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Abstract

Objectives: This study was conducted to determine if factors comprising the mFI were correlated with
adverse outcomes following surgical intervention of tibial shaft fractures.

Methods: We identified patients 50 years or older with tibial shaft fractures that were managed surgically from a
national database from 2007-2019. The 5-item mFI score, which comprised of diabetes, hypertension, congestive
heart failure, dependent functional status, and chronic obstructive pulmonary disease, was calculated for each
patient. Regression analysis was used to evaluate the association of different mFl scores with thirty-day
postoperative outcomes.

Results: 1,159 total patients (mean age of 65 years) were included in this study. After controlling for confounding
variables on multivariate analysis, compared to patients with a mFI of 0, those with a score of 1 had an increased
risk of major complications (OR 5.11; p=0.038), minor complications (OR 3.11; p=0.004), readmission (OR 2.75;
p=0.020), postoperative transfusion (OR 2.22; p=0.037), prolonged hospital stay (OR 1.88; p<0.001), and non-home
discharge (OR 1.52; p=0.014). Similar increased risk of complications was seen for patients with a mFI of 2
compared to those with a score of 0: major complications (OR 9.49; p=0.004), readmission (OR 3.73; p=0.003),
postoperative transfusion (OR 4.07; p<0.001), prolonged hospital stay (OR 2.50; p<0.001), and non-home discharge
(OR 2.32; p<0.001).

Conclusion: Higher scores on the mFI were associated with higher complication rates in patients following surgical
treatment of tibial shaft fractures. The modified frailty index is a useful tool for surgeons to assess risk before

operation.

Level of evidence: Il
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Introduction

I ibial shaft fractures account for nearly 2% of all
adult fractures and have been reported to have a
one-year mortality rate up to 42% in patients older
than 75.13 Most closed tibial shaft fractures in adults are
managed surgically with open reduction and internal
fixation (ORIF) or intramedullary nail (IMN) fixation.*t
There have been numerous factors reported to lead to
varied outcomes following surgical treatment of tibial shaft
fractures.
The modified frailty index is a 5-factor index includes five
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medical comorbidities that are equally weighted to predict
risks, outcomes, and complications and includes the
following factors: diabetes mellitus, chronic obstructive
pulmonary disease (COPD) or recent pneumonia diagnosis,
hypertension requiring medication, congestive heart failure
(CHF), and functional status.” Previous studies have shown
that the modified frailty index is associated with poor
outcomes across a wide breadth of surgeries.? Phen et al.
recently reported that frailty, defined using the modified
frailty index, and malnutrition were risk factors for
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complications following tibial shaft fractures. Notably, the
patient population only featured patients under the age of
65. With frailty primarily impacting older populations,
thereis currently a gap in literature looking at the combined
effects of various comorbidities on outcomes following
surgical fixation of tibial shaft fractures in these older
groups. Additionally, there appears to be some conflicting
evidence regarding whether the factors that comprise the
mFI affect outcomes following tibial shaft fracture. A recent
systematic review showed that smoking had a detrimental
effect on healing of tibial shaft fractures, while a cohort
study found that diabetes, age, sex, and smoking status did
not influence union time for open tibial shaft fractures.410

Therefore, this study was conducted to determine if
factors comprising the mFI were correlated with adverse
outcomes following surgical intervention of tibial shaft
fractures. We hypothesized that patients with higher mFI
scores would have higher rates of both major and minor
complications.

Materials and Methods

The American College of Surgeons National Surgical
Quality Improvement Program (ACS-NSQIP) database from
2007-2019 was used for this retrospective analysis. All
patient data is deidentified, and previous research has
described in depth the various variables that were collected
from the database.11.12

Patient Selection

Using International Classification of Diseases (ICD), Ninth
Revision and Tenth Revision, diagnosis codes, we identified
patients with tibial shaft fractures. Current Procedural
Terminology codes were then used to identify patients who
were treated with ORIF or IMN. Patients with missing
baseline demographics data, such as gender or race, were
excluded from the study. Patients less than 50 years old were
also excluded, as frailty is mainly associated with aging and
it is less clinically relevant in younger patients.!3 Patients
with missing data for variables included in the mFI score
calculation were further excluded.

