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A B S T R A C T   

Purpose: For polytrauma patients with bilateral femoral shaft fractures (BFSF), there is currently no consensus on 
the optimal timing of surgery. This study assesses the impact of early (≤ 24 h) versus delayed (>24 h) definitive 
fixation on clinical outcomes, especially focusing on concomitant versus staged repair. We hypothesized that 
early definitive fixation leads to lower mortality and morbidity rates. 
Methods: The 2017–2020 Trauma Quality Improvement Program was used to identify patients aged ≥16 years 
with BFSF who underwent definitive fixation. Early definitive fixation (EDF) was defined as fixation of both 
femoral shaft fractures within 24 h, delayed definitive fixation (DDF) as fixation of both fractures after 24 h, and 
early staged fixation (ESF) as fixation of one femur within 24 h and the other femur after 24 h. Propensity score 
matching and multilevel mixed effects regression models were used to compare groups. 
Results: 1,118 patients were included, of which 62.8% underwent EDF. Following propensity score matching, 279 
balanced pairs were formed. EDF was associated with decreased overall morbidity (12.9% vs 22.6%, p = 0.003), 
lower rate of deep venous thrombosis (2.2% vs 6.5%, p = 0.012), a shorter ICU LOS (5 vs 7 days, p < 0.001) and a 
shorter hospital LOS (10 vs 15 days, p < 0.001). When compared to DDF, early staged fixation (ESF) was 
associated with lower rates of ventilator acquired pneumonia (0.0% vs 4.9%, p = 0.007), but a longer ICU LOS (8 
vs 6 days, p = 0.004). Using regression analysis, every 24-hour delay to definitive fixation increased the odds of 
developing complications by 1.05, postoperative LOS by 10 h and total hospital LOS by 27 h. 
Conclusion: Early definitive fixation (≤ 24 h) is preferred over delayed definitive fixation (>24 h) for patients 
with bilateral femur shaft fractures when accounting for age, sex, injury characteristics, additional fractures and 
interventions, and hospital level. Although mortality does not differ, overall morbidity and deep venous 
thrombosis rates, and length of hospital and intensive care unit stay are significantly lower. When early definitive 
fixation is not possible, early staged repair seems preferable over delayed definitive fixation.   

Introduction 

Femoral shaft fractures are a major cause of mortality and morbidity, 
with an incidence of 10 to 20 per 100,000 person-years [1,2]. Bilateral 
femoral shaft fractures (BFSF) indicate a high-energy mechanism, are 
associated with concomitant injuries, and often result in suboptimal 
outcomes [3–8]. 

A multitude of patient-, physician-, and institution-related factors 
influence the decision about type and timing of BFSF fixation [9–13]. 
Surgical options such as early definitive repair of both fractures, staged 
repair of one after the other, or damage-control surgery with only 
temporary repair at the beginning (i.e. external fixation) and definitive 
care at a later stage, are in the center of the debate for optimal treatment 
[14–17]. 
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Intramedullary nailing (IMN) within 24 h is the preferred method of 
surgical repair for unilateral femoral shaft fractures [9,18,19]. In 
contrast, no consensus exists for the treatment of BFSF [3,20–22]. 
Flagstad et al. demonstrated the influence of separate treating in-
stitutions on the treatment strategy of BFSF [22], suggesting that pref-
erences of the surgeons may supersede clinical indications and 
guidelines. 

The aim of this study is to evaluate the effect of early (≤ 24 h) versus 
delayed (>24 h) definitive fixation of BFSF on clinical outcomes, espe-
cially focusing on concomitant versus staged repair of the two femur 
fractures. 

Methods 

Data source 

We performed a retrospective analysis of the American College of 
Surgeons Trauma Quality Improvement Program Participant Use File 
from 2017 to 2020 [23–25]. The International Classification of Diseases, 
10th revision (ICD-10) Clinical Modification and Procedure Coding 
System codes was used to code for all diagnoses and procedures. 

Patient selection 

We included all patients who were 1) 16 years of age or older, 2) had 
BFSF and 3) underwent definitive fixation of both femoral shaft frac-
tures. Patients who underwent interfacility transfer, were discharged or 
deceased within 24 h, or had missing data for variables used in the 
analyses were excluded. Temporary fixation of femoral shaft fractures 
was not considered an exclusion criterion, provided that patients sub-
sequently proceeded to definitive fixation. 

