arthroplasty.’
Other studies have found an association between specific
Charleston Comorbidity Index variables and higher postoperative
complication rates after shoulder arthroplasty, similar to previously
described factors such as body mass index (BMI) and tobacco
use.'%?122 Consensus regarding the effect of these variables on risk
of postoperative complication has not yet been reached, however,
as other studies have failed to find an association between patient
factors such as BMI, medical comorbidities, tobacco use, and certain
demographic factors.'®!” Despite this lack of consensus, these var-
iables outlined in the literature may form a starting point for
investigation of risk factors for intraoperative adverse events given
their possible association with postoperative complications.

When considering intraoperative complications specifically,
there are even less published data examining whether patient-
specific risk factors exist, likely given their relative scarcity and
that a very large cohort size would be needed to adequately power
studies. Using the National Joint Registry of England, Wales, and
Northern Ireland, comprised of 12,559 primary shoulder arthro-
plasties, Cowling et al found the incidence of all intraoperative
complications to be 2.5%, the most frequent of which was intra-
operative fracture at 1.6%."> Several risk factors notably reached
significance for their association with intraoperative fracture,
including age greater than 85 years, female gender, avascular ne-
crosis, and trauma. A lower risk of complication was found when
using a superior approach relative to a deltopectoral approach and
also when using a resurfacing construct instead of stemmed pros-
theses such as total shoulder arthroplasty, reverse shoulder
arthroplasty, or hemiarthroplasty. This study was the first of its
kind to examine the effect of surgical approach on intraoperative
complication rates, in addition to examining many of the risk fac-
tors noted previously that are frequently associated with post-
operative complications. Their findings present an opportunity to
define additional patient-specific variables that may assist sur-
geons and patients alike during the preoperative counseling pro-
cess regarding their individualized risk for intraoperative
complications such as fracture.

The present study aimed to characterize the baseline incidence
of intraoperative fracture as documented in operative reports in a
very large institutional patient population, including the most
commonly involved surgical steps, and hypothesized that certain
risk factors may have an association with intraoperative fracture, an
adverse event which may also contribute to worsened near-term
outcomes.

Materials and methods
Patient selection

Data of all patients aged 18 years and older who underwent
primary or revision anatomic or reverse shoulder arthroplasty at a
large health system between June 2013 and May 2019 were
compiled into an institutional database (N = 1773; 994 anatomic,
779 reverse). This database was compiled by querying for the
appropriate Current Procedural Terminology (CPT) codes. Each case
included in the database was treated by 10 fellowship-trained sur-
geons at a tertiary referral center, all of whom used a deltopectoral
approach and multiple implants/systems. Hemiarthroplasty cases
were excluded from this database because of their progressively
decreasing utilization as a result of narrowing indications. The
database was retrospectively reviewed for the presence of intra-
operative fracture via inspection of operative notes, and both the
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Table 1
Indication for surgery, fracture location, and step during which intraoperative
fracture occurred.

Frequency
Indication
Rotator cuff arthropathy 10 (47.6%)
Pain or complication from prior arthroplasty 5(23.8%)
Glenohumeral arthritis or AVN 5(23.8%)
Proximal humerus fracture 1 (4.8%)
Location
Greater tuberosity 7 (33.3%)
Metaphyseal 8 (38.1%)
Diaphyseal 6 (28.5%)
Operative step
Exposure 2 (9.5%)
Baseplate preparation 1 (4.8%)
Removal of prior stem 2 (9.5%)
Reaming 2 (9.5%)
Broaching 7 (33.3%)
Seating 7 (33.3%)

AVN, avascular necrosis.

step during which the fracture occurred as well as the stem type
(metaphyseal vs. diaphyseal) were recorded. Stems were grouped
based on the region of the humerus used for primary fixation. We
defined the stem as diaphyseal if the stem engaged with the
diaphysis with an ingrowth surface and depends on cortical contact.
Metaphyseal stems relied on metaphyseal bone for primary fixation
with the ingrowth surface engaging the proximal humerus. Meta-
physeal stems in this study were short stems, while diaphyseal
stems were long stems. Stemless implants were included in this
study. Each case included in the fracture cohort had the fracture
confirmed by inspection of intraoperative and/or postoperative ra-
diographs. Institutional review board approval was obtained before
collecting any patient-related information.