Patient Characteristics

Various patient characteristics were collected, including
age, gender, race, body mass index (BMI), and American
Society of Anesthesiologists (ASA) score. BMI was further
sub-categorized into different weight classes: underweight
(<18.5 kg/m?), normal weight (18.5-24.9), overweight
(25.0-29.9), obese (30.0-34.9), severely obese (35.0-39.9),
and morbidly obese (>40.0).

The 5-item mFI score was calculated for each patient by
matching the variables in NSQIP to the original frailty index
as described by Velanovich et al.8314 The 5-item mFI is a
validated index that has been used widely in surgical
fields.131> One point was assigned to each of the 5
conditions listed as part of the mFI and mFI scores were
calculated by taking the sum of points for each individual.
These comorbid variables included diabetes mellitus, CHF,
hypertension, COPD or pneumonia, and dependent
functional status [Table 1]. Patients who had a dependent
functional status were defined as those needing the help of
another individual for everyday living activities, such as
feeding, bathing, and dressing.
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Table 1. The Five Items Included in the 5-item mFI

Items
1. Diabetes mellitus: non-insulin or insulin dependent
2. CHF within 30 days before surgery
3. Hypertension requiring medication
4. History of COPD or pneumonia

5. Partially or totally dependent functional health status before surgery

mFI, modified frailty index; CHF, congestive heart failure; COPD; chronic
obstructive pulmonary disease.

Postoperative Outcomes

The thirty-day outcomes analyzed included major and
minor complications. Based on past literature, major
complications included cardiac arrest, pulmonary embolism,
unplanned reintubation, myocardial infarction, sepsis, septic
shock, renal failure, or mortality; minor complications
included urinary tract infection, deep vein thrombosis,
pneumonia, or superficial/deep surgical site infection.1®
Other outcomes assessed included readmission, revisit to the
surgical suite, postoperative bleeding requiring transfusion,
prolonged hospital stay, and discharge to a non-home
location. Extended length of hospital stay was specified as
more than three days.!”

Statistical Analysis

Baseline patient characteristics were analyzed using
descriptive analyses. Multiple regression models were then
used to further analyze the differences in postoperative
outcomes among the varying mFI scores. The multiple
regression analyses controlled for gender, age, race, BMI, and
total operation time, and these results were reported as odds
ratios with 95% confidence intervals. Statistical significance
was determined by a p-value less than 0.05 and all analyses
were done utilizing the Statistical Package for the Social
Sciences Version 28 software.

Results
Characteristics

Overall, 1,159 patients undergoing operative treatment for
tibial shaft fracture were included in the study [Table 2]. The
mean patient age was 65 years, and 58.0% were female. The
mean patient BMI was 29.2 kg/m?, with 32.7% being
overweight, 23.0% being normal weight, and 20.8% being
obese. The most common race for the patients was White
(79.6%) and most of the patients had an ASA score of III
(54.3%). Since the majority of the patients had an mFI score
of 0 (35.5%), 1 (34.7%) or 2 (22.4%), patients with an mFI
score of 3 (6.6%), 4 (0.7%), or 5 (0.2%) were combined with
the patients who had a score of 2, which is consistent with
prior studies [Table 2].18

Postoperative Complications

After conducting a bivariate analysis, when compared to
patients with an mFI of 0, those with an mFI of 1 were more
likely to develop major complications (p=0.006), minor
complications (p=0.002), require readmission (p=0.005),
postoperative transfusion (p=0.003), prolonged hospital
stay (p<0.001), and be discharged to a destination other than
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home (p<0.001). Also relative to patients with an mFI of 0,
those with an mFI of 2 or greater had increased likelihood of
experiencing major complications (p<0.001), readmission
(p<0.001), postoperative transfusion (p<0.001), extended
length of hospital stay (p<0.001), and non-home discharge
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(p<0.001). In comparison to an mFI of 1, an mFI of 2 or
greater were more likely to develop major complications
(p=0.041), postoperative transfusion (p=0.022), prolonged
hospital stay (p=0.008), and discharge to a non-home
location (p<0.001) [Table 3].

