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Abstract
Background Open tibia fractures usually occur in high-energy mechanisms and are commonly associated with multiple 
traumas. The purposes of this study were to define the epidemiology of open tibia fractures in severely injured patients and 
to evaluate risk factors for major complications.
Methods A cohort from a nationwide population-based prospective database was analyzed (TraumaRegister  DGU®). Inclu-
sion criteria were: (1) open or closed tibia fracture, (2) Injury Severity Score (ISS) ≥ 16 points, (3) age ≥ 16 years, and 
(4) survival until primary admission. According to the soft tissue status, patients were divided either in the closed (CTF) 
or into the open fracture (OTF) group. The OTF group was subdivided according to the Gustilo/Anderson classification. 
Demographic data, injury mechanisms, injury severity, surgical fracture management, hospital and ICU length of stay and 
systemic complications (e.g., multiple organ failure (MOF), sepsis, mortality) were collected and analyzed by SPSS (Ver-
sion 23, IBM Inc., NY, USA).
Results Out of 148.498 registered patients between 1/2002 and 12/2013; a total of 4.940 met the inclusion criteria (mean age 
46.2 ± 19.4 years, ISS 30.4 ± 12.6 points). The CTF group included 2000 patients (40.5%), whereas 2940 patients (59.5%) 
sustained open tibia fractures (I°: 49.3%, II°: 27.5%, III°: 23.2%). High-energy trauma was the leading mechanism in case 
of open fractures. Despite comparable ISS and NISS values in patients with closed and open tibia fractures, open fractures 
were significantly associated with higher volume resuscitation (p < 0.001), more blood (p < 0.001), and mass transfusions 
(p = 0.006). While the rate of external fixation increased with the severity of soft tissue injury (37.6 to 76.5%), no major 
effect on mortality and other major complications was observed.
Conclusion Open tibia fractures are common in multiple trauma patients and are therefore associated with increased resus-
citation requirements, more surgical procedures and increased in-hospital length of stay. However, increased systemic 
complications are not observed if a soft tissue adapted surgical protocol is applied.
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Introduction

Tibia fractures represent the most common long bone frac-
ture. Furthermore, a high number of these fractures are asso-
ciated with open soft tissue injuries due to a limited soft 
tissue envelope [1–3].

Open fractures are considered as an orthopedic emer-
gency even in isolated injuries. General management prin-
ciples of these injuries include early antibiotic coverage, 
meticulous debridement and lavage, classification of the 
soft tissue injury, temporary or definitive skeletal stabiliza-
tion and soft tissue coverage or reconstruction [4–8]. How-
ever, treatment of open fractures in multiple trauma patients 

 * Christian David Weber 
 chrweber@ukaachen.de

1 Department of Orthopaedics and Trauma Surgery, RWTH 
Aachen University Medical Center, Pauwels Street 30, 
52074 Aachen, Germany

2 Institute for Research in Operative Medicine (IFOM), 
Witten/Herdecke University, Cologne, Germany

3 Department of Trauma Surgery and Orthopaedics, Sana 
Klinikum, Offenbach, Germany

4 Department of Trauma Surgery, University of Zurich, Zurich, 
Switzerland

5 Committee on Emergency Medicine, Intensive Care 
and Trauma Management (Sektion NIS) of the German 
Trauma Society (DGU), Berlin, Germany

http://crossmark.crossref.org/dialog/?doi=10.1007/s00068-018-0916-9&domain=pdf


446 C. D. Weber et al.

1 3

represents even a more sophisticated surgical challenge [7, 
9–11].

In these patients, the fracture pattern and extend of open 
soft tissue injury particularly affects the amount of acute 
blood loss, the timing and type of skeletal fixation as well 
as the associated risk for late complications (e.g., non-union, 
infection) [3, 5, 12–14]. Therefore, treatment strategies have 
to consider associated injuries and the general condition of 
the severely injured patient [15].

Recently, Connelly et al. have already investigated the 
relevance of open tibia fractures on long-term outcome [13]. 
They identified a significant impact of tibia fractures on 
posttraumatic outcome. Among other factors, the presence 
of open fractures was significantly associated with mortality 
(OR 1.46, 95% CI 1.13–1.88, p = 0.004).

