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Hypothesis: We hypothesized that the modified Fragility Index (mFI) would predict complications in
patients older than 50 years who underwent operative intervention for a proximal humerus fracture.
Methods: We retrospectively reviewed the American College of Surgeons National Surgery Quality
Improvement Program database, including patients older than 50 years who underwent open reduction
and internal fixation of a proximal humerus fracture. A 5-item mFI score was then calculated for each
patient. Postoperative complications, readmission and reoperation rates as well as length of stay (LOS)
were recorded. Univariate as well as multivariable statistical analyses were performed, controlling for
age, sex, body mass index, LOS, and operative time.
Results: We identified 2,004 patients (median age, 66 years; interquartile range: 59-74), of which 76.2%
were female. As mFI increased from 0 to 2 or greater, 30-day readmission rate increased from 2.8% to 6.7%
(P-value¼ .005), rate of discharge to rehabilitation facility increased from7.1% to25.3% (P-value< .001), and
rates of any complication increased from 6.5% to 13.9% (P-value < .001). Specifically, the rates of renal and
hematologic complications increased significantly in patients with mFI of 2 or greater (P-value ¼ .042
and P-value < .001, respectively). Compared with patients with mFI of 0, patients with mFI of 2 or greater
were 2 times more likely to be readmitted within 30 days (odds ratio ¼ 2.2, P-value .026). In addition,
patients withmFI of 2 or greater had an increased odds of discharge to a rehabilitation center (odds ratio¼
2.3, P-value < .001). However, increased fragility was not significantly associatedwith an increased odds of
30-day reoperation or any complication after controlling for demographic data, LOS, and operative time.
Conclusion: An increasing level of fragility is predictive of readmission and discharge to a rehabilitation
center after open reduction and internal fixation of proximal humerus fractures. Our data suggest that a
simple fragility evaluation can help inform surgical decision-making and counseling in patients older
than 50 years with proximal humerus fractures.

© 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-

nc-nd/4.0/).
Proximal humerus fractures (PHFs) comprise about five percent
of all fractures in older adults, representing the thirdmost common
osteoporotic fracture type in elderly patients after distal radius and
hip fractures.6,13,26,35 These fractures tend to occur in active, elderly
individuals and have a unipolar age distribution, with the highest
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age-specific incidences occurring in women between 80 and 89
years of age.13 While this is certainly an older patient cohort, a
population study of 1,027 PHFs revealed that more than 90% of
injured patients lived at home, with more than 80% performing
their own shopping and housework,13 highlighting the importance
of maintaining independence among this population.35,43

The treatment of PHFs includes either nonoperative immobili-
zation or surgical fixation, with no current widely accepted
consensus on indications for surgical treatment.59,63 Nonoperative
management with sling immobilization has been shown to be an
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effective form of treatment in some studies.62,76 Nonetheless, a
sample of Medicare patients treated for PHFs between 1999 and
2005 revealed a 25.6% relative increase in the rate of surgically
managed fractures over this time period.6 Open reduction and in-
ternal fixation (ORIF) has typically proved to be a reasonable option
in patients with adequate bone quality, with the added benefit of
reduced implant-related complications when compared with
fractures treated with reverse shoulder arthroplasty (RSA).10,61,75

Generally, elderly patients with severe osteoporosis and high de-
gree of fracture displacement and/or comminution are offered RSA
rather than ORIF.17,20,40,63 Demand for RSA is increasing at a rate of
12.1% growth rate per year in the elderly42 with emerging evidence
to suggest that these patients have improved long-term outcomes
when compared with patients who underwent plate fixation.20

However, there is still no consensus on its indications or the stan-
dard of care of these fractures in general.6