Table 2. Baseline Characteristics for Tibial Shaft Fracture Patients

Variable Overall
Total patients, n 1,159
Gender, %
Female 58.0
Male 42.0
Age, mean (SD), years 64.81 (10.59)
BM], mean (SD), kg/m? 29.17 (7.56)
BMI Category, %
Underweight (<18.5) 4.2
Normal Weight (18.5-24.9) 23.0
Overweight (25.0-29.9) 32.7
Obese (30.0-34.9) 20.8
Severely Obese (35.0-39.9) 10.2
Morbidly Obese (>40.0) 7.2
Race, %
White 79.6
Black or African American 9.7
Hispanic 7.8
American Indian 0.6
Asian 2.1
Native Hawaiian or Pacific Islander 0.3
ASA Class, %
I 3.0
I 349
i 54.3
v 7.8
mFI Score, %
0 35.5
1 34.7
2 22.4
3 6.6
4 0.7
5 0.2
SD, standard deviation; BMI, body mass index; ASA, American Society of Anesthesiologists; mFI, modified frailty index.

Table 3. Bivariate Analysis of Complications for Tibial Shaft Fracture Patients

Complications mFI 0 mFI 1
Total patients, n 411 402
Major complication, n (%) ** 2(0.5) 12 (3.0)
Minor complication, n (%) 11 10 (2.4) 28 (7.0)
Readmission, n (%) 8(2.6) 22 (7.6)
Reoperation, n (%) 4 (1.0) 8 (2.0)

p-value: mFI 1 mFI > 2 p-value: mFI > p-value: mFI
vs mFI 0 2 vs mFI 0 >2vsmFI 17
346
0.006 21 (6.1) <0.001 0.041
0.002 17 (4.9) 0.067 0.239
0.005 30 (11.1) <0.001 0.155
0.231 8(2.3) 0.143 0.761
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Table 3. Continued

Postoperative transfusion, n (%) 11 (2.7) 29(7.2) 0.003 42 (12.1) <0.001 0.022
Extended length of stay (> 3 days), n (%) 134 (32.6) 211 (52.5) <0.001 215 (62.1) <0.001 0.008
Non-home discharge, n (%) 114 (28.9) 182 (47.6) <0.001 211 (63.2) <0.001 <0.001

f[Pearson’s chi-squared test

**Includes cardiac arrest, pulmonary embolism, myocardial infarction, unplanned intubation, sepsis, septic shock, acute renal failure, or mortality.
ttIncludes urinary tract infection, pneumonia, deep venous thrombosis, superficial surgical site infection, or deep surgical site infection.

Bolding equals significance p<0.05

mFI, modified frailty index.

After controlling for patient demographics on score of 0: major complications (OR 9.49; 95% CI 2.02 to

multivariate analysis, compared to an mFI of 0, an mFI of 1
had an increased risk of major complications (OR 5.11;
95% CI 1.09 to 23.95; p=0.038), minor complications (OR
3.11;95% CI 1.43 to 6.77; p=0.004), readmission (OR 2.75;
95% CI 1.17 to 6.48; p=0.020), postoperative transfusion
(OR 2.22; 95% CI 1.05 to 4.71; p=0.037), prolonged
hospital stay (OR 1.88; 95% CI 1.38 to 2.55; p<0.001), and
non-home discharge (OR 1.52; 95% CI 1.09 to 2.12;
p=0.014). Similar increased risk of complications were