However, despite the results of that study, the relevance of 
open tibia fractures particularly in multiple trauma patients 
remains unknown. Specifically, the prevalence of open 
fractures and the risk of acute complications still remains 
unclear. To elucidate these aspects, we conducted the present 
registry study using data from one of largest databases of 
severely injured patients, the TraumaRegister  DGU®.

We sought to answer the following questions:

• What is the current epidemiology of open tibia fractures 
in multiply injured patients and the prevalence of differ-
ent degrees of severity (grade I–III).

• Is the severity of an open fracture type associated with 
clinical complications and outcome?

• Can implications on management of these fractures be 
derived from the information gathered from a nationwide 
trauma registry?

Materials and methods

TraumaRegister  DGU®

The TraumaRegister  DGU® of the German Trauma Soci-
ety (Deutsche Gesellschaft für Unfallchirurgie, DGU) was 
established in 1993. Data are collected prospectively in 
four consecutive time phases from the site of the accident 
until discharge from hospital including emergency room, 
initial surgery, and ICU phase. The documentation includes 
detailed information on demographics, injury pattern, 
comorbidities, pre- and in-hospital management, course on 
intensive care unit, relevant laboratory findings including 
data on transfusion and outcome of each individual. The 
inclusion criterion is admission via emergency room with 
subsequent ICU/ICM care or death after admission but 
before admission to ICU. The infrastructure for documen-
tation, data management, and data analysis is provided by 
AUC—Academy for Trauma Surgery (AUC—Akademie der 

Unfallchirurgie GmbH), a company affiliated to the Ger-
man Trauma Society. The scientific leadership is provided by 
the Committee on Emergency Medicine, Intensive Care and 
Trauma Management (Sektion NIS) of the German Trauma 
Society. The participating hospitals submit their data pseu-
domised into a central database via a web-based applica-
tion. Scientific data analysis is approved according to a peer 
review procedure established by Sektion NIS.

Participation in TraumaRegister  DGU® is voluntary. For 
hospitals associated with TraumaNetzwerk  DGU® however, 
the entry of at least a basic data set is obligatory for reasons 
of quality assurance (QM form). Participants of TraumaNet-
zwerk  DGU® can choose whether they use the standard form 
(regular form with full coverage of all items) or the QM-
form, which includes a limited number of items for quality 
management purposes, only. Overall, 12.6% of the registry 
cohort was documented using QM-form and was therefore 
not available for detailed clinical outcome analyses. Fur-
thermore, data from non-European trauma centers in (e.g., 
China, United Arab Emirates) were excluded from analysis. 
As part of a sophisticated protocol for data quality control, 
single centers that submitted inconsistent surgical data in 
single years were excluded from analysis. This group was 
referred to as “missing surgical data”. A total of 1.7% of 
the TR-DGU database was disqualified for this reason. The 
present study is in line with the publication guidelines of the 
TraumaRegister  DGU® and registered as TR-DGU project 
ID 2011-040.

Definitions

• Mechanisms of injury: (1) motor vehicle, (2) motorcy-
cle, (3) bicycle accidents, (4) pedestrians struck, (5) high 
(≥ 3 m) and (6) low falls (< 3 m) and (7) other.

• Injuries were coded according to Abbreviated Injury 
Scale (AIS, Version 2005); the Injury Severity Score 
(ISS) and the New Injury Severity Score (NISS) [16–19].

• Open fractures were classified according to the Gustilo 
and Anderson system [4].

• Hemorrhagic shock was defined as bleeding with a sys-
tolic blood pressure equal or below 90 mmHg (a) in pre-
hospital setting and (b) at emergency room admission.

• Pre-/In-hospital fluid administration was defined as those 
fluids administered before/after hospital admission and 
until arrival at the intensive care unit (ICU).

• Number of packed red blood cell (pRBC) units transfused 
until ICU admission.

• The Trauma Associated Severe Hemorrhage (TASH) 
Score [20, 21] is provided to describe the predicted risk 
for severe hemorrhage in points, whereas the pTASH 
indicates the predicted risk for mass transfusion (≥ 10 
pRBCs) in Percent (e.g., TASH score: 18 points, pTASH: 
50% risk for mass transfusion).
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• Organ failure was defined using the Sequential Organ 
Failure Assessment (SOFA) score [22] where three or 
four points were defined as failure, for each organ.