With a high incidence of PHFs in elderly populations, age alone
is not an adequate measure to determine candidacy for ORIF.
Instead fragility, defined as a generalized decrease in multisystem
physiologic reserve and function, should be considered.73 Patients
of the same age can have greatly different degrees of fragility and,
therefore, vastly different operative risk profiles.7,51,66 Several
studies have used fragility, quantified as the modified Fragility In-
dex (mFI), to predict surgical outcomes and complications in both
orthopedics and other surgical specialties.2,7,18,19,30,45,57,58,71,73 The
mFI is an 11-item index of functional status and comorbidities
originally developed as a simplified version of the Canadian Study
of Health and Aging Frailty Index, a full 70-item scale designed to
quantify frailty.66 The mFI has compared well with other fragility
indices, specifically the Charlson Comorbidity Index, in both or-
thopedic and general surgery.5,16,41 A subsequent abbreviated 5-
item index was recently validated against the 11-item mFI score
and has been used to successfully predict complications to permit
risk stratification in the preoperative period.64,71,74 A 2018 retro-
spective review of 6,494 patients older than 50 years who had
undergone ORIF for distal radius fractures revealed that patients
with an mFI of 2 or greater were nearly 2.5 times more likely to
incur a postoperative complication.71 A larger cohort study
encompassing orthopedic, vascular, and general surgery revealed a
linear dose-dependent relationship between the mFI and 30-day
unplanned readmission, postdischarge emergency department
visits, predischarge and postdischarge complications, and post-
discharge mortality.70 These studies highlight the value of the mFI
in the preoperative decision-making and surgical management of
these patients.

Fragility measures have played a promising part in the patient
selection process and assessing patient risk factors and comorbid-
ities to decrease readmissions, reoperations, and overall compli-
cations. We hypothesized that the 5-item mFI would successfully
predict 30-day surgical complications in patients older than 50
years with PHFs.

Materials and methods

Data collection

In this study, the American College of Surgeons National Surgery
Quality Improvement Program database was queried for patients
based on Current Procedural Terminology codes. In brief, the Na-
tional Surgery Quality Improvement Program (NSQIP) database
collects prospective, international data regarding patient preoper-
ative demographic characteristics and comorbidities, surgical
categorization, and 30-day surgical outcomes and complications.

The following Current Procedural Terminology codes were used
in this retrospective cohort database study: 23615 (open treatment
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of PHF ± tuberosities ± fixation), 23616 (open treatment of PHF ±
tuberosities with prosthesis ), and 23630 (open treatment of
greater tuberosity fracture ± internal/external fixation). All patients
from 2014 to 2017 were initially included in this study. Patients
younger than 50 years and those with open injuries were excluded.
Finally, patients meeting sepsis or presepsis criteria before surgery
were excluded, as were patients with incomplete data available for
analysis.

Patient demographics

The following patient demographic information was included:
age, sex, body mass index kg/m2 (BMI), race (stratified into white,
black, Asian, and other/unknown), American Society of Anesthesi-
ologists class, wound classification, smoking status, postoperative
length of stay (LOS), and operative time (minutes).

Modified fragility index

The 5-item mFI used in this study was developed from the
NSQIP 11-item mFI and has been validated against it.11 The 5-item
mFI includes the following five patient history items: history of
diabetes mellitus, new diagnosis of congestive heart failure (CHF)
or an exacerbation of chronic CHF within 30 days of surgery, hy-
pertension (HTN) requiring medication, history of chronic
obstructive pulmonary disease or pneumonia, and nonindependent
functional status (partially or completely dependent in activities of
daily living within the last 30 days before surgery). The 5-item mFI
score was calculated for every patient by summing the variables
present in patients, with a possible score from 0 to 5 (Table I). These
scores were then stratified into 0, 1, and 2þ for the statistical
analysis.

Outcome and complication data

The 30-day outcome data were collected for each patient. Pri-
mary outcome data included in the analysis were 30-day read-
mission, reoperation, and mortality. Complications were classified
into the following broad categories: wound (wound dehiscence or
other complications, not including surgical site infection), cardiac
(cardiac arrest or myocardial infarction), pulmonary (pneumonia,
pulmonary embolism, unplanned reintubation), hematology (deep
vein thromboembolism, need for transfusion), renal (progressive
renal insufficiency, acute kidney failure), and adverse hospital
discharge (discharge to other than home). In addition, data for all
complications were analyzed as Clavien-Dindo IV complications,
which are those that are life-threatening and cause end-organ
dysfunction. Clavien-Dindo IV complications included cardiac ar-
rest, myocardial infarction, septic shock, pulmonary embolism, and
renal failure.