44.54; p=0.004), readmission (OR 3.73; 95% CI 1.56 to
8.91; p=0.003), postoperative transfusion (OR 4.07; 95% CI
1.90 to 8.69; p<0.001), prolonged hospital stay (OR 2.50;
95% CI 1.78 to 3.52; p<0.001), and non-home discharge
(OR 2.32; 95% CI 1.61 to 3.35; p<0.001). Compared to an
mFI of 1, an mFI of 2 or greater had a heightened risk of
postoperative transfusion (OR 1.74; 95% CI 1.02 to 2.95;
p=0.041) and discharge to a location other than home (OR
1.63; 95% CI 1.17 to 2.28; p=0.004) [Table 4].

seen for patients with a mFI of 2 compared to those with a

Table 4. Multivariate Analysis of Complications for Tibial Shaft Fracture Patients

Complications mFI 1 (reference group is mFI 0) mFI > 2 (reference group is mFI 0) mFI > 2 (reference group is mFI 1)

p-value Odds ratio (95% CI) p-value 0Odds ratio (95% CI) p-value 0dds ratio (95% CI)
Major complication** 0.038 5.114 (1.092 to 23.952) 0.004 9.488 (2.021 to 44.542) 0.075 1.993 (0.934 to 4.256)
Minor complicationtt 0.004 3.107 (1.425 to 6.772) 0.175 1.869 (0.757 to 4.611) 0.219 0.668 (0.351 to 1.271)
Readmission 0.020 2.754 (1.170 to 6.478) 0.003 3.725 (1.558 t0 8.910) 0.321 1.358 (0.742 to 2.484)
Postoperative transfusion 0.037 2.221 (1.048 to 4.705) <0.001 4.066 (1.904 to 8.686) 0.041 1.736 (1.022 to 2.947)
Extended length of stay (> 3 days) <0.001 1.875 (1.381 to 2.545) <0.001 2.503 (1.782 to 3.517) 0.091 1.308 (0.958 to 1.785)
Non-home discharge 0.014 1.517 (1.087 to 2.117) <0.001 2.321 (1.607 to 3.352) 0.004 1.632 (1.166 to 2.283)

**Includes cardiac arrest, pulmonary embolism, myocardial infarction, unplanned intubation, sepsis, septic shock, acute renal failure, or mortality.
ttIncludes urinary tract infection, pneumonia, deep venous thrombosis, superficial surgical site infection, or deep surgical site infection.

Bolding equals significance p<0.05

mFIl, modified frailty index; CI, confidence interval.

We did a further stratified analysis looking at only
patients with an mFI score of 2 (not including 3, 4, 5) and
comparing them to an mFI score of 0 and 1 [Supplemental
Table 1]. This new stratified analysis continued to show
that mFI scores of 2 were more likely experience major
complications  (p<0.001), readmission (p=0.019),
postoperative transfusion (p<0.001), extended length of

stay (p<0.001), and non-home discharge (p<0.001) when
compared to patients with an mFI score of 0. When
compared to mFI scores of 1, mFI scores of 2 only had
significantly higher rates of postoperative non-home
discharge (p<0.001) [Supplemental Table 2].

Supplemental Table 1. Baseline Characteristics for Tibial Shaft Fracture Patients

Variable
Total patients, n

Gender, %

Female

Male

Age, mean (SD), years

Overall
1,073

58.1
419
64.81 (10.59)
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Supplemental Table 1. Continued

BMI, mean (SD), kg/m2 29.17 (7.56)
BMI Category, %

Underweight (<18.5) 4.4
Normal Weight (18.5-24.9) 24.4
Overweight (25.0-29.9) 323
Obese (30.0-34.9) 20.8
Severely Obese (35.0-39.9) 9.8
Morbidly Obese (>40.0) 6.4
Race, %

White 79.7
Black or African American 10.1
Hispanic 7.5
American Indian 0.5
Asian 2.1
Native Hawaiian or Pacific Islander 0.3
ASA Class, %

I 3.3
)i 37.7
il 52.9
v 6.2
mFI Score, %

0 383
1 37.5
2 24.2

SD, standard deviation; BMI, body mass index; ASA, American Society of Anesthesiologists; mFI, modified frailty index.

