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Abstract

Background: Hip fractures are a major public health concern with a high mortality rate. Numerous risk factors for hip
fracture have been identified, and efforts made to reduce complications and improve outcomes. This study aimed to
assess recent trends in postoperative complications amongst early-career orthopaedic surgeons. Methods: This
retrospective study analyzed surgical cases submitted to the American Board of Orthopaedic Surgery (ABOS) for the
Part II Oral Examination from 2013 to 2022. The database includes patient demographics and medical and surgical
complications. Current Procedural Terminology codes reflecting operative fixation for hip fracture were selected. Data
was split into two cohorts: 2013-2016 and 2017-2020. Univariate andmultivariable logistic regression analyses were used
to identify significant differences between cohorts. Results: 49,418 cases were analyzed. Compared to 2013-2016,
2017-2020 had a reduction in the overall medical complication rate (�1.49%, P = 0.0005), saw slight increases in
congestive heart failure (+0.18%, P = 0.049), renal failure (+0.37%, P = 0.004), hypotension (+0.41%, P = 0.0007), and
hypoxia (+0.41%, P = 0.0016). Minor decreases in myocardial infarction (�0.18%, P = 0.047) and pneumonia (�0.34%, P =
0.021) were noted. No differences occurred in confusion/delirium, deep vein thrombosis/pulmonary embolism, and
mortality. There were no significant differences in overall surgical complications. The 90-day readmission rate increased
with time (+1.17%, P < 0.0001). Multivariable logistic regression identified a decrease in the likelihood of overall medical
complications (Odds Ratio (OR): 0.92 [0.89, 0.96]; P < 0.0001). Decreases were noted for the likelihood of myocardial
infarction (OR: 0.81 [0.68, 0.98]; P = 0.031), pneumonia (OR: 0.87 [0.78, 0.97]; P = 0.013), fracture (OR: 0.80 [0.69, 0.92];
P = 0.002), and recurrent/persistent/uncontrolled pain (OR: 0.72 [0.56, 0.92]; P = 0.008). The likelihood of renal failure
(OR: 1.18 [1.04, 1.34]; P = 0.009) and readmission increased (OR: 1.14 [1.07, 1.20]; P < 0.0001).Conclusion: This study
found little change in postoperative complication patterns over the past decade. These findings suggest that more efforts
are needed to improve hip fracture care and outcomes.
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Introduction

Hip fracture represents a major public health concern in the
United States. It carries a reported mortality rate of 2%-
14% for patients during hospital admission and a one-year
mortality rate of 14%-36%.1-3 Hip fracture care is ex-
pensive, costing an estimated $10.3 billion to $15.2 billion
annually in the United States.4 The risk of hip fracture
increases with age, and in an aging population, the as-
sociated complications are also likely to increase.5,6

Hip fracture risk has been associated with poor nutri-
tional status, tobacco use, low body mass index (BMI), and
the presence of osteoporosis.7-9 Advancing age, frailty,
poor functional status, cognitive impairment, delayed
surgical management past 48 hours, concomitant fractures,
and medical comorbidities (malignancy, pulmonary dis-
ease, diabetes mellitus, and cardiovascular disease) are
independently associated with complications following hip
fracture surgery as well as one-year mortality.10-13

Many efforts have been made to reduce hip fracture
complications including anticoagulation, optimized anes-
thetic management, improved hip fracture implants, and
Enhanced Recovery after Surgery (ERAS) protocols.3 Co-
management of patients by orthopaedic surgeons and
geriatricians, and the use of an organized hip fracture
program, which many hospitals currently utilize, are
thought to result in shorter times to surgery, shorter length
of stay (LOS), and fewer complications following
operation.14-16

However, the specific trends in hip fracture fixation
practices and outcomes among early-career orthopaedic
surgeons have not been extensively studied. During the
recent Coronavirus 19 (COVID-19) pandemic, training
disruptions for early-career orthopedic surgeons led to
reduced hands-on experience due to the sharp decline in
elective surgeries.17,18 Additionally, reduced automotive
traffic from travel restrictions significantly decreased the
number of trauma admissions to emergency
departments.19,20 These factors contributed to a decrease in
overall procedural volume, which, in conjunction with a
shift toward virtual learning environments, potentially
impacted the skill development of new surgeons.21

The purpose of this study is to investigate the recent
trends in post-operative complications following hip
fracture among candidates submitting cases to the
American Board of Orthopaedic Surgery (ABOS) for the
Part II Oral Examination. Given the challenges involved
with the management of patients with hip fracture, we
hypothesize that despite recent improvements in care
(protocols, implants, organized co-managed care pro-
grams), there have been no significant improvements in

surgeon reported post-operative complications over the
past 10 years.