Data variables

Sociodemographic and comorbidity data were pulled in an
automated fashion from the electronic medical record in a retro-
spective manner. Patient demographics included age, gender, and
BMI. Additional relevant preoperative and intraoperative factors
collected included laterality, American Society of Anesthesiologists
(ASA) class, duration of surgery, partner status, smoking status, and
the presence of certain relevant Elixhauser comorbidities: chronic
anemia, rheumatoid arthritis, congestive heart failure, chronic
obstructive pulmonary disease, diabetes, hypothyroidism, liver
disease, renal failure, and electrolyte disorder. Bone density was not
routinely collected during the study period and, when available,
was often found to be out of date; as a result, this variable was not
included in this study. Length of stay, 90-day readmission, and
discharge to rehabilitation or skilled nursing facility (SNF) were
examined as secondary outcomes. Fractures were characterized on
postoperative radiographs as either metaphyseal or diaphyseal in
location.

Statistical analysis

Data for continuous variables were presented as means with
standard deviations. Statistical significance was calculated using
the Kruskal-Wallis test for these variables. Data for categorical
variables were presented with counts and percentages. The
threshold for statistical significance was set at a P value of 0.05 for
all tests. A power analysis was deferred in this setting given the
very low overall incidence of intraoperative fractures, which would



CM. Wixted, D.E. Goltz, ].R. Wickman et al.

JSES International 5 (2021) 1021-1026

Table 2
Patient demographics, intraoperative factors, and Elixhauser comorbidities.

Variable Fracture cohort (N = 21) Non fracture cohort (N = 1752) P value
Age 72.09 68.62 .94
BMI 31.90 3035 .65
ASA 2.86 2.64 45
Gender (female) 17 (81%) 985 (56.2%) .02
Surgery (reverse) 19 (90.5%) 760 (43.4%) <.001*
Surgery (revision) 5(23.8%) 167 (9.5%) .03*
Laterality (right) 8 (38.1%) 965 (55.1%) 12
Partner status (no partner) 9 (42.9%) 585 (33.4%) 36
Smoker (yes) 9 (42.9%) 884 (50.5%) 49
Chronic anemia 1 (4.8%) 175 (10%) 43
Rheumatoid arthritis 2 (9.5%) 160 (9.1%) .95
CHF 2 (9.5%) 85 (4.9%) 32
COPD 2 (9.5%) 337 (19.2%) .26
Diabetes 4(19%) 253 (14.4%) .55
Hypothyroidism 4 (19%) 251 (14.3%) 54
Liver disease 2(9.5%) 44 (2.5%) 04+
Renal failure 2(9.5%) 157 (9%) .93
Electrolyte disorder 3(14.3%) 99 (5.7%) .09

BMI, body mass index; ASA, American Society of Anesthesiologists; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease.
Continuous variables are reported as means. Categorical variables are reported as counts and percentages. Bolded values indicate risk factors that reached statistical

significance.
P < .05.

require a prohibitively large cohort to adequately power differences
in the incidence of risk factors examined.

Results

Twenty-one cases (1.2%) involving an intraoperative fracture
were documented in operative reports and were included in the
final cohort. Indications for surgery included rotator cuff arthrop-
athy (N = 10, 47.6%), pain and/or complication associated with a
prior arthroplasty (N = 5, 23.8%), glenohumeral arthritis or avas-
cular necrosis (N = 5, 23.8%), and proximal humerus fracture (N = 1,
4.8%). The intraoperative fractures were further classified by the
operative step during which they occurred: exposure/dislocation
(N = 2, 9.5%), baseplate preparation (N = 1, 4.8%), prior stem
removal (N = 2, 9.5%), reaming (N = 2, 9.5%), broaching (N = 7,
33.3%), and seating (N = 7, 33.3%) (Table I). In 20 of 21 cases, the
intraoperative fracture involved the humerus (one involved the
glenoid), and of these cases, 19 (95%) stems were metaphyseal-
fitting while only 1 (5%) stem was diaphyseal-fitting.