Supplemental Table 2. Bivariate Analysis of Complications for Tibial Shaft Fracture Patients

Complications mFI 0 mFI 1 p-value: mFI 1 mFI 2 p-value: mFI 2 p-value: mFI
vs mFI 0 vs mFI 0 2vsmFI 1Y
Total patients, n 411 402 260
Major complication, n (%) ** 2(0.5) 12 (3.0) 0.006 13 (5.0) <0.001 0.184
Minor complication, n (%) 11 10 (2.4) 28 (7.0) 0.002 9 (3.5) 0.434 0.055
Readmission, n (%) 8(2.6) 22 (7.6) 0.005 14 (6.8) 0.019 0.749
Reoperation, n (%) 4 (1.0) 8(2.0) 0.231 6 (2.3) 0.166 0.781
Postoperative transfusion, n (%) 11 (2.7) 29(7.2) 0.003 30 (11.5) <0.001 0.057
Extended length of stay (> 3 days), n (%) 134 (32.6) 211 (52.5) <0.001 150 (57.7) <0.001 0.189
Non-home discharge, n (%) 114 (28.9) 182 (47.6) <0.001 158 (62.0) <0.001 <0.001

f[Pearson’s chi-squared test

**Includes cardiac arrest, pulmonary embolism, myocardial infarction, unplanned intubation, sepsis, septic shock, acute renal failure, or mortality.
ttIncludes urinary tract infection, pneumonia, deep venous thrombosis, superficial surgical site infection, or deep surgical site infection.

Bolding equals significance p<0.05

mFIl, modified frailty index.

When conducting a multivariate analysis with this new 95% CI 2.12 to 10.72, p<0.001), extended length of stay
stratified cohort, patients with a score of 2 had significantly (OR 2.06, 95% CI 1.43 to 2.96; p<0.001), and non-home
higher odds of major complications (OR 9.34, 95% CI 1.83 discharge (OR 2.40, 95% CI 1.61 to 3.56; p<0.001), but no

to 47.77; p=0.007), postoperative transfusion (OR 4.77, longer had significantly increased odds of readmission (OR
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2.48,95% CI 0.92 to 6.72; p=0.073) as seen in the initial
analysis. When compared to mFI scores of 1, patients with
an mFI score of 2 had significantly higher odds of
postoperative transfusion (OR 1.78, 95% CI 1.00 to 3.17;

p=0.050), and non-home discharge (OR 1.62,95% CI 1.13
to 2.32; p=0.009) [Supplemental Table 3].

Supplemental Table 3. Multivariate Analysis of Complications for Tibial Shaft Fracture Patients
Complications mFI 1 (reference group is mFI 0) mFI 2 (reference group is mFI 0) mFI 2 (reference group is mFI 1)
p-value 0dds ratio (95% CI) p-value 0dds ratio (95% CI) p-value 0dds ratio (95% CI)
Major complication** 0.038 5.114 (1.092 to 23.952) 0.007 9.344 (1.828 t0 47.767) 0.223 1.680 (0.730 to 3.867)
Minor complicationtt 0.004 3.107 (1.425t0 6.772) 0.381 1.594 (0.562 to 4.525) 0.062 0.473 (0.216 to 1.039)
Readmission 0.020 2.754 (1.170 to 6.478) 0.073 2.484 (0.918 to 6.726) 0.667 0.853 (0.414 to 1.759)
Postoperative transfusion 0.037 2.221 (1.048 to 4.705) <0.001 4.766 (2.119to0 10.718) 0.050 1.780 (1.001 to 3.166)
Extended length of stay (> 3 days) <0.001 1.875 (1.381 to 2.545) <0.001 2.057 (1.428 t0 2.963) 0.587 1.097 (0.785 to 1.533)
Non-home discharge 0.014 1.517 (1.087 to 2.117) <0.001 2.398 (1.614 to 3.562) 0.009 1.619 (1.129 to 2.321)

**Includes cardiac arrest, pulmonary embolism, myocardial infarction, unplanned intubation, sepsis, septic shock, acute renal failure, or mortality.
ttIncludes urinary tract infection, pneumonia, deep venous thrombosis, superficial surgical site infection, or deep surgical site infection.