Materials and Methods

Study Design

This is a retrospective study analyzing surgical cases
submitted to the American Board of Orthopaedic Surgery
(ABOS) by candidates taking the Part II Oral Examination
from 2013 to 2022. The data was split into two primary
cohorts based on examination years: 2013-2016 and 2017-
2020. Additionally, a sub-analysis examined the impact of
COVID-19 on complication rates by splitting the data into
two cohorts: 2018-2019 and 2021-2022.

Data Source and Analysis

The demographics and data collection utilized in the
ABOS database have been previously discussed.22-24 In
short, this Case List database consists of all self-reported
consecutive surgical cases recorded over a six-month
period by applicants for ABOS Initial Board Certifica-
tion. Each case has a maximum of seven months follow-up
and was deidentified for research purposes. Due to the
COVID-19 pandemic, the 2021 Examination Year in-
cludes nine months of cases instead of six months. The
surgical cases listed by each candidate must be indepen-
dently certified by the hospitals/institutions where the
procedure was performed.25-28 70% of candidates take the
Part II Oral Examination within the first two years after
completion of their training (residency or fellowship), and
98% take it within the first five years.29

A research proposal was submitted and approved by the
ABOS research committee to query the database for cases
with Current Procedural Terminology (CPT) codes that are
reflective of operative fixation for hip fracture. CPT codes
included 27235 (percutaneous skeletal fixation of femoral
neck fracture), 27236 (open treatment of femoral neck
fracture, internal fixation/prosthetic replacement), 27244
(treatment of pertrochanteric femoral fractures with a plate
or screw type implant), and 27245 (treatment of per-
trochanteric femoral fracture with intramedullary implant).
Other elements that were assessed include patient demo-
graphics, such as the patient’s age and sex, and the geo-
graphic region and fellowship training of the candidate
surgeon performing the case. Patients younger than
18 years old were excluded. Anesthetic, and various
medical and surgical complications associated with the
procedure, as well as unexpected 90-day readmissions and
90-day reoperations, were also collected from the database.
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Complication categories were determined by ABOS.
Medical complications included: anemia, arrhythmia,
cerebrovascular accident (CVA), confusion/delirium,
congestive heart failure (CHF), deep vein thrombosis
(DVT), gastrointestinal (GI) bleeding/ulcer/gastritis,
hypotension, hypoxia, myocardial infarction (MI),
pneumonia, pulmonary embolism (PE), renal failure,
respiratory failure, urinary tract infection, and unspec-
ified. Mortality was also collected. Surgical complica-
tions included: bone fracture, compartment syndrome,
failure of tendon/ligament repair, hemarthrosis/effusion,
hematoma/seroma, implant failure/fracture/malfunc-
tion, limb ischemia, loss of reduction, malunion,
nonunion/delayed union, wound healing delay/failure,
skin ulcer/blister, pain – recurrent/persistent/uncon-
trolled, vascular injury, nerve palsy/injury, and un-
specified. This study was approved by our university
Institutional Review Board.

Statistical Analysis

All analyses were completed using JMP Software (Version
16.0, SAS Institute Inc., Cary, NC). An alpha of 0.05 was
used for statistical significance.

The data was first split into two cohorts using exami-
nation years: 2013-2016 and 2017-2020. Patient and
candidate characteristics, as well as complications, be-
tween these two cohorts were calculated using the mean
with standard deviation (SD) for continuous variables and
total number (n) with percentage for categorical variables.
Univariate analysis was performed in order to identify
significant differences between the two cohorts.
Independent-sample t-tests and Pearson’s chi-square tests
were used to evaluate the continuous and categorical
variables, respectively. Multivariable logistic regression
analyses adjusting for potential cofounders were subse-
quently performed to determine adjusted differences in the
rate of complications over time.

A sub-analysis further examined the impact of COVID-
19 on complication rates. For this analysis, the data was
split into two cohorts using examination years: 2018-
2019 and 2021-2022. Univariate analysis was performed
using a similar process as above.