Statistical analysis

Initial statistical comparison of demographic variables and the
mFI score was performed with the chi-square test for categorical
independent variables and simple logistic regressions for contin-
uous independent variables. To assess for confounders, a bivariate
analysis of the association of demographic variables to outcomes
and complications was performed with a logistic model for
continuous independent variables and the chi-square test for cat-
egorical independent variables. Age, BMI, race, smoking status, and
length of stay (LOS) were identified as possible confounders. To
assess for association between the mFI and each complication and
outcome, a bivariate analysis was performed using a logistic model.
A subanalysis comparing each mFI component and each outcome



Table I
Patient demographics and mFI score

Patient demographics Total mFI score P value

0 1 2þ
Age (years)-median (IQR) 66 59-74 62 57-69 69 61-76 68 63-75
50-59 522 26.0% 292 38.6% 151 19.3% 79 17.0% .000
60-69 742 37.0% 290 38.4% 271 34.7% 181 38.8%
70-79 518 25.8% 134 17.7% 241 30.8% 143 30.7%
80-89 222 11.1% 40 5.3% 119 15.2% 63 13.5%

Sex
Female 1,527 76.2% 571 75.5% 607 77.6% 349 74.9% .473
Male 477 23.8% 185 24.5% 175 22.4% 117 25.1%

BMI
Underweight 54 2.8% 24 3.3% 24 3.2% 6 1.3% .000
Normal weight 545 28.2% 263 36.5% 202 26.6% 80 17.6%
Overweight 583 30.2% 234 32.5% 245 32.3% 104 22.9%
Obese 394 20.4% 118 16.4% 167 22.0% 109 24.0%
Severely obese 184 9.5% 44 6.1% 65 8.6% 75 16.5%
Morbidly obese 172 8.9% 37 5.1% 55 7.3% 80 17.6%

Race
White 1,590 79.3% 575 76.1% 619 79.2% 396 85.0% .000
Black 57 2.8% 14 1.9% 24 3.1% 19 4.1%
Asian 38 1.9% 15 2.0% 17 2.2% 6 1.3%
Other/unknown 319 15.9% 152 20.1% 122 15.6% 45 9.7%

ASA score
Healthy 71 3.5% 66 8.7% 3 0.4% 2 0.4% .000
Mild 852 42.5% 453 59.9% 331 42.4% 68 14.6%
Severe 988 49.3% 222 29.4% 421 53.9% 345 74.0%
Life threat 92 4.6% 15 2.0% 26 3.3% 51 10.9%

Wound categorization
Clean 1,966 98.1% 742 98.1% 770 98.5% 454 97.4% .793
Clean/contaminated 24 1.2% 9 1.2% 7 0.9% 8 1.7%
Contaminated 8 0.4% 2 0.3% 3 0.4% 3 0.6%
Dirty/infected 6 0.3% 3 0.4% 2 0.3% 1 0.2%

Smoking status
No 1,644 82.0% 607 80.3% 640 81.8% 397 85.2% .094
Yes 360 18.0% 149 19.7% 142 18.2% 69 14.8%

LOS (days)-median (IQR) 1 0-3 1 0-2 1 0-3 2 1-4 .000
Op time (mins)-median (IQR) 103 76.5-138 104 76-139 105 78-140 99 73-135 .875
Total 2,004 100.0% 756 37.7% 782 39.0% 466 23.3%

mFI, modified Fragility Index; IQR, interquartile range; BMI, body mass index; ASA, American Society of Anesthesiologists; LOS, length of stay (days).

D.R. Evans, E.B. Saltzman, A.T. Anastasio et al. JSES International 5 (2021) 212e219
was also performed using a univariate and multivariate logistic
model. This association was then further examined using a multi-
variate logistic regression control for potential confounders. A
P-value of less than .05 was considered statistically significant.
Statistical analysis was performedwith Stata, version 16 (StataCorp,
College Station, TX, USA).