• Multiple organ failure (MOF) was defined by a simulta-
neous organ failure of at least two organ systems [23].

• Sepsis was defined according to the ACCP/SCCM con-
sensus [24].

• The Revised Injury Severity Classification (RISC) Score 
was calculated to compare predicted and observed mor-
tality [25].

• Mortality was defined as overall in-hospital death from 
any cause.

Inclusion criteria

• ISS ≥ 16 points.
• Age ≥ 16 years.
• Emergency room (ER) admission between 01/2002 until 

12/2013.
• Tibia fracture: coding according to AIS-98, AIS-2005 

and/or AO/OTA classification or by keyword (“tibia frac-
ture”) in free text description [26].

Exclusion criteria

• Transfers (in/out)

• Missing surgical data
• Short version of data entry sheet utilized
• Non-European Trauma Centers

Statistical analysis

All data were tested for normal distribution. Continuous 
variables are shown as mean with standard deviation (SD), 
while categorical data are presented as frequencies and 
percentages. For variables with a large standard deviation, 
the median is provided. The Chi-square test was used for 
comparison of categorical variables. The Mann–Whitney 
U test was applied to test differences between the groups. 
The Kolmogorov–Smirnov test was applied for normal dis-
tribution. Results were considered statistically significant 
if p < 0.05. Linear regression analysis was performed for 
the three subgroups of open fractures. Differences between 
the subgroups were evaluated with the Chi-square test for 
trends. No imputation was performed. The analysis was 
performed with SPSS for Windows (Version 22, IBM Inc., 
Armonk, NY, USA).

A flow diagram (Fig. 1) is provided to characterize the 
study cohort including related sample sizes.

Fig. 1  Description of the Trau-
maRegister  DGU® study cohort 
with sample sizes

TR-DGU database 
1/2002-12/2013

n=148.498

European dataset
n=147.736 

Minor injuries 
excluded ISS<16

n=68.250

Inclusion criteria: 
ISS ≥16, Age ≥16

n=75.944

Transfers excluded
n=10.611 (Transfer in)
n=4.253 (Transfer out)

Short version of  
documentation sheet

n=18.778

Missing surgical data 
n=2.638

Study cohort
n=39.664

CTF group 
n=2.000

OTF group 
n=2.940

Children excluded 
Age <16 years 

n=2.962 

Non-European data
n=762 excluded
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Results

From a total of 148.498 documented patients between 
1/2002 and 12/2013, we identified 4.940 individuals who 
met the inclusion criteria (mean age 46.2 ± 19.4  years, 
ISS 30.4 ± 12.6 points). In both groups, patients were pre-
dominantly young and male. The CTF group included 2000 
closed fractures (40.5%), whereas the OTF group included 
2940 (59.5%) open tibia fracture patients. High-energy 
trauma, often related to road traffic accidents, was the lead-
ing cause of injury in open fractures: motor vehicle (n = 927) 
and motorcycle accidents (n = 656) were the two predomi-
nant mechanisms. In motorcycle accidents, riders sustained 
open tibial fractures significantly more often (p ≤ 0.001), 
when compared to closed fractures. The third group included 
195 pedestrians struck by a vehicle. Bicycle-related injuries, 
falls and other mechanisms were less common (Table 1).

Injury pattern, injury severity and management

Both groups showed no significant differences with respect 
to ISS and NISS (Table 2). The incidence of severe (AIS > 3) 
concomitant injuries of the head and abdomen as well as 
pelvic and femoral fractures was higher in the CTF group. 
Although the hemodynamic status in the pre-hospital set-
ting was comparable between both groups (Table 3), patients 
with open fractures received significantly higher pre-hos-
pital volume resuscitation (p < 0.001). The OTF group 

also received more volume in the hospital, more blood 
(p < 0.001), and a higher incidence of mass transfusions 
was observed (p = 0.006). The higher risk for trauma asso-
ciated severe hemorrhage and increased resuscitation efforts 
were indicated by an elevated TASH Score (p < 0.001) in the 
open fracture group. The majority of open fractures were 
primarily stabilized by external fixation (Table 4). The total 
number of surgical procedures related to the tibial fracture 
was increased in the OTF group (1.2 vs. 2.3 procedures, 
p < 0.001).