Results

A total of 49,418 cases were analyzed with an average
reported follow-up period of 7.3 weeks +/� 6.1 weeks.
The average age of the population studied was ap-
proximately 77.1 +/� 13.8 years, with 84.5% (n =
41,777) being 65 years of age or older. The majority
(67.8%, n = 33,496) were female. Most cases were
reported from the Midwest (21.0%, n = 10,367), fol-
lowed by the South (19.5%, n = 9624) and Northeast

(18.9%, n = 9355). There were 23,781 (48.1%) cases
from the years 2013 to 2016 and 25,637 (51.9%) from
the years 2017 to 2020. Between these two cohorts, there
was no significant difference with respect to age
(Table 1). There were more male patients treated in
2017-2020 (+1.42%, P = 0.0007). There were more
surgeons treating hip fractures in 2017-2020 with a
trauma fellowship (+1.38%, P = 0.0003) (Table 2).
There was an increase in the number of hip fractures
being treated with an intramedullary nail (IMN)
(+3.75%, P < 0.0001) and a decrease in the number of
hip fractures being treated with a sliding hip screw
(SHS) (�2.12%, P < 0.0001).

When compared to the years 2013-2016, the period
from 2017-2020 had an overall complication rate decrease
(�1.19%, P = 0.007) (Table 3) (Figure 1). This was pri-
marily due to a reduction in the overall medical compli-
cation rate (�1.49%, P = 0.0005). Amongst medical
complications, there were slight increases in CHF
(+0.18%, P = 0.049), renal failure (+0.37%, P = 0.004),
hypotension (+0.41%, P = 0.0007), hypoxia (+0.41%, P =
0.0016), and unspecified medical complications (+0.5%,
P = 0.006). There were minor decreases in MI (�0.18%,
P = 0.047) and pneumonia (�0.34%, P = 0.021). There
were no differences with respect to CVA, confusion/
delirium, DVT/PE, and mortality. There were no signifi-
cant differences with respect to overall surgical compli-
cations, however, small decreases in bone fractures
(�0.42%, P = 0.0002) and recurrent/persistent/uncon-
trolled pain (�0.18%, P = 0.007) were noted. There was
also an increase in unspecified surgical complications
(+0.49%, P < 0.0001). There was no change in reoperation
rate, but the readmission rate increased (+1.17%, P <
0.0001) (Table 4).

Following multivariable logistic regression analysis
that adjusted for sex, age, CPT code, and whether the
operating surgeon had completed a trauma fellowship, a
statistically significant decrease in the likelihood of overall
medical complications was noted for the years 2017-
2020 when compared to 2013-2016 (OR: 0.92 [0.89, 0.96];
P < 0.0001) (Table 5). Decreases were also noted for the
likelihood of MI (OR: 0.81 [0.68, 0.98]; P = 0.031),
pneumonia (OR: 0.87 [0.78, 0.97]; P = 0.013), bone
fracture (OR: 0.80 [0.69, 0.92]; P = 0.002), and recurrent/
persistent/uncontrolled pain (OR: 0.72 [0.56, 0.92]; P =
0.008). There were significant increases in the likelihood
of renal failure (OR: 1.18 [1.04, 1.34]; P = 0.009), un-
specified medical complications (OR: 1.13 [1.03, 1.23];
P = 0.009), unspecified surgical complications (OR:
1.40 [1.21, 1.62]; P < 0.0001), and readmission (OR:
1.14 [1.07, 1.20]; P < 0.0001).

The sub-analysis performed to assess the impact of
COVID-19 found that the years 2021-2022 during which
COVID-19 was a factor, when compared to the baseline
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years 2018-2019, had higher rates of mortality (+2.09%,
P < 0.0001) and readmission (+0.8%, P = 0.033) (Table 6).

Discussion

The incidence of hip fracture has slightly decreased but the
prevalence continues to rise with the aging population.16,30

Despite numerous advances targeting preoperative opti-
mization, intraoperative management, and postoperative
models of care, our analysis of the ABOS Part II Oral
Examination Case List database found that in recent years,
there was only a slight decrease in the overall complication
rate with many postoperative medical and surgical com-
plications showing no significant change and some even

increasing in incidence. To our knowledge, this is the first
study that has reported temporal trends in complications
following hip fracture surgery amongst early-career or-
thopaedic surgeons.