Clinical variables 

We collected patient demographics and comorbidities, as well as 
injury-, clinical- and hospital-specific variables (Table 1). Demographics 
included age, sex, race, and insurance status. Race was reported in 
accordance with the National Trauma Data Standard data dictionary as 
White, Black or African American, Asian, and other race [26]. Insurance 
status was categorized as private or commercial insurance, government 
insurance, self-pay, or other. Patient comorbidities included body mass 
index, smoking status, chronic obstructive pulmonary disease, bleeding 
disorders, diabetes, hypertension, chronic kidney disease and function-
ally dependent health status, defined as the inability of the patient to 
complete activities of daily living. Injury-specific variables included 
injury severity score (ISS), regional abbreviated injury score (AIS) for 
head, thorax, abdomen, external and face, and Glasgow coma scale 
(GCS) at admission [26]. Severe traumatic brain injury (TBI), severe 
chest trauma, and severe abdominal trauma were defined as an AIS for 
head, thorax, and abdomen of ≥3 respectively. Emergency department 
(ED) variables included shock, respiratory assistance, and discharge 
disposition. Shock was defined as a systolic blood pressure equal or less 
than 90 mmHg. 

BFSF and additional orthopedic injuries were abstracted using ICD- 
10 diagnosis codes (Supplementary Table 1). Definitive fixation pro-
cedures and operative procedures were abstracted using ICD-10 proce-
dural codes (Supplementary Table 2). Additionally, we coded for early 
non-orthopedic interventions that may influence time to definitive fix-
ation. Early non-orthopedic interventions were defined as laparotomy, 
thoracotomy, neurosurgical intervention within 24 h, or blood trans-
fusion within 4 h. Neurosurgical intervention was defined as a crani-
otomy, craniectomy, intraventricular drain placement, or intracranial 
pressure monitoring within 24 h. Hospital characteristics such as the 
American College of Surgeons trauma center designated level and 
teaching status were reported as described within the database. 

Exposure 

The time to definitive fixation of a femoral shaft fracture was defined 
as the interval in minutes between the time of admission and time of the 
procedure. Early definitive fixation (EDF) was defined as fixation of both 
femoral shaft fractures within 24 h; delayed definitive fixation (DDF) 
was defined as fixation of both femoral shaft fractures after 24 h. Early 
staged fixation (ESF) was defined as fixation of one femur within 24 h 

Table 1 
Baseline characteristics before matching.   

Early definitive 
fixation 

Delayed definitive 
fixation 

p-value  

N = 702 N = 416  

Age, median (IQR) 27 (21–38) 32 (24–44.5) <0.001 
Male gender, n (%) 416 (59.3%) 275 (66.1%) 0.023 
Race, n (%)   0.56 

White 436 (62.1%) 239 (57.5%)  
Black or African 
American 

168 (23.9%) 107 (25.7%)  

Asian 15 (2.1%) 9 (2.2%)  
Other Race 64 (9.1%) 46 (11.1%)  

Insurance, n (%)   0.10 
Private/Commercial 
Insurance 

359 (51.1%) 206 (49.5%)  

Government 184 (26.2%) 130 (31.3%)  
Self-Pay 97 (13.8%) 38 (9.1%)  
Other 48 (6.8%) 32 (7.7%)  

Smoker, n (%) 160 (22.8%) 93 (22.4%) 0.87 
BMI, median (IQR) 27.3 (23.6–32.0) 27.3 (23.3–32.9) 0.86 
COPD, n (%) 8 (1.1%) 9 (2.2%) 0.18 
Bleeding disorder, n (%) 1 (0.1%) 1 (0.2%) 0.71 
Diabetes, n (%) 36 (5.1%) 37 (8.9%) 0.014 
Hypertension, n (%) 63 (9.0%) 60 (14.4%) 0.005 
Dependent in ADL, n (%) 12 (1.7%) 17 (4.1%) 0.016 
Chronic kidney disease, n 

(%) 
2 (0.3%) 9 (2.2%) 0.002 

ISS, median (IQR) 16 (10–22) 25 (16–34) <0.001 
GCS, median (IQR) 15 (14–15) 14 (6–15) <0.001 
Severe head injury, n (%) 88 (12.5%) 114 (27.4%) <0.001 
Severe thorax injury, n (%) 195 (27.8%) 199 (47.8%) <0.001 
Severe abdomen injury, n 

(%) 
77 (11.0%) 125 (30.0%) <0.001 

Severe external injury, n 
(%) 

1 (0.1%) 1 (0.2%) 0.71 

Severe face injury, n (%) 3 (0.4%) 10 (2.4%) 0.003 
Open Fracture type I or II, n 