Outcome measures

Ventilation time and LOS on ICU (p = 0.040) was shorter 
in the OTF group, whereas total in-hospital LOS was pro-
longed in these patients (p < 0.001). The risk for sepsis (12.7 
vs. 12.9%) and multiple organ failure (38.5 vs. 39.2%) was 
comparable between the CTF and OTF groups. However, 
mortality was decreased in open fracture patients (p = 0.040).

Subgroup analysis

According to Gustilo and Anderson, open fractures were 
divided into subgroups (Table 5): I° (OTF I: n = 1450, 
49.3%), II° (OTF II: n = 809, 27.5%) and III° (OTF III: 
n = 681, 23.2%). Median ISS was measured 27 points and 
median NISS measured 34 points for all three types of open 
fractures. While the rate of external fixation increased with 
the degree of soft tissue injury from 37.6 to 76.5%; mortality 

Table 1  Mechanisms of injury CTF n = 2.000 OTF n = 2.940 p value

Motor vehicle accident, MVA (n, %) 701 (36.1%) 927 (32.3%) 0.007
Motorcycle accident, MCA (n, %) 300 (15.4%) 656 (22.9%) < 0.001
Bicycle (n, %) 110 (5.7%) 195 (6.8%) n.s
Pedestrian (n, %) 405 (20.8%) 549 (19.1%) n.s
Low fall < 3 m (n, %) 37 (1.9%) 22 (0.8%) < 0.001
High fall ≥ 3 m (n, %) 326 (16.8%) 373 (13.0%) < 0.001
Other (n, %) 65 (3.3%) 146 (5.1%) n.s

Table 2  Demographical data 
and associated injuries

Parameter CTF OTF p value

Sex (male, %) 68.5% 72.4% 0.003
Age (years; mean ± SD), median 47.0 (± 20), 46 45.6 (± 19), 44 0.022
ISS (points, mean ± SD), median 30.4 (± 13), 29 30.4 (± 13), 27 n.s
NISS (points, mean ± SD), median 34.4 (± 14), 33 34.9 (± 13), 34 n.s
Head injury (AIS ≥ 3), n (%) 932 (46.6%) 1180 (40.1%) < 0.001
Chest injury (AIS ≥ 3), n (%) 1292 (64.6%) 1894 (64.4%) n.s
Abdominal injury (AIS ≥ 3), n (%) 506 (25.3%) 663 (22.6%) 0.026
Associated femoral fractures, n (%) 717 (35.9%) 1003 (34.1%) 0.006
Unstable pelvic injury (AIS ≥ 4), n (%) 447 (22.4%) 550 (18.7%) 0.002
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and the incidence of sepsis was comparable between the 
subgroups. The incidence of MOF increased from type I 
(38.0%) to type III (44.2%) in open fractures (p < 0.001). 

The highest risk for hemorrhagic shock (28.3%) and mass 
transfusion (19.5%) was found in OTF III (p < 0.001). The 
elevated risk for mass transfusion according to the TASH 

Table 3  Indicators of 
hemorrhagic shock and 
resuscitation

ER emergency room, pRBCs packed red blood cell units, TASH trauma associated severe hemorrhage
a Administration until ICU admission
b ≥ 10 pRBCs administered

Parameter CTF OTF p value

Pre-hospital shock: n (%) 444 (25.1%) 672 (25.8%) n.s
Hemorrhagic shock in ER: n (%) 414 (22.3%) 652 (23.8%) n.s
Pre-hospital volume (mL)a, median 1405 (± 979), 1000 1500 (± 1007), 1500 < 0.001
Volume administration until ICU admis-

sion (mL), median
2474 (± 2324), 1500 3053 (± 3594), 2000 < 0.001

Any pRBC administration (n, %) 798 (40.4%) 1364 (47.0%) < 0.001
pRBCs. mean (± SD)a 3.4 (± 6.8) 4.2 (± 7.9) < 0.001
Observed mass  transfusionb: n (%) 235 (11.9%) 425 (14.6%) 0.006
TASH score (points) 8.70 9.95 < 0.001