Our study identified no significant difference between
patients treated by early-career orthopaedic surgeons in the
latter half of the past decade and patients treated in the first
half with respect to age. Although females represented
most patients in both cohorts, an increasing number of
males are being treated for hip fracture. The reduced rate of
females experiencing hip fractures may reflect screening
recommendations from the U.S. Preventive Services Task
Force pertaining to postmenopausal women.31-33 Our
study also found an increase in trauma-fellowship-trained

Table 1. Patient Demographics for Patients Undergoing Hip Fracture Fixation Between 2013-2016 and 2017-2020.

2013-2016 2017-2020 % Change P-Value

Patients, n (%)
Age (years), mean (SD)a

23781 (48.12%)
77.21 (13.76)

25637 (51.88%)
77.07 (13.78)

�0.18 0.254

Age ≥65 years, n (%) 20045 (84.29%) 21732 (84.77%) +0.48 0.142
Sex, n (%) 0.0007
Female 16294 (68.52%) 17202 (67.10%) �1.42
Male 7487 (31.48%) 8435 (32.90%) +1.42

Geography, n (%) <0.0001
Northeast 4457 (18.74%) 4898 (19.11%) +0.37
Northwest 1302 (5.47%) 1725 (6.73%) +1.26
Midwest 4915 (20.67%) 5452 (21.27%) +0.60
South 4556 (19.16%) 5068 (19.77%) +0.61
Southeast 4547 (19.12%) 4585 (17.88%) �1.24
Southwest 3945 (16.59%) 3881 (15.14%) �1.45
Other 59 (0.25%) 28 (6.73%) +6.48

aPatients with age older than 90 years were classified as being 90 years old.
Abbreviations: SD, standard deviation.

Table 2. Cases/Candidate Data for Patients Undergoing Hip Fracture Fixation Between 2013-2016 and 2017-2020.

2013-2016 2017-2020 % Change P-Value

Patients, n (%)
Fellowship training, n (%)

23781 (48.12%) 25637 (51.88%) 0.0003

Trauma 5554 (23.35%) 6341 (24.73%) +1.38
CPT Code*, n (%) <0.0001
27235 2766 (11.63%) 3129 (12.21%) +0.58
27236 7395 (31.10%) 7415 (28.92%) �2.18
27244 1313 (5.52%) 872 (3.40%) �2.12
27245 12264 (51.57%) 14183 (55.32%) +3.75
Multiple 43 (0.18%) 38 (0.15%) �0.03

Total # of ABOS candidates 2934 3015 --- ---
Total # of cases 347026 349816 --- ---

Abbreviations: CPT, Current Procedural Terminology; ABOS, American Board of Orthopaedic Surgery.
27235: percutaneous skeletal fixation of femoral neck fracture.
*27236: open treatment of femoral neck fracture, internal fixation/prosthetic replacement.
*27244: treatment of pertrochanteric femoral fractures with a plate or screw type implant.
*27245: treatment of pertrochanteric femoral fracture with intramedullary implant.
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orthopaedic surgeons treating hip fracture. This is reflec-
tive of the rise in orthopaedic residency graduates seeking
fellowship training as well as the increase in fellowship-
trained surgeons performing procedures within their area
of subspecialty training.34,35 Multivariable analysis found
that the completion of a trauma fellowship was associated
with a variety of complications (Table 5). This was pre-
viously studied by Ottesen et al, who concluded that this
may be a result of a more acute and medically complex
subset of patients treated by orthopaedic traumatologists.
Additional evidence is required to support or refute this
hypothesis.35

Similar to Smith et al, our study found an increase in
the number of hip fractures being treated with an IMN as
opposed to a SHS.36 Furthermore, in our multivariable
analysis, fractures treated using an IMN were associated
with medical complications, including MI and renal

failure, surgical complications, including periprosthetic
bone fracture, and readmission. However, our analysis
did not control for type of hip fracture. As such, it is
possible that many fractures treated with IMN were
subtrochanteric in nature, which have been found to
have a higher risk for nonunion.37 Given these results, it
is important to consider the individual’s specific fracture
characteristics before choosing an implant for treatment.
A recent Cochrane review found that a SHS yields very
similar functional outcomes to an IMN in the man-
agement of extracapsular fragility hip fractures.38 The
review reported a reduced risk of infection and non-
union with an IMN; however, there is an increased risk
of implant-related fracture that is not attenuated with
newer designs. There may be limited exposure of or-
thopedic trainees to SHS, reinforcing the ongoing
preference for more expensive IMN, impacting both