(%) 
161 (22.9%) 111 (26.7%) 0.16 

Open Fracture type III, n 
(%) 

50 (7.1%) 44 (10.6%) 0.044 

Pelvic fracture, n (%) 133 (18.9%) 131 (31.5%) <0.001 
Spinal cord injury, n (%) 6 (0.9%) 15 (3.6%) 0.001 
Tibia or fibula fracture, n 

(%) 
237 (33.8%) 214 (51.4%) <0.001 

Shock in ED, n (%) 56 (8.0%) 104 (25.0%) <0.001 
Respiratory assistance in 

ED, n (%) 
50 (7.1%) 104 (25.0%) <0.001 

Early neurosurgical 
intervention, n (%) 

4 (0.6%) 22 (5.3%) <0.001 

Early blood transfusion, n 
(%) 

225 (32.1%) 237 (57.0%) <0.001 

Early laparotomy, n (%) 39 (5.6%) 83 (20.0%) <0.001 
ED discharge disposition, n 

(%)   
0.008 

General Floor 104 (14.8%) 32 (7.7%)  
Stepdown 2 (0.3%) 3 (0.7%)  
ICU 192 (27.4%) 129 (31.0%)  
OR 237 (33.8%) 144 (34.6%)  

ACS designated level, n (%)   0.39 
1 375 (53.4%) 238 (57.2%)  
2 171 (24.4%) 88 (21.2%)  
3 156 (22.2%) 90 (21.6%)  

Teaching Status, n (%)   0.28 
Community 234 (33.3%) 142 (34.1%)  
Non-teaching 85 (12.1%) 35 (8.4%)  
University 374 (53.3%) 234 (56.3%)   
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and the other femur after 24 h, capturing all patients not included by our 
EDF or DDF definitions. DDF was further characterized into simulta-
neous DDF (sDDF), defined as fixation of both femurs after 24 h but at 
the same operation, and delayed staged fixation (DSF), defined as fixa-
tion of both femurs after 24 h but on two separate operations. The choice 
of using 24 h as a cutoff point was based on previous studies investi-
gating the optimal timing of femoral shaft fracture fixation, as well as 
current clinical guidelines [11,23,28]. 

Outcomes 

The primary outcome was all-cause in-hospital mortality. Secondary 
outcomes included overall morbidity, defined as any of the following 
complications: compartment syndrome, unplanned return to the oper-
ating room, osteomyelitis, ventilator acquired pneumonia, acute respi-
ratory distress syndrome, pulmonary embolism, deep venous 
thrombosis, catheter associated urinary tract infection, and decubitus 
ulcer. Other secondary outcomes included post-procedural length of 
stay, intensive care unit (ICU) length of stay and total hospital length of 
stay. Post-procedural length of stay was defined as the interval in days 
between the time of fixation and time of discharge. 

Statistical analysis 

In univariate analysis, patient-, injury-, and hospital variables were 
reported using medians with interquartile range (IQR) for continuous 
variables and frequencies with percentages for categorical variables. 

Propensity score matching was performed using covariates that play 
a role in surgical decision making for operative management and may 
act as potential confounders. Patients were attributed a propensity score 
using a multivariable logistic regression model that matched for the 
following covariates: age, sex, ISS score, GCS, shock in the ED, respira-
tory assistance in the ED, open fractures, additional tibia, fibula, or 
pelvic fracture, spinal cord injury, additional early (surgical) in-
terventions and ACS designated level. Patients were 1:1 matched using a 
nearest-neighbor algorithm without replacement and a caliper width of 
0.2 of the logit of the score’s standard deviation [27]. Standardized 
differences were calculated before and after matching, and absolute 
values equal or smaller than 0.15 were used to indicate balance between 
the cohorts. The primary and secondary outcomes were then compared 
between the matched cohorts using univariate analysis. 

Due to the heavy impact that institutional practice has on clinical 
decision making in patients with BFSF, an additional multilevel mixed- 
effects regression analysis was performed to assess the association be-
tween time to definitive fixation and all-cause mortality, overall 
morbidity, postprocedural length of stay and total hospital length of 
stay, while accounting for the hierarchical nature of the data by using 
the hospital-specific identifier as a random effect. In this analysis, timing 
to fixation was defined as mean time to fixation of both femurs: (time to 
fixation left femur + time to fixation right femur) / 2. Mixed effects 
logistic regression was used to model categorical binary outcomes, 
mixed effects linear regression was used to model continuous outcomes. 
The model was adjusted for patient and injury specific characteristics 
using the same variables used in propensity score matching. Collinear 
variables were not included in the model. For example, AIS scores were 
not used as covariates, as the model already accounted for ISS. In the 
model, mean time to fixation, ISS score and GCS were used as continuous 
variables, all others were used as categorial variables. For categorical 
outcomes, adjusted odds ratios (aOR) and 95% confidence intervals (CI) 
were calculated. For continuous outcomes, we determined the beta co-
efficient (β) and its associated 95% CI, indicating the magnitude of 
change in the outcome for each additional 24-hour increment. 