Results

Patient demographics

A total of 2,025 patients who met study selection criteria were
identified in the NSQIP database, of whom, 2,004 patients had
complete data for calculation of the 5-item mFI. Most patients
identified were female (76.2%), Caucasian (79.3%), and nonsmokers
(82.0%), with a median patient age of 66 years (interquartile range
[IQR]: 59 e 74). The median BMI of the study cohort was 27.9 (IQR:
24.1 e 33.2). Almost all the patients (91.8%) had an American So-
ciety of Anesthesiologists class of either 2 (42.5%) or 3 (49.3%)
representing either mild or severe systemic disease, respectively.
Nearly all patients’ wounds were classified as clean (98.1%), the
median LOS was 1 day (IQR: 0-3 days), and a median operative time
was 103 minutes (IQR: 76.5 e 138 minutes).
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5-Item mFI scores

The calculated mFI ranged from 0 to 5. The number of patients
with each mFI level was follows: mFI ¼ 0 in 756 patients (37.7%),
mFI ¼ 1 in 782 patients (39.0%), mFI ¼ 2 in 400 patients (20.0%),
mFI ¼ 3 in 55 patients (2.7%), mFI ¼ 4 in 10 patients (0.5%), and
mFI¼ 5 in 1 patient (0.05%). Owing to lownumbers of patients with
mFI > 3, the scores were restratified into 0, 1, and 2 or greater. After
restratification, 466 patients (23.3%) had an mFI score of 2 or
greater.

mFI and 30-day postoperative outcomes and complications

Table II portrays the univariate analysis of complications and
the mFI score. An increasing mFI score was significantly
associated with an increased risk of readmission (odds
ratio [OR]: 1.61 [1.28 e 2.02], P < .001), mortality (OR: 2.39
[1.42 e 4.00], P ¼ .001), adverse hospital discharge (OR: 1.87
[1.62 e 2.14], P < .001), and any complication (OR: 1.60
[1.34 e 1.92], P < .001). Of the complications, a higher mFI score
was associated with a significantly higher rate of renal (OR: 3.68
[1.58 e 8.59], P ¼ .003) and hematological (OR: 1.60 [1.31 e1.94],
P < .001) complications.



Table II
Complications by mFI scores (univariate)

Complication Total 0 1 2þ P value Odds ratio P value 95% CI

Readmission 86 4.3% 21 2.8% 34 4.3% 31 6.7% .005 1.611 .000 1.28-2.02
Reoperation 53 2.6% 21 2.8% 21 2.7% 11 2.4% .903 1.043 .793 0.76-1.43
Mortality 13 0.6% 2 0.3% 4 0.5% 7 1.5% .027 2.387 .001 1.42-4.00
Discharge 297 14.8% 54 7.1% 125 16.0% 118 25.3% .000 1.866 .000 1.62-2.14
Any complication 185 9.2% 49 6.5% 71 9.1% 65 13.9% .000 1.551 .000 1.32-1.83
Clavien-Dindo 4 19 0.9% 7 0.9% 8 1.0% 4 0.9% .956 0.929 .789 0.54-1.60
Total 2,004 756 782 466

mFI, modified Fragility Index; 95% CI, 95% confidence interval.
P-values <.05 (bold) were considered statistically significant.

Table III
Complications vs mFI score components (univariate)

mFI components Readmission Reoperation Mortality

OR P value 95% CI OR P value 95% CI OR P value 95% CI

Diabetes 1.74 .022 1.08-2.79 0.90 .778 0.45-1.82 1.74 .358 0.53-5.68
COPD 2.02 .036 1.05-3.89 1.72 .222 0.72-4.09 1.10 .926 0.14-8.53
CHF 6.17 .000 2.25-16.94 3.44 .101 0.79-15.01 43.80 .000 12.46-154.02
Hypertension 1.50 .078 0.95-2.36 0.82 .468 0.47-1.41 2.65 .140 0.73-9.66
Functional status 3.05 .001 1.56-5.95 1.59 .379 0.56-4.51 5.92 .008 1.6-21.87

mFI components Adverse discharge Any complication Clavien-Dindo IV

OR P value 95% CI OR P value 95% CI OR P value 95% CI

Diabetes 1.61 .001 1.21-2.13 1.36 .126 0.92-2 0.46 .295 0.1-1.98
COPD 2.28 .000 1.54-3.39 2.28 .001 1.37-3.78 — — —