Table 3. Postoperative Complication Rates for Patients Undergoing Hip Fracture Fixation Between 2013-2016 and 2017-2020.a

2013-2016 2017-2020 % Change P-Value

Patients, n (%)
Overall complications, n (%)

23781 (48.12%)
9788 (41.16%)

25637 (51.88%)
10246 (39.97%)

�1.19 0.007

Anesthetic, n (%) 134 (0.56%) 153 (0.60%) +0.04 0.626
Medical, n (%) 8306 (34.93%) 8573 (33.44%) �1.49 0.0005
Anemia 3869 (16.27%) 3966 (15.47%) �0.8 0.015
Arrythmia 554 (2.33%) 636 (2.48%) +0.15 0.273
CVA 174 (0.73%) 204 (0.80%) +0.07 0.414
Confusion/Delirium 1370 (5.76%) 1484 (5.79%) +0.03 0.895
CHF 221 (0.93%) 284 (1.11%) +0.18 0.049
DVT/PE 500 (2.10%) 543 (2.12%) +0.02 0.905
GI bleeding/ulcer/gastritis 236 (0.99%) 276 (1.08%) +0.09 0.356
Hypotension 381 (1.60%) 515 (2.01%) +0.41 0.0007
Hypoxia 448 (1.88%) 587 (2.29%) +0.41 0.0016
Myocardial infarction 239 (1.01%) 214 (0.83%) �0.18 0.0472
Pneumonia 705 (2.96%) 672 (2.62%) �0.34 0.021
Renal failure 440 (1.85%) 568 (2.22%) +0.37 0.004
Respiratory failure 465 (1.96%) 480 (1.87%) �0.09 0.501
UTI 1067 (4.49%) 997 (3.89%) �0.6 0.0009
Unspecified 919 (3.86%) 1117 (4.36%) +0.5 0.0059

Mortality, n (%) 1449 (6.09%) 1542 (6.01%) �0.08 0.715
Surgical, n (%) 2782 (11.70%) 2890 (11.27%) �0.43 0.138
Bone fracture 425 (1.79%) 351 (1.37%) �0.42 0.0002
Hematoma/Seroma 270 (1.14%) 269 (1.05%) �0.09 0.357
Implant Failure/Fracture/Malfunction 404 (1.70%) 425 (2.66%) +0.96 0.722
Loss of reduction 376 (1.58%) 367 (1.43%) �0.15 0.172
Nonunion/Delayed union 129 (0.54%) 135 (0.53%) �0.01 0.809
Wound Healing/Failure 229 (0.96%) 289 (1.13%) +0.17 0.073
Skin Ulcer/Blister 133 (0.56%) 123 (0.48%) �0.08 0.219
Pain - Recurrent/Persistent/Uncontrolled 150 (0.63%) 116 (0.45%) �0.18 0.0068
Unspecified 305 (1.28%) 454 (1.77%) +0.49 <0.0001

aComplications with rates less than 0.5% were excluded from this table.
Abbreviations: CVA, cerebrovascular accident; CHF, congestive heart failure; DVT, deep vein thrombosis; PE, pulmonary embolism; GI, gastroin-
testinal; UTI, urinary tract infection.
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residency education and healthcare costs despite the lack
of clear evidence for improved outcomes.39,40

Our study found a slight reduction in the overall
complication rate of hip fractures treated by early-career
orthopaedic surgeons. Specifically, rates of medical
complications, such as MI and pneumonia, and surgical
complications, such as periprosthetic bone fracture and
recurrent/persistent/uncontrolled pain slightly decreased.
While it is unclear whether these results are associated with
any intervention, it is possible that these decreases are
attributable to improved protocols tailored towards peri-
operative optimization of patients with hip fractures. One
example of such a protocol is ERAS, which consists of
selected interventions performed preoperatively, intra-
operatively, and postoperatively, with the purpose of im-
proving clinical outcomes.41 In a propensity score-
matched analysis, ERAS protocols applied to inter-
trochanteric fractures decreased LOS, alleviated patient

pain, promoted early recovery of the patient’s hip function,
and effectively mitigated complications.42 Although or-
thogeriatric care has been postulated to reduce LOS, in-
hospital and 1-year mortality, and delirium in hip fracture
patients, a recent meta-analysis states that evidence for this
is of moderate quality, suggesting the need for adequately
powered randomized controlled trials to better evaluate the
effect of various orthogeriatric care programs on hip
fracture management.43