Sub analyses were performed for patients who had an ISS score of 
≥25, who had severe chest trauma and patients who underwent staged 
fixation. For all sub analyses, an identical propensity score matching and 
univariate analysis were used as described for the main analysis. A two- 

sided p-value of less than 0.05 was considered statistically significant. 
All analyses were conducted using STATA statistical software version 
17.0 (CollegeStation, TX). 

Ethical oversight 

This study was exempted from the institutional review board (IRB) 
approval due to the de-identified nature of the dataset. All methods and 
results were reported adhering to the STrengthening the Reporting of 
OBservational studies in Epidemiology (STROBE) and REporting of 
studies Conducted using Observational Routinely-collected Data (RE-
CORD) statements [28] 

Results 

Baseline characteristics 

Of a total of 1118 patients 702 (62.8 %) underwent EDF and 416 
(37.2 %) underwent DDF. Patients who received DDF were older, more 
likely to be male, had more comorbidities, a higher ISS and lower GCS at 
admission, more additional injuries, more additional interventions, and 
a higher ICU admission rate (Table 1). There were no differences in 
hospital characteristics. 

Main analysis 

Following propensity score matching, 279 balanced pairs were 
formed. No difference was seen in mortality (1.8% vs 2.2%, p = 0.76) 
between EDF and DDF. However, the EDF group had lower rates of 
overall morbidity (12.9% vs 22.6%, p = 0.003), lower rates of deep 
venous thrombosis (2.2% vs 6.5%, p = 0.012), a shorter ICU length of 
stay (median: 5 days vs 7 days, p < 0.001) and a shorter hospital length 
of stay (median: 10 days vs 15 days, p < 0.001) (Table 2). 

Multilevel mixed-effects regression 

In the adjusted analysis, no significant association with mortality 
was seen [aOR 0.95, 95% CI: 0.84–1.08]. However, timing to definitive 
fixation was associated with a significant increase in overall morbidity 
[aOR 1.05, 95% CI: 1.002–1.10] as well as post-procedural [β 9.93, 95% 
CI: 5.4–14.5] and total hospital length of stay [β 26.7, 95% CI: 
21.6–31.7]. Each additional 24-hour period to the time to fixation after 

Table 2 
Outcomes main analysis.   

Early definitive 
fixation 

Delayed 
definitive fixation 

p-value  

N = 279 N = 279  

Mortality, n (%) 5 (1.8%) 6 (2.2%) 0.76 
Morbidity, n (%) 36 (12.9%) 63 (22.6%) 0.003 
Deep venous thrombosis, n (%) 6 (2.2%) 18 (6.5%) 0.012 
Decubitus ulcer, n (%) 6 (2.2%) 11 (3.9%) 0.22 
Pulmonary embolism, n (%) 11 (3.9%) 15 (5.4%) 0.42 
Acute respiratory distress 

syndrome, n (%) 
4 (1.4%) 6 (2.2%) 0.52 

Ventilator acquired 
pneumonia, n (%) 

6 (2.2%) 11 (3.9%) 0.22 

Unplanned return to OR, n (%) 8 (2.9%) 16 (5.7%) 0.095 
Osteomyelitis, n (%) 1 (0.4%) 2 (0.7%) 0.56 
Compartment syndrome, n (%) 1 (0.4%) 1 (0.4%) 1.00 
Catheter associated urinary 

tract infection, n (%) 
5 (1.8%) 5 (1.8%) 1.00 

Hospital length of stay, median 
days (IQR) 

10 (5–16) 15 (7–25) <0.001 

ICU length of stay, median 
days (IQR) 

5 (3–9) 7 (5–14) <0.001 

Post procedure length of stay, 
median days (IQR) 

11 (7–18) 14 (8–21) 0.045  
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the first day was associated with a 5% increase in morbidity, a 9.93 h 
increase in postoperative LOS and a 26.7 h increase in total hospital 
length of stay (Supplementary Fig. 1a and 1b). 