Differences in age, BMI, and ASA score did not reach statistical
significance when compared to the larger institutional database of
shoulder arthroplasty procedures which did not have an intra-
operative fracture (N = 1752). As a categorical variable, elevated
BMI (either >35 or >30) did not reach statistical significance
(P =.79, P = .67) for an association with intraoperative fracture.
However, gender did reveal an association, occurring more often in
females than in males (81% in fracture cohort vs. 56.2% in non-
fracture cohort, P =.02). Among Elixhauser comorbidities selected
for their potential relevance to bone health, the percentage of pa-
tients with liver disease was slightly higher in the fracture cohort
(N = 2, 9.5%) than that in the larger institutional cohort (N = 44,
2.5%, P = .04), similar to electrolyte disorder which also trended
toward significance. Smoking history, renal failure, rheumatoid
arthritis, and laterality notably did not reach or trend toward
statistical significance (P = .49, P = 93, P = .95, and P = .12,
respectively), and no other comorbidities reached significance in
our cohort of 21 cases (Table II).

Nineteen of the 21 cases included in the fracture cohort
occurred during reverse shoulder arthroplasty procedures (90.5%
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vs. 9.5%, P < .001), resulting in an overall intraoperative fracture
incidence of 2.5% for reverse shoulder arthroplasties and 0.2% for
anatomic procedures. Of note, in the entire cohort (N = 1773), those
patients who underwent reverse shoulder arthroplasty were
significantly older than patients undergoing anatomic procedures
(P <.0001) and also had higher ASA scores (P < .0001). Five frac-
tures occurred during a revision arthroplasty while sixteen frac-
tures occurred during a primary procedure (overall rate: 3.0% vs.
1.0%, P =.03). When examining revision arthroplasties in isolation,
further analysis did not reveal any statistically significant difference
in gender between the fracture and nonfracture cohorts (P = .83).
With respect to location, there were 7 intraoperative fractures of
the greater tuberosity (33.3%), 8 metaphyseal fractures (38.1%), and
6 diaphyseal fractures (28.5%). Most intraoperative fractures were
repaired with cerclage wires and/or suture fixation, while one case
required a plate.

The intraoperative fracture cohort had a significantly longer
duration of surgery (mean: 2.87 vs. 2.14 hours, P < .001) and a
longer hospital stay postoperatively (mean: 2.42 vs. 2.17 days,
P < .0001) than the comparison cohort of nonfracture cases. While
the fracture cohort trended toward higher rates of 90-day
readmission (9.5% vs. 3.4%) and a higher utilization of SNF/rehab
(19% vs. 11%), neither of these secondary outcomes reached
statistical significance (Table III).

Discussion

As shoulder arthroplasty becomes an increasingly popular op-
tion for patients with degenerative conditions of the shoulder,
identifying risk factors for adverse perioperative outcomes remains
a priority in this setting. While a wide variety of research studies
have examined postoperative outcomes both in terms of func-
tionality and complications,”®?32>32 few groups have examined
the incidence and risk factors for intraoperative fractures. Despite
their relative infrequency, patients and providers alike may benefit
from this information for use during the preoperative counseling
process.

In the present study, we found the overall incidence of intra-
operative fracture during shoulder arthroplasty procedures to be
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Table 3

Secondary outcomes after shoulder arthroplasty.
Secondary outcome Fracture cohort (N = 21) Non fracture cohort (N = 1752) P value
Duration of surgery 2.87 2.14 <.001*
Length of stay 242 217 <.001*
Discharge location (SNF/Rehab) 4 (19%) 192 (11%) 24
90-Day readmission 2 (9.5%) 60 (3.4%) 13

SNF, skilled nursing facility.

Continuous variables reported as means. Categorical variables reported as counts and percentages.

P <.05.