CHF 4.21 .001 1.85-9.58 5.45 .000 2.22-13.37 4.74 .138 0.61-37.01
Hypertension 2.33 .000 1.78-3.06 1.73 .003 1.21-2.48 1.09 .856 0.44-2.72
Functional status 5.22 .000 3.44-7.93 3.33 .000 1.95-5.66 2.29 .272 0.52-10.05

mFI, modified Fragility Index; OR, odds ratio; COPD, chronic obstructive pulmonary disease; CHF, congestive heart failure; 95% CI, 95% confidence interval.
P-values <.05 (bold) were considered statistically significant.

Table IV
Complications by mFI (multivariate)

mFI Readmission Reoperation Mortality

OR P value 95% CI OR P value 95% CI OR P value 95% CI

mFI
0 d d d d d d d d d

1 1.366 .291 0.77-2.44 1.000 .999 0.52-1.92 1.123 .898 0.19-6.65
2 þ 2.024 .026 1.09-3.76 0.894 .784 0.4-1.99 3.673 .131 0.68-19.89

Any complication Clavien-Dindo IV Discharge

OR P value 95% CI OR P value 95% CI OR P value 95% CI

mFI
0 d d d d d d d d d

1 .853 .464 0.56-1.3 0.572 .309 0.19-1.68 1.386 .095 0.95-2.03
2 þ 1.450 .106 0.92-2.27 0.393 .169 0.10-1.49 2.289 .000 1.53-3.43

mFI, modified Fragility Index; OR, odds ratio; 95% CI, 95% confidence interval.
P-values <.05 (bold) were considered statistically significant.
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mFI components and 30-day postoperative outcomes and
complications

Table III portrays the association between the five components
of the mFI score and 30-day postoperative complications. On uni-
variate analysis, each of the five mFI variables was independently
associated with higher rates of readmission with the exception of
HTN. All of the mFI variables were independently associated with
higher rates of adverse hospital discharge. Each of the mFI variables
was independently associated with higher rates of any complica-
tions with the exception of diabetes. CHF and nonindependent
functional status were independently associated with increased
mortality. On multivariate analysis, higher rates of readmission
were associated with CHF and nonfunctional status. Higher rates of
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adverse discharge were associated with patients who had chronic
obstructive pulmonary disease, HTN, and nonfunctional status.
Furthermore, patients with CHF had an increased risk of mortality
and any complication.

Multivariate analysis of the mFI score and 30-day postoperative
outcomes and complications

Table IV portrays the results of the multivariate analysis when
controlling for age, sex, BMI, race, smoking status, LOS, and oper-
ative time. After controlling for these variables, patients with an
mFI score of 2 or greater had an increased rate of readmission (OR:
2.02 [1.09 e 3.76], P ¼ .026) and adverse hospital discharge (OR:
2.29 [1.53 e 3.43], P < .001).
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Discussion

This analysis confirmed our hypothesis that the 5-item mFI
predicts complications after PHFs. In a sample size of 2,025 pa-
tients, 76.2% of patients who had received operative intervention
for PHFs were female. This finding is in congruence with previously
reported data, indicating a 70:30 predilection for female pop-
ulations.54 A high mFI score was a strong predictor for adverse
outcomes across a variety of complication categories. When all
complications were grouped together, rates of any complication
increased from 5% to 13% as the mFI score increased from 0 to 2 or
greater. The rates of renal and hematologic complications were
particularly affected by a higher mFI score. In the chronic kidney
disease population, a variety of markers of frailty including
depression and low testosterone levels were found to be inde-
pendent contributors to increased healthcare utilization and mor-
tality.72 Regarding hematologic complications, it is well
documented that elderly patients are at a particularly high risk of
hemorrhage-related issues, given generalized degradation of the
coagulation cascade and high likelihood of concomitant use of
anticoagulation for acute coronary syndrome, atrial fibrillation, and
a variety of other comorbidities.1,9,14,22,25,29,32,33,49,68 These data
taken together may indicate that particular attention should be
given to renal and hematologic status of patients with high levels of
fragility.