Subgroup analyses 

For the subgroup of patients with an ISS score ≥25 (99 balanced 
pairs), EDF was associated with a shorter intensive care length of stay 
(median: 7 days vs. 11 days, p < 0.001) and a shorter total hospital 
length of stay (median: 13 days 16 days, p = 0.012). No differences were 
seen in mortality and other outcomes (Table 3). For patients with severe 
chest injury (113 balanced pairs), EDF was associated with lower overall 
morbidity (18.6% vs 30.1%, p = 0.044), a shorter ICU length of stay 
(median: 6 days vs 9 days, p = 0.001) and total hospital length of stay 
(median: 12 days vs 16 days, p = 0.017). There was no effect for any of 
the other outcomes (Table 4). When comparing patients who had EDF 
versus ESF (133 pairs, though still unbalanced (Table 5)), simultaneous 
EDF was associated with a lower rate of deep venous thrombosis (0.8% 
vs 6.8%, p = 0.010). Similarly, when performing a sub analysis within 
the DDF group comparing patients with simultaneous DDF versus DSF 
(214 balanced pairs), simultaneous DDF was associated with a lower 
rate of acute respiratory distress syndrome (0.9% vs 5.1%, p = 0.024). 
When comparing ESF to DSF (101 balanced pairs), ESF was associated 
with a shorter ICU length of stay (6 days vs 8 days, p = 0.035) and a 
shorter hospital length of stay (13 days vs 16 days, p = 0.039). Addi-
tionally, when comparing ESF versus DDF (142 balanced pairs), early 
staged fixation was associated with lower rates of ventilator acquired 
pneumonia (0.0% vs 4.9%, p = 0.007), but a longer ICU length of stay 
(median: 8 vs 6 days, p = 0.004). The summary of our comparisons 
between the groups is shown in Table 6. 

Discussion 

For polytrauma patients with BFSF, there is currently no consensus 
on the optimal timing of surgery [3,20–22]. To provide a guideline for 
determining the optimal timing of treatment, we assessed the impact of 
timing to definitive fixation of BFSF (within 24 h versus after 24 h) on 
clinical outcomes in a nationwide retrospective database study using 
propensity score matching analysis. We found that definitive fixation of 
both femurs within the first 24 h from admission was associated with 
decreased overall morbidity (1 in 8 patients vs. 1 in 4 patients), lower 
rates of deep venous thrombosis, and decreased length of stay in the 

intensive care unit and hospital compared to definitive fixation after 24 
h. Every 24-hour delay to definitive fixation led to higher odds of 
developing complications and staying longer in the hospital. Even 
among severely injured patients (ISS ≥25, AIS thorax >3), early defin-
itive fixation (EDF) produced better outcomes than delayed definitive 
fixation (DDF). Furthermore, in situations where EDF might not be an 
option, early staged fixation (ESF) is associated with less complications 
compared to DDF. For all other circumstances, when comparing simul-
taneous fixation of both femurs to staged fixation, the simultaneous 
fixation group was associated with lower morbidity. 

For unilateral femoral shaft fractures, the consensus is that EDF is 
preferred over DDF [9]. Studies demonstrate that fixation of femoral 
shaft fractures within 24 h minimizes the risk of developing complica-
tions, such as acute respiratory distress syndrome, and decreases hos-
pital length of stay [13,16,17,29–31]. The surgical decision making for 
BFSF is complex, as these patients often present in physiologic extremis, 
and with multiple severe injuries [32]. This was confirmed in our study 
population, which had a mean ISS of 21, with 3 out of 4 patients having 
at least one additional severe injury and almost 2 out of 3 patients being 
transferred from the emergency department directly to the intensive 
care or operating room. For this patient population, there is currently no 
consensus on the optimal timing of surgical care. Earlier studies 
demonstrated that the timing of definitive fixation was mainly depen-
dent on the institution, suggesting that surgeon’s preference and insti-
tutional policies may be more important than clinical or 
sociodemographic variables [22]. This variation between trauma cen-
ters is problematic because the lack of evidence-based management 
guidelines use is associated with poorer patient outcomes, less efficient 
patient care, and higher health care costs [33,34]. 