Table 4  Clinical and outcome 
variables

a Related to tibia fracture and associated soft tissue injury

Parameter CTF OTF p value

Surgical  proceduresa mean (± SD) 1.2 (± 1.2) 2.3 (± 2.4) < 0.001
External skeletal fixation (EF) n, % 752 (37.6%) 1854 (63.1%) < 0.001
Hospital LOS days (± SD), median 31.2 (± 27), 25 35.4 (± 30.9), 29 < 0.001
ICU-LOS days (SD), median 14.1 (± 16.6), 9 13.4 (± 15.7), 8 0.040
Ventilator days (mean ± SD), median 8.2 (± 12.5), 2 7.0 (± 12.3), 2 0.001
Multiple organ failure, n (%) 683 (39.2%) 991 (38.5%) n.s
Sepsis, n (%) 222 (12.9%) 324 (12.7%) n.s
Mortality, n (%) 402 (20.2%) 524 (17.8%) 0.040

Table 5  Data stratified for the degree of open soft tissue injury

CTF n = 2000 OTF I° n = 1450 OTF II° n = 809 OTF III° n = 681

ISS, mean (± SD), median 30.4 (± 12.7) 29 30.7(± 12.9) 27 30.1 (± 12) 27 30.1 (± 12.5) 27
NISS, mean (± SD), median 34.4 (± 13.8) 33 35.2 (± 13.7) 34 34.5 (± 12.8) 34 34.6 ± 12.6, 34
External fixation, n (%) 752 (37.6%) 791 (54.6%) 542 (67%) 521 (76.5%)
Surgical procedures, n (SD) 1.2 (1.2) 1.8 (1.9) 2.4 (2.2) 3.3 (3.0)
Pre-hospital shock, n (%) 444 (25.1%) 336 (26.3%) 173 (23.9%) 163 (26.9%)
Shock in ER, n (%) 414 (22.3%) 304 (22.6%) 166 (22.0%) 182 (28.3%)
Transfused pRBCs until ICU admission, n (SD) 3.4 (6.9) 3.7 (7.2) 3.6 (7.1) 5.8 (10.0)
TASH score (points), (pTASH: predicted mass 

transfusion, %)
8.7 13.6% 9.8 15.8% 9.5 14.9% 10.7 18.2%

Mass transfusion %, (n) 11.9% (235) 13.8% (197) 12.1% (97) 19.5% (131)
Sepsis %, (n) 12.9% (1493) 12.7% (155) 11.8% (85) 13.9% (84)
MOF %, (n) 39.2% (683) 38.0% (469) 34.5% (251) 44.2% (271)
Predicted mortality (RISC2 score), % 18.8% 18.7% 15.5% 18.7%
Observed mortality 20.2% (403) 19% (275) 14.3% (116) 19.5% (133)
Hospital LOS, days; mean (SD), median 31.2 (27), 25 33.9 (30), 28 34.2 (27.9), 30 39.9 (35.4), 33
ICU-LOS (days), mean (SD), median 14.1 (16.6), 9 13 (15.8), 7 13.3 (15.2), 8 14.2 (16.2), 9



450 C. D. Weber et al.

1 3

score was accurately predicted (18.2%; p < 0.001). In sub-
group OTF II, the lowest incidences of pre-hospital shock 
(23.9%) and mass transfusion (12.1%) was observed. This 
was accompanied by the lowest mortality (14.3%) of all 
subgroups.

Discussion

Open long bone fractures are frequently related to complex 
fracture patterns, limb-threatening soft tissue destruction 
and even exsanguinating arterial hemorrhage [1, 27–30]. 
Previous studies well described the systemic burden (e.g., 
hemorrhagic shock, sepsis, organ failure) associated with 
major long bone fractures [3, 8, 10, 12–14, 31, 32], which 
in return promotes and interacts with subsequent local and 
late complications (e.g., infection, non-union).

Although open fractures particularly appear after high-
energy trauma mechanisms, little is known about the rel-
evance of open tibia fractures in multiple trauma patients. 
Based on one of the largest databases of severely injured 
patients (TraumaRegister  DGU®), we were able to include 
the highest number of patients for evaluation of the rele-
vance of open tibia fractures after multiple traumas.

While recent studies included both patients with isolated 
and multisystem injuries, the authors reported a lower rate 
of open soft tissue injuries (15–33%) associated with tibia 
fractures [33, 34]. We found a rate of 59.5% for open frac-
tures in multiple