Predictive modeling indicates that the number of people older
than 60 years will increase to more than two billion by the year
2050.53 Thus, fracture management in the geriatric population will
remain of chief importance in the orthopedic community. The
incidence of PHFs is increasing, and PHFs have become the third
most common fracture type observed in elderly populations.26

PHFs have been found to carry similar morbidity and mortality as
compared with the hip fracture population.8 Optimal treatment for
these fractures is the topic of much continued debate, with hun-
dreds of studies comparing various surgical and nonoperative
methodologies.24,27,28,31,46e48,52,55,56,60,65,67,69

Emerging literature has demonstrated favorable outcomes
for both surgical and nonsurgical management of
PHFs.10,15,20,35,37,50,61,62,75,76 The Proximal Fracture of the Humerus
EvaluationbyRandomization (PROFHER) trial evaluated249patients
with PHFs who underwent fracture fixation, humeral head replace-
ment, or sling immobilization. This study found no significant
difference in the Oxford Shoulder Score between groups, with 39.07
points for the surgical group and 38.32 for the nonsurgical group,
suggesting that the increase in operative management of these
fractures is possibly unwarranted.50 A 2018 study evaluating 70 pa-
tients who underwent ORIF with locking plates found satisfactory
results with low complication rates at any age.75 However, another
study focused on patients older than 60 years and concluded that
ORIF with locking plates resulted in a 44% complication rate and a
34% failure rate.4 In a randomized control trial comparing reverse
total shoulder arthroplasty with ORIF, there was a significant mean
difference of 13.4 points in the Constant outcome score at 2-year
follow-up in favor of reverse total shoulder arthroplasty.20 There is
also evidence of low implant survival and low patient-reported
outcomes in patients who fail nonoperative treatment and subse-
quently undergo RSA, highlighting the importance of providing
optimal treatment during the initial intervention.36

Despite the large body of literature describing operative fixation
techniques for PHFs, emerging evidence suggests that nonoperative
management is adequate for geriatric patients or those with high
comorbidity burden.23,27 A recent randomized control trial evalu-
ating clinical outcomesat2 yearsbetween surgeryandnonoperative
treatment in patients older than 60 years with displaced 2-part
fractures of the proximal humerus found no difference in
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outcomes.27 A systematic review concluded that nonoperative
treatment of PHFs demonstrates high rates of radiographic healing,
good functional outcomes, and a modest complication rate.23

Notably, this review demonstrated a low rate of avascular necrosis
of the humeral head, affecting only 13 of 650 patients. Radiographic
unionwas 98%, and the overall complication rate was 13%.23

With mounting evidence in favor of nonoperative management
of PHFs, attention should be placed on optimal patient selection for
surgical intervention. Specific fracture patterns such as degree of
comminution and displacement guide treatment considerations,
but patient-specific health factors, must also factor into the deci-
sion to pursue nonoperative vs. surgical management. Conse-
quently, evidence-based risk factor assessment scores can have
particular importance in stratifying appropriate management of
PHFs, especially for geriatric patients and those with high comor-
bidity burden.

In treatment planning, there are two main categories of adverse
outcomes that warrant consideration: Surgical procedureespecific
complications and 2. general medical complications. In addition,
providers should be aware of the likelihood of greatly increased
hospital resource utilization parameters in the decision between
operative and nonoperative management. The United States health
system spends roughly twice as much as other high-income
countries on medical care.44 While optimal management of the
patient in question must always trump cost consideration, when
two equally efficacious treatments are available, the lower cost
option is the responsible choice. In treatment planning, orthopedic
surgeons are likely to consider surgical procedureespecific com-
plications but may be less adept at predicting markers of fragility
which are correlated with the likelihood of development of adverse
medical complications postoperatively.3 Rates of medical and sur-
gical complications as well as healthcare resource utilization met-
rics are all higher in patients with high markers of fragility across
multiple surgical fields.12,21 In patients with high frailty status as
measured by the Frailty Phenotype and Frailty Index scores, out-
comes were significantly worse after elective orthopedic surgical
procedures.12 Furthermore, poor outcomes in a geriatric population
with a variety of fracture types were noted in patients with a high
FRAIL scale (a short 5-question assessment of fatigue, resistance,
aerobic capacity, illnesses, and loss of weight).21