Several studies in the existing literature have reported findings 
similar to ours. Flagstad et al. compared EDF to DDF and found that DDF 
patients had higher in-hospital mortality and complication rates [22]. 
Similar to our study, the delayed fixation cohort exhibited greater 
severity of injuries, more additional injuries, and an increased likelihood 
of undergoing secondary procedures. However, the comparison between 
early and delayed fixation outcomes lacked adjustment for these base-
line differences, as neither propensity score matching nor regression 
analysis was used. Moreover, our study and Flagstad et al.’s approach to 
defining early and delayed definitive fixation differed. While early 
definitive fixation was characterized in the same manner as in our study, 
Flagstad et al. defined delayed definitive fixation as all patients not 
meeting the criteria for early fixation. This broad definition resulted in a 

Table 3 
Outcomes sub analysis ISS ≥25.   

Early definitive 
fixation 

Delayed 
definitive fixation 

p-value  

N = 99 N = 99  

Mortality, n (%) 4 (4%) 5 (5%) 0.73 
Morbidity, n (%) 22 (22%) 34 (34%) 0.058 
Deep venous thrombosis, n (%) 3 (3.0%) 9 (9.1%) 0.12 
Decubitus ulcer, n (%) 3 (3.0%) 10 (10.1%) 0.077 
Pulmonary embolism, n (%) 7 (7.1%) 5 (5.1%) 0.51 
Acute respiratory distress 

syndrome, n (%) 
4 (4.0%) 4 (4.0%) 0.60 

Ventilator acquired 
pneumonia, n (%) 

5 (5.1%) 8 (8.1%) 0.41 

Unplanned return to OR, n (%) 3 (3.0%) 10 (10.1%) 0.077 
Osteomyelitis, n (%) 1 (1.0%) 1 (1.0%) 0.60 
Compartment syndrome, n (%) 0 (0.0%) 1 (1.0%) 0.36 
Catheter associated urinary 

tract infection, n (%) 
4 (4.0%) 2 (2.0%) 0.43 

Hospital length of stay, median 
days (IQR) 

13 (2–20) 16 (9–29) 0.012 

ICU length of stay, median 
days (IQR) 

7 (4–14) 11 (7–19) <0.001 

Post procedure length of stay, 
median days (IQR) 

15 (10–22) 14 (11–23) 0.98  

Table 4 
Outcomes sub analysis severe chest trauma (AIS ≥3).   

Early definitive 
fixation 

Delayed 
definitive fixation 

p- 
value  

N = 113 N = 113  

Mortality, n (%) 1 (0.9%) 6 (5.3%) 0.055 
Morbidity, n (%) 21 (18.6%) 34 (30.1%) 0.044 
Deep venous thrombosis, n (%) 2 (1.8%) 8 (7.1%) 0.052 
Decubitus ulcer, n (%) 2 (1.8%) 7 (6.2%) 0.089 
Pulmonary embolism, n (%) 7 (6.2%) 6 (5.3%) 0.78 
Acute respiratory distress 

syndrome, n (%) 
4 (3.5%) 6 (5.3%) 0.52 

Ventilator acquired 
pneumonia, n (%) 

3 (2.7%) 3 (2.7%) 1.00 

Unplanned return to OR, n (%) 5 (4.4%) 11 (9.7%) 0.12 
Osteomyelitis, n (%) 1 (0.9%) 0 (0.0%) 0.32 
Compartment syndrome, n (%) 0 (0.0%) 2 (1.8%) 0.16 
Catheter associated urinary 

tract infection, n (%) 
3 (2.7%) 2 (1.8%) 0.65 

Hospital length of stay, median 
days (IQR) 

12 (4–20) 16 (8–25) 0.017 

ICU length of stay, median days 
(IQR) 

6 (4–12) 9 (6–15) 0.001 

Post procedure length of stay, 
median days (IQR) 

13 (9–22) 15 (9–23) 0.72  
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heterogeneous group, as it did not distinguish between patients who 
may have had one femur fixated within 24 h and the other a day later, 
and those who underwent fixation after a span of several weeks. Simi-
larly, Steinhausen et al. compared early total care, defined as bilateral 
primary definitive osteosynthesis, to damage control orthopedics, 
defined as bilateral temporary external fixation [20].The rate of sys-
temic complication (organ failure, multiorgan failure and sepsis) was 

higher in the damage control group. However, like beforementioned 
studies, the treatment groups presented significant differences between 
them. One could argue that the differences in outcomes might relate to 
the different group characteristics, ranging from higher injury severity 
scores to worse lab values, and not the timing of the BFSF. Furthermore, 
it is noteworthy that this study was conducted using data spanning from 
1993 to 2008, a timeframe that may not fully capture the current 
landscape of advancing healthcare practices. 