Despite the decline in short-term complication rates, our
study reveals high overall medical and surgical compli-
cation rates of 33.4% and 11.3%, respectively, among
early-career orthopedic surgeons. This contrasts with the
National Inpatient Sample (NIS) database, which covers
orthopedic surgeons across all career stages and reported a
lower overall complication rate of 26.8% for 2016.;
however, some specific complications such as CVA, de-
lirium, and renal failure were not assessed.30 The higher

Figure 1. Visual representation of the complication rates, 90-day readmission rate, and 90-day reoperation rate over time in patients
with hip fracture. The overall complication rate ranged from 37.3% to 44.6%, with most complications being medical in nature
(Range: 30.5% to 38.8%). However, addressing surgical complications (Range: 9.7% to 13.2%) could potentially yield easier
improvements.

Table 4. 90-day Readmission and Reoperation Rates for Patients Undergoing Hip Fracture Fixation Between 2013-2016 and 2017-
2020.a

2013-2016 2017-2020 % Change P-Value

Patients, n (%)
Readmission, n (%)

23777 (48.13%)
2416 (10.16%)

25620 (51.87%)
2902 (11.33%)

+1.17 <0.0001

Reoperation, n (%) 877 (3.69%) 967 (3.77%) +0.08 0.615

a21 patients did not have values indicated for readmission or reoperation.
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rates in our study may underscore the need for more
practice and skill refinement among newly trained sur-
geons. It may also highlight the importance of improving
patient management across the healthcare continuum, from
preoperative assessments to postoperative care and follow-
up.44

Our study found an increase in the rate of postoperative
renal failure. Prior work suggests acute renal failure is a
common complication of surgery in elderly patients who
sustain a hip fracture and is associated with increased
mortality up to one year after surgery, even after adjusting
for coexisting co-morbidities and medications before
surgery.45 In our study, we were unable to assess pre-
existing co-morbidities, such as chronic kidney disease
(CKD) that may predispose a patient to postoperative renal
failure. Low preoperative albumin levels, use of
angiotensin-converting enzyme (ACE) inhibitors or an-
giotensin II receptor blockers (ARBs), the need for blood

transfusion, and coronary artery disease were shown to be
independent risk factors for acute kidney injury following
hip fracture surgery.46

Of note, many troublesome medical complications,
such as CVA, confusion/delirium, DVT/PE, and mortality
did not significantly change over the course of our study.
Confusion/delirium was the most common complication in
our study at a rate of <6%. This complication was likely
underreported given a prior meta-analysis suggesting an
incidence of up to 54% in hip fracture patients.47 A recent
quality improvement project found that common reasons
that may explain this underreporting in hip fracture patients
include difficulties in identifying delirium and challenges
in accurately documenting the diagnosis despite successful
identification.48 Delirium is a common, poorly understood,
challenging clinical problem for older adults, often com-
plicating major surgery.49 Delirium has been shown to
increase the risk of readmission, which, in turn, increases

Table 5. Multivariable Logistic Regression by Complication for Patients Undergoing Hip Fracture Fixation.a

Complication Characteristic Or (95% CI) P-Value

Medical
Overall Male 1.24 (1.19, 1.30) <0.0001

CPT 27245 1.31 (1.26, 1.36) <0.0001
Trauma fellowship 1.32 (1.26, 1.38) <0.0001
2017-2020 0.92 (0.89, 0.96) <0.0001

CHF Male 1.21 (1.00, 1.47) 0.045
Trauma fellowship 1.25 (1.03, 1.53) 0.026

MI Male 1.69 (1.40, 2.05) <0.0001
CPT 27245 1.28 (1.06, 1.54) 0.0106
Trauma fellowship 1.29 (1.04, 1.58) 0.021
2017-2020 0.81 (0.68, 0.98) 0.031

Pneumonia Male 1.91 (1.71, 2.13) <0.0001
Trauma fellowship 1.33 (1.18, 1.50) <0.0001
2017-2020 0.87 (0.78, 0.97) 0.013

Renal failure Male 1.85 (1.63, 2.11) <0.0001
CPT 27245 1.22 (1.07, 1.38) 0.003
Trauma fellowship 1.39 (1.21, 1.59) <0.0001
2017-2020 1.18 (1.04, 1.34) 0.009