1.2%. This compares favorably to rates of intraoperative fracture
reported in the literature, which range from 0.6% to
3% 4791314182627 gingh et al found the overall incidence of
intraoperative fracture to be 1.5% in an institutional cohort of over
2500 primary anatomic total shoulder arthroplasties and 1400
hemiarthroplasties over a 33-year period, although the study was
limited by its lack of inclusion of patients undergoing reverse
shoulder arthroplasties and revision procedures.?® Similarly, a 2017
study by Cowling et al that examined a registry database of 12,559
primary shoulder arthroplasties from the National Joint Registry
found the rate of intraoperative fracture to be 1.6%."> Although this
study holds advantages in terms of sample size and geographic
diversity for detecting these rare events, the authors acknowledge
the limitations of registries. These include inconsistent surgeon
reporting of complications and the possibility of residual
confounding during data analysis.

We additionally observed significantly higher rates of intra-
operative fracture in reverse shoulder arthroplasty than those in
anatomic procedures (2.5 vs. 0.2%, P < .001). These findings
compare favorably to prior work citing an incidence of intra-
operative fracture during reverse shoulder arthroplasty that ranges
from 2% to 7%.>5112831 wierks et al®' reported the incidence of
intraoperative humeral fracture to be as high as 9% while Boileau
et al found the incidence to be 2.2% in a limited series of patients
(N = 22 and N = 45, respectively).® Owing to these small sample
sizes, even a single additional fracture leads to a large increase in
overall incidence, a common challenge when studying this
complication at an institutional (rather than registry) level. Our
study includes a larger cohort of reverse arthroplasties, making a
significant contribution to the literature with regard to the inci-
dence of intraoperative fracture during these procedures. The
increased incidence of intraoperative fractures during reverse
shoulder arthroplasty observed in our cohort is not fully under-
stood. This finding may be related to the older patient de-
mographics in this group with potentially more advanced
osteopenia, as well as humeral manipulation and retraction to
prepare for glenosphere placement. We did observe that patients
who underwent reverse shoulder arthroplasty were significantly
older and had higher ASA scores than those who underwent
anatomic procedures, but age overall notably did not reach signif-
icance in our cohort. In addition, comparatively higher mechanical
stresses may arise during reduction and dislocation of provisional
or final components in reverse shoulder arthroplasty. Finally, stem
geometry requiring any significant metaphyseal bone removal to
accommodate the implant may increase the risk of intraoperative
fracture.

Our study additionally observed a higher rate of intraoperative
fracture in revision cases vs. primary arthroplasty (3% vs. 1%).
Although prior literature demonstrates a similar trend, our rate is
somewhat lower than what has been previously published. Ingoe
et al reported the rate to be 3.5%%C in a larger registry study,
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whereas smaller case series have reported much higher rates,
ranging from 16% to 24.3%.>?° Ingoe et al attributed this large
discrepancy in part due to underreporting by the surgeons of minor
and inconsequential fractures confined to the metaphysis, a char-
acteristic possibly minimized by our study design which involved
scrutinizing operative notes themselves for documentation of
intraoperative fracture.?? In addition, these studies included co-
horts of varying characteristics: Wagner et al*® and Cisneros et al'?
focused on revision of reverse arthroplasty, while Ingoe et al’® and
Antoni et al® included revisions of anatomic procedures,
hemiarthroplasty, and reverse shoulder arthroplasty.

Given the aforementioned prevalence, especially in procedures
of higher risk, understanding which patients may have a higher
likelihood of intraoperative fracture may help anticipate and
prevent these complications. While there are limited studies to
date studying risk factors for intraoperative fracture, our study
presents advantages in terms of both breadth of candidate risk
factors as well as near-term outcomes. In the present study, female
gender and presence of liver disease were associated with
increased risk of intraoperative fracture. To our knowledge, this is
the first study to report liver disease as a factor associated with
intraoperative fracture, although, at this time, its clinical relevance
remains in speculation. Analysis of BMI as both a continuous and
categorical variable did not reveal any underlying association
although one may exist and was simply not detected in our limited
cohort. Several other studies have identified female gender as a risk
factor for intraoperative complications, possibly secondary to
poorer bone quality. These studies, however, consistently reported
advanced age as an additional risk factor, unlike the present
study.%1327:29,30