In contrast, Willett et al. found a potential benefit for a delayed 
approach [3]. When comparing different fracture fixation methods, 
several damage-control methods outperformed intramedullary nailing 
in patients with a New ISS >40. However, this analysis only included a 
small number of patients, increasing the risk of type I and II errors, and, 
like the beforementioned studies, did not adjust for any potential con-
founders that may play a role in surgical decision making, such as age, 
comorbidities and need for additional procedures. 

Our study considered patient, injury, and hospital characteristics as 
potential confounders and performed a careful propensity score 
matching to make two comparable cohorts. We found that there was no 
difference in mortality between early and delayed definitive fixation of 
bilateral femur fractures. We also demonstrated that EDF of BFSF was 
associated with a reduction in overall morbidity, particularly in the 
incidence of deep venous thrombosis. We hypothesize that minimizing 
the operative delay to definitive fixation of bilateral femoral shaft 
fractures serves to mitigate risk factors by stabilizing the fractures, 
decreasing pain, and facilitating early mobilization. As prevention of 
deep venous thrombosis plays a crucial role in trauma care, patients who 
are not eligible for immediate definitive femur fracture fixation should 
be considered for prophylactic measures while being closely monitored. 

Given the significant literature about damage control orthopedics for 
severely injured patients, advocating temporary immobilization and 
delayed definitive repair [14,15,35–39], we set to do subgroup analysis 
of certain populations within our sample size. Typically, patients 
considered to be appropriate for such an approach are those with high 
ISS, severe brain injury, and severe chest injury. Therefore, we analyzed 
separately these three subgroups and created propensity-score-matched 
couples for outcomes comparison. In the ISS>25 subgroup and the chest 
AIS>3 subgroup, we again detected a morbidity and length of stay 
benefit for EDF patients compared to DDF. Unfortunately, we could not 
examine the severe brain injury subgroup due to the lack of an adequate 
sample size to allow appropriate matching of patients. 

Given that our main analysis targeted patients who had both fractures 
repaired before or after 24 h, we sought to also analyze patients who had 
one of the fractures repaired within 24 h and the other one after 24 h. 
Again, early fixation of both femurs simultaneously showed superior 
outcomes compared to staged repair. However, ESF was superior to 
delayed repair, whether it was sDDF or DSF. This data shows that, if 
early fixation of both femurs simultaneously is not possible, a staged 
repair with at least one of the two fixed within 24 h is preferred over 
delayed repair. 

To the best of our knowledge, this study is the first nationwide study 
to investigate the impact of timing of definitive fixation of BFSF while 
considering not only injury characteristics but patient demographics and 
comorbidities, physiologic variables upon hospital arrival, and hospital 
characteristics as well. Single institutional studies are unlikely to pro-
duce numbers for credible statistical analysis, given the low incidence of 
BFSF. A national database can produce a large sample size for that 
purpose. 

This study is subject to several limitations. Its retrospective nature 
and database-derived dataset does not allow a great degree of granu-
larity on multiple parameters. Important information, such as lactate 
levels, is missing and other data is incomplete. Outcomes are limited to 
those captured by the database: bone-specific outcomes like non-union, 
pseudoarthrosis, or need for repeat orthopedic operations are not 
available. Additionally, the outcomes that are available in TQIP are 
described in a binominal fashion without allowing judgments on the 

Table 5 
Baseline characteristics after matching EDF vs ESF.   

Early definitive 
fixation 

Early staged fixation (one 
early, one delayed) 

p-value  

N = 133 N = 133  

Age, median (IQR) 35 (26–48) 29 (22–44) 0.006 
Male gender, n (%) 51 (38.3%) 51 (38.3%) 1.00 
race, n (%)   0.66 

White 89 (66.9%) 80 (60.2%)  
Black or African 
American 

27 (20.3%) 37 (27.8%)  

Asian 3 (2.3%) 3 (2.3%)  
Other Race 12 (9.0%) 10 (7.5%)  

Insurance, n (%)   0.62 
Private/ 
Commercial 
Insurance 

68 (51.1%) 70 (52.6%)  

Government 34 (25.6%) 25 (18.8%)  
Self-Pay 16 (12.0%) 23 (17.3%)  

Other 13 (9.8%) 13 (9.8%)  
Smoker, n (%) 45 (33.8%) 35 (26.3%) 0.18 
BMI, median (IQR) 27.5 (24.2–32.9) 28.1 (24.6–32.8) 0.90 
COPD, n (%) 6 (4.5%) 3 (2.3%) 0.31 
Bleeding disorder, n 