Unspecified Male 1.42 (1.29, 1.55) <0.0001
2017-2020 1.13 (1.03, 1.23) 0.009

Surgical
Bone fracture Male 0.63 (0.53, 0.75) <0.0001

CPT 27245 0.32 (0.27, 0.37) <0.0001
2017-2020 0.80 (0.69, 0.92) 0.002

Recurrent/Persistent/Uncontrolled
Pain

Male 0.76 (0.58, 0.99) 0.049
2017-2020 0.72 (0.56, 0.92) 0.008

Unspecified 2017-2020 1.40 (1.21, 1.62) <0.0001
90-day readmission Male 1.28 (1.20, 1.36) <0.0001

CPT 27245 0.90 (0.85, 0.95) 0.0002
Trauma fellowship 1.10 (1.02, 1.17) 0.007
2017-2020 1.14 (1.07, 1.20) <0.0001

aOnly complications considered to be clinically severe were included. For each complication, age, sex, CPT code, trauma fellowship status, and time
period were used in a logistic regression. Only those factors found to be independent risk factors are reported.
Abbreviations: OR, odds ratio; CI, confidence interval; CPT, Current Procedural Terminology; CHF, congestive heart failure; MI, myocardial infarction.
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healthcare expenditures as well as the risk for mortality.50,51

Our study also found an increase in the rates of readmission
over the past decade. Readmission after hip fracture is
highly undesirable, with a mortality rate of approximately
20%.50 Unfortunately, there are no validated approaches to
reducing the rate of readmission following hip fracture. The
persistent challenges with delirium diagnosis and man-
agement in hip fracture patients underscore the need for
enhanced education on these aspects during residency for
early-career orthopedic surgeons.

It is important to note that certain complications may
result from the type of procedure performed. For instance,
interventions utilizing polymethyl methacrylate (PMMA)
or bone cement for trauma cases have been found to
contribute to bone cement implantation syndrome (BCIS)
which is an amalgam of medical complications, including
hypoxemia, hypotension, and unexpected loss of con-
sciousness.52 Recognizing these specific procedure-related
risks is crucial for understanding the broader spectrum of
complications and tailoring preventative strategies.

Table 6. Demographic, Postoperative Complication, Re-admission, and Re-operation Results for Patients Undergoing Hip Fracture
Fixation During Non-COVID (2018-2019) and During COVID (2021-2022).a

Non-COVID 2018-2019
COVID

2021-2022 % Change P-Value

Patients, n (%)
Age (years), mean (SD)

12852 (43.96%)
77.13 (13.69)

16386 (56.04%)
77.31 (13.46)

0.23 0.282

Sex, n (%) 0.009
Female 8655 (67.34%) 10795 (65.88%) �1.46
Male 4197 (32.66%) 5591 (34.12%) 1.46

Overall complications, n (%) 4962 (38.61%) 6800 (41.50%) 2.89 <0.0001
Anesthetic, n (%) 73 (0.57%) 101 (0.62%) 0.05 0.594
Medical, n (%) 4178 (32.51%) 5678 (34.65%) 2.14 0.0001
Anemia 2012 (15.66%) 2537 (15.48%) �0.18 0.686
Arrythmia 311 (2.42%) 443 (2.70%) 0.28 0.129
CVA 110 (0.86%) 137 (0.84%) �0.02 0.854
Confusion/Delirium 676 (5.26%) 867 (5.29%) 0.03 0.906
CHF 136 (1.06%) 184 (1.12%) 0.06 0.598
DVT 175 (1.36%) 194 (1.18%) �0.18 0.177
GI bleeding/ulcer/gastritis 131 (1.02%) 194 (1.18%) 0.16 0.183
Hypotension 224 (1.74%) 361 (2.20%) �3.94 0.005
Hypoxia 267 (2.08%) 442 (2.70%) 0.62 0.0006
Myocardial infarction 119 (0.93%) 118 (0.72%) �0.21 0.051
Pneumonia 304 (2.37%) 394 (2.40%) 0.03 0.828
PE 89 (0.69%) 127 (0.78%) 0.09 0.413
Renal failure 290 (2.26%) 402 (2.45%) 0.19 0.272
Respiratory failure 209 (1.63%) 281 (1.71%) 0.08 0.558
UTI 460 (3.58%) 603 (3.68%) 0.1 0.648
Unspecified 563 (4.38%) 814 (4.97%) 0.59 0.019