We additionally observed fractures localized to the greater tu-
berosity in one-third of the intraoperative fracture cohort. The
remaining fractures were classified as metaphyseal (53.3%) or
diaphyseal (28.5%) in location. Our results are similar to findings of
a 2009 study by Athwal et al, who in a cohort of 45 intraoperative
fractures observed 19 (42%) greater tuberosity, 16 (36%) diaphyseal
fractures, and 6 (13%) metaphyseal fractures.* Three involved both
the greater tuberosity and humeral shaft, while another involved
both the greater and lesser tuberosity.* Singh et al in a more recent
study documented a cohort of 47 intraoperative fractures (13 hu-
meral shaft, 21 greater tuberosity, 3 humeral head and neck, 3
humeral metaphysis, 5 glenoid fractures, and 2 fractures with
unclear location).?®

To our knowledge, this is the first study to examine near-term
adverse outcomes in the setting of intraoperative fractures. These
patients were noted to have an increased length of stay as well as
increased rates of 90-day readmission and discharge to SNF/rehab,
and despite these trends, only length of stay reached statistical
significance. Preliminarily, these findings may offer reassurance to
patients when counseling regarding the risks of surgery but do
merit further investigation in larger sample sizes as the trend
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toward significance for 90-day readmission may reflect an actual
clinical reality. Furthermore, the increased length of stay in our
cohort may reflect the increased patient complexity related to some
of the risk factors we detected, such as reverse shoulder arthro-
plasty and revision status, rather than any intrinsic effects related
to the intraoperative fracture itself.

There were several limitations to this study. This study is subject
to all the inherent limitations of a retrospective institutional cohort,
which may limit generalizability. Our institutional cohort, however,
may hold advantages over registry-level databases both in accuracy
and diversity of variables we were able to include in our final
analysis. In addition, there was a large asymmetry in our cohort
sizes, as the intraoperative fracture cohort had only 21 patients
compared to over 1700 in the comparison cohort, and given the
low overall incidence of this complication, this limitation is shared
with other studies on the topic. This may have also impacted our
ability to detect some statistically significant associations due to
lack of statistical power. We chose to report raw P values to allow
for easy interpretation, but statistical significance observed may
also be considered in the context of a Bonferroni correction for
repeated measurements. Finally, we decided not to include
hemiarthroplasty procedures in our final cohort, which may alter
the risk profile seen in this study compared to other studies
where hemiarthroplasties were included, perhaps as a salvage
procedure. This procedure is associated with greater risk in the
literature and is now being performed less frequently than
anatomic and reverse procedures. This may contribute to some of
the reported differences between incidence of intraoperative
fracture found in our study and that in other studies discussed in
this article.

Despite these limitations, the present study provides further
evidence of intraoperative fracture as a rare complication in
shoulder arthroplasty and, additionally, is the first to identify pa-
tients undergoing reverse shoulder arthroplasties or revision pro-
cedures may be at greatest risk for this complication. While these
patients may have a somewhat longer inpatient stay, patients may
be counseled that near-term postoperative outcomes appear
similar, although this certainly merits longer term follow-up paired
with functional outcomes to help determine postoperative recov-
ery from these complications.

Conclusion

As shoulder arthroplasty has become an increasingly common
procedure, rates of intraoperative complications, including fracture,
have remained relatively low. This study found the rate of intra-
operative fracture to be 1.2% with female gender, reverse shoulder
arthroplasty, and revision cases found to be associated with an
elevated overall risk. Although patients found to have an intra-
operative fracture had longer inpatient hospitalizations, their rates
of both discharge to SNF/rehab and of 90-day readmission failed to
reach statistical significance in our limited cohort. The incidence
and risk factors above provide information of great value for sur-
geons and patients during the preoperative counseling process
with patients as part of a shared decision making model.
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