From a hospital resource utilization standpoint, 30-day read-
mission rate increased from 3% to 7% and the rate of discharge to
rehabilitation facility increased from 8% to 33% as the mFI score
increased from 0 to 2 or greater. We add to the literature another
risk factor metric which can be utilized for treatment stratification
for PHFs. The Elixhauser measure for mortality prediction has been
shown to effectively predict mortality as well as likelihood for
development of postoperative complications after fixation of these
fractures.38 Furthermore, a recent study indicated that factors such
as insurance status, geographic region, timing of emergency
department visit, Charlson Comorbidity Index, and hospital type
are associated with inpatient admission for PHFs, lengthening the
hospital stay and increasing the total cost.39 While a variety of risk
factor scoring systems exists, we intentionally utilized the 5-item
mFI in this analysis for several reasons. First, to increase orthope-
dic surgeon consideration of patient fragility in the surgical
decision-making process for PHFs, a simple yet effective tool is
optimal. The 5-item mFI takes less time to administer than the 11-
item mFI and other risk factor assessment tools and is also easily
amenable to memorization. In addition, the 5-item mFI when
compared with the 11-item mFI appears equally efficacious, and it
has been utilized already to describe complication risk after frac-
tures of the distal radius.64,71

Any large database study has several inherent limitations, and
the NSQIP database is not immune from restrictions in application
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of data obtained within. First, there is ongoing debate about clinical
significance of findings that achieve statistical significance despite
a small effect size given a very large sample pool.34We demonstrate
sizeable differences between cohorts (for example, the rate of
discharge to rehabilitation facility increasing from 8% to 33% as the
mFI score increased from 0 to 2 or greater) that would likely remain
statistically significant even in smaller sample sizes. These findings
are very likely to be clinically significant in the assessment of pa-
tients with high degree of fragility. As another limitation, the NSQIP
is not an orthopedic surgeryespecific database. Thus, it does not
allow for inclusion of many outcomes of special interest, such as
specific neurovascular compromise, malunion and nonunion rates,
radiographic alignment parameters, hardware-specific complica-
tion rates, postoperative range of motion, and patient-reported
postoperative functionality metrics. It is reasonable to assume
that several of these outcomes would be adversely affected by a
higher mFI score, and future work should aim to quantify these
effect sizes.

A third limitation is the NSQIP database documents complica-
tions only if they occurred within a 30-day window after surgery
and only patients undergoing surgery in the hospital setting are
included. For this reason, complications occurring more than 30
days after surgery and patients who received their surgery at an
ambulatory surgery center were not included in our multivariate
regression model. As a final limitation, the NSQIP database does not
allow for stratification between various forms of operative inter-
vention for PHFs (for example, whether a patient received ORIF or
RSA). The intention of our study was not to directly compare these
treatment modalities but rather to quantify the effect of high mFI
scores on patients undergoing operative treatment of PHFs,
encompassing all fixation strategies as well as RSA. Furthermore,
the database does not allow for stratification within RSA under-
taken for treating either osteoarthritis or PHF, ultimatley resulting
in an unknown number of PHFs treated by RSA not being included
in the analysis.

Regardless of these limitations, we demonstrate markedly
worse outcomes with high mFI scores, indicating that caution
should be taken in choosing any form of operative intervention in
patients with a high comorbidity burden. Future research should
aim to perform a subgroup analysis on various surgical in-
terventions for PHFs to delineate mFI efficacy in predicting risk for
specific procedures.
Conclusion

Nonoperative vs. surgical management stratification of PHFs
remains a topic of much debate within the orthopedic community.
Given a significantly higher risk of adverse outcomes after surgical
treatment for these fractures in patients with a high mFI score,
comorbidity burden should contribute to treatment planning. The
5-item mFI is a simple, easily memorizable tool orthopedic sur-
geons can use to help risk stratify their patients. Future research
should elaborate on mFI contribution to orthopedic-specific com-
plications after PHFs not contained within the NSQIP and to elab-
orate on complications occurring outside of the 30-day
postoperative window.
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