Bolding equals significance p<0.05
mFI, modified frailty index; CI, confidence interval.

Discussion

The primary finding of this study revealed that mFI scores
of 1 exhibited significantly higher rates of both major and
minor complications when compared to mFI scores of 0. The
same results were also seen when comparing an mFI of 2 to
an mFI of 0. A higher rate of major complications such as
cardiac arrest, pulmonary embolism, or sepsis, was seen in
patients with an mFI score of 2 or above compared to those
with a score of 1; however, this was not seen when only
comparing patients with an mFI of 2 and patients with an
mFI of 1.

Comorbidity indexes are commonly utilized to risk stratify
certain patient groups, especially the elderly. Historically, the
Charlson Comorbidity Index (CCI) as well as the Elixhauser
Comorbidity Measure (ECM) have been used to predict the
risk of adverse outcomes from surgical intervention; higher
scores on both the CCI and ECM have been linked with
negative outcomes including complications or mortality.19-23
However, the CCI and ECM take into account 17 and 30
comorbidities in their indices, which can be time-consuming
to calculate.

The 5-factor modified frailty index was created as a more
efficient method of risk stratifying patients, and has
performed similarly to other indices.2425 It has been widely
studied within the realm of orthopedics and previous
literature has shown its strength in predicting unfavorable
outcomes, readmission, and mortality especially within
trauma.? 2630 Phen and colleagues observed that patients
under 65 who were either frail (defined as mFI of 2 or above
and albumin levels of over 3.5 g/dL) and/or malnourished
(mFI of 1 or lower and albumin levels below 3.5 g/dL) had
significantly elevated rates of postoperative complications
and mortality following lower extremity trauma surgeries
when compared with their healthy counterparts. Similarly,

Tracy et al. reported that trauma patients with elevated mFI
scores exhibited increased frequency of unplanned
intubations, admission to an intensive care unit,
complications, and mortality.3! Our study yields similar
conclusions, as patients with higher scores on the mFI had
higher rates of both major and minor complications.

Comorbidities included in the modified frailty index have
previously been studied in isolation in tibial fractures.”.2132
Saiz Jr. and colleagues investigated several patient
comorbidities following open tibial fractures and found that
that COPD, hypertension, diabetes, and congestive heart
failure were all independently associated with higher
infection rates.33 Similarly, when managing open tibial shaft
fractures, Upfill-Brown et al. reported that diabetes and
COPD were both linked with higher likelihood of
postoperative blood transfusions in patients treated
operatively for open tibial shaft fractures and that CHF and
hypertension were both independently associated with
higher complication rates.3* While these comorbidities
within the mFI have been studied as independent risk
factors, as a whole, our study shows that a higher mFI score
is also associated with higher transfusion and complication
rates. The mFI-5 incorporates these established risk factors
and can more effectively identify at-risk patients than
looking at these factors individually.

This study is not without limitations. Similar to other
database studies, these results are limited by inaccurate
reporting or coding errors that may come with retrospective
analysis. Also, our study only observed complications that
occurred within a 30-day post-operative window, and
therefore did not account for complications after 30 days.
Future studies should be conducted to evaluate longer-term
outcomes. Tibial shaft fractures often occur in polytrauma
patients, but these concomitant injuries were not included in
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the analysis. In addition, we did not categorize the severity of
the complications seen with increased mFI. Future
investigation should focus on the severity of different
complications seen with increased mFI scores. Lastly, while
frailty index scores are simple to calculate, they may miss the
nuance that comes from a formal clinical examination
performed by a geriatrician. Despite these limitations, our
findings suggest that the mFI is quick and useful to help
identify risk within certain patient populations for surgical
intervention for tibial shaft fractures.

Conclusion

Higher scores on the mFI were associated with higher
complication rates in patients following surgical treatment
of tibial shaft fractures. The modified frailty index is
valuable for surgeons to assess risk before operation.
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