(%) 
0 (0.0%) 0 (0.0%)  

Diabetes, n (%) 22 (16.5%) 11 (8.3%) 0.041 
Hypertension, n (%) 30 (22.6%) 17 (12.8%) 0.037 
Dependent in ADL, n 

(%) 
2 (1.5%) 3 (2.3%) 0.65 

Chronic kidney 
disease, n (%) 

1 (0.8%) 1 (0.8%) 1.00 

ISS, median (IQR) 22 (14–27) 17 (10–22) 0.033 
GCS, median (IQR) 15 (14–15) 15 (14–15) 0.13 
Severe head injury, n 

(%) 
20 (15.0%) 14 (10.5%) 0.27 

Severe thorax injury, 
n (%) 

58 (43.6%) 43 (32.3%) 0.058 

Severe abdomen 
injury, n (%) 

28 (21.1%) 15 (11.3%) 0.030 

Severe external injury, 
n (%) 

0 (0.0%) 0 (0.0%)  

Severe face injury, n 
(%) 

1 (0.8%) 2 (1.5%) 0.56 

Open fracture, n (%) 82 (61.7%) 56 (42.1%) 0.001 
Pelvic fracture, n (%) 40 (30.1%) 32 (24.1%) 0.27 
Spinal cord injury, n 

(%) 
1 (0.8%) 1 (0.8%) 1.00 

Tibia or fibula 
fracture, n (%) 

100 (75.2%) 71 (53.4%) <0.001 

Shock in ED, n (%) 27 (20.3%) 18 (13.5%) 0.14 
Respiratory 

assistance, n (%) 
18 (13.5%) 13 (9.8%) 0.34 

Early intervention, n 
(%) 

70 (52.6%) 55 (41.4%) 0.065 

ED discharge 
disposition, n (%)   

0.086 

General Floor 9 (6.8%) 16 (12.0%)  
ICU 43 (32.3%) 34 (25.6%)  
OR 49 (36.8%) 38 (28.6%)  

ACS designated level, 
n (%)   

0.50 

1 58 (43.6%) 66 (49.6%)  
2 41 (30.8%) 33 (24.8%)  
3 34 (25.6%) 34 (25.6%)  

Teaching Status, n (%)   0.13 
Community 54 (40.6%) 42 (31.6%)  
Non-Teaching 17 (12.8%) 11 (8.3%)  
University 60 (45.1%) 79 (59.4%)   
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severity of each outcome and its impact on the final result. We tried to 
minimize confounding variables by using ICD-10 diagnosis codes to 
identify important details, such as the presence of an open fracture, or 
additional injuries and interventions that may impact surgical timing. 
Moreover, we used robust statistical techniques such as propensity score 
matching and multilevel mixed-effects regression to account for injury-, 
patient-, and hospital characteristics. Secondly, the TQIP dataset in-
cludes data from a heterogenous range of hospitals, each adhering to its 
own patient management protocols. While our analysis effectively 
adjusted for factors such as ACS-designated level and hospital random 
effect, policies, procedures, expertise, and surgeon volume may vary 
among trauma centers. Furthermore, this study does not capture long- 
term outcomes, such as functional status or pain scores. Therefore, it 
is not possible to allow comparisons of outcomes after hospital discharge 
nor for any patient-reported outcomes. Lastly, in our main analysis we 
categorized the study population into two cohorts: early versus delayed 
definitive care. While patients in the early group will likely have had 
simultaneous repair of both femur fractures because of the clinically 
improbability of two separate orthopedic surgeries within a 24-hour 
timeframe, the delayed group comprised cases involving both simulta-
neous and staged repair. The inclusion of only simultaneous repair was 
precluded by sample size constraints, and this approach was deemed 
satisfactory for addressing our primary research question. Moreover, in 
recognition of the inherent limitation of potentially comparing disparate 
groups, we conducted additional sub analyses comparing EDF to ESF 
and ESF to both sDDF and DSF. This stratified analysis aimed to provide 
a more nuanced understanding and mitigate potential confounding 
factors associated with the diverse nature of the cohorts. 

In conclusion, among BFSF patients, EDF seems to produce better 
outcomes compared to DDF. Mortality is not different but morbidity 
rates, especially deep venous thrombosis, and length of hospital and 
intensive care unit stay are lower with EDF. Furthermore, when EDF is 
not possible, an early staged repair is preferable over delayed fixation. A 
prospective multi-institutions study would be needed to confirm these 
conclusions. 
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