Surgical, n (%) 1325 (10.31%) 1886 (11.51%) 1.2 0.0011
Bone fracture 158 (1.23%) 231 (1.41%) 0.18 0.182
Hematoma/Seroma 127 (0.99%) 160 (0.98%) �0.01 0.919
Implant Failure/Fracture/Malfunction 198 (1.54%) 221 (1.35%) �0.19 0.171
Loss of reduction 166 (1.29%) 193 (1.18%) �0.11 0.381
Nonunion/Delayed union 69 (0.54%) 106 (0.65%) 0.11 0.226
Wound Healing/Failure 143 (1.11%) 152 (0.93%) �0.18 0.116
Pain - Recurrent/Persistent/Uncontrolled 42 (0.33%) 94 (0.57%) 0.24 0.002
Unspecified 212 (1.65%) 337 (2.06%) 0.41 0.011

Mortality, n (%) 746 (5.80%) 1293 (7.89%) 2.09 <0.0001
Readmission, n (%) 1426 (11.11%) 1952 (11.91%) 0.8 0.033
Reoperation, n (%) 470 (3.66%) 578 (3.53%) �0.13 0.539

aComplications with rates less than 0.5% were excluded from this table.
Abbreviations: COVID, Coronavirus disease-2019, SD, standard deviation, CVA, cerebrovascular accident; CHF, congestive heart failure; DVT, deep
vein thrombosis; PE, pulmonary embolism; GI, gastrointestinal; UTI, urinary tract infection.
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The mortality rate did not significantly change over
time in our study. The inpatient mortality rate of ap-
proximately 6% between the years 2017 and 2020 is
higher than the 2.4%-3.1% reported in the
literature.30,53-55 Sub-analysis showed that the mortality
rate increased to approximately 8% during the years
2021 to 2022, during the COVID-19 pandemic. Using
the National COVID Cohort Collaborative (N3C) Data
Enclave,56 Levitt et al found that the 30-day mortality
was 14.6% in patients with COVID-19 and hip fracture,
compared to 3.8% in COVID-19-negative patients.57

This increase in mortality rate may not be directly re-
lated to COVID-19 sequelae alone, but may also have
been influenced by a higher Charlson Comorbidity In-
dex in the COVID-19 positive group, potential delays to
surgery, and other systemic health care factors.57

This study is not without limitations. With regards to the
study sample, neither a power analysis nor normality
checks were performed. All patients provided by ABOS
were included in this study. The reported complications
represent short-term follow-up only (7.3 weeks +/�
6.1 weeks). When interpreting our findings, a key con-
sideration is the possibility that the rising rates of post-
operative complications may be attributable to enhanced
surveillance and/or a lower threshold for reporting com-
plications. The inherent biases of any retrospective review
hold true in this study. Furthermore, the ABOS dataset
does not provide granular patient co-morbidity data, thus
limiting our analyses. Additionally, as the data is surgeon
self-reported, there is a possibility of data entry errors,
underreported cases, and variations in the classification of
complications, as such, the database may not capture all
complications and 90-day readmission rates. Nevertheless,
the ABOS database cases are independently certified by
the hospitals where the procedures were performed.25-27

Additionally, specific variables, including baseline co-
morbidities, co-management of care, and time to surgery,
were not assessed in our multivariable analysis as they
were not included in the database. These remain significant
factors impacting short-term outcomes in hip fracture
care58 and future studies should aim to incorporate these
critical variables to provide a more comprehensive un-
derstanding of hip fracture trends.

Conclusion

There remains much room for improvement in the man-
agement of hip fractures. Using the ABOS database, we
identified a reduction in the rates of postoperative medical
complications, such as MI and pneumonia, and surgical
complications, such as bone fracture and recurrent/
persistent/uncontrolled pain. This may reflect increased
utilization of ERAS and improved pain management
protocols. However, this study identified several

postoperative complications that have either shown no
improvement or have increased in incidence, including
delirium, renal failure, and mortality. Strict adoption of
evidence-based treatments aimed at mitigating these
complications and a focus on enhancing perioperative
medical care for patients with hip fracture presents a
promising route towards improving patient outcomes. This
suggests a future course of study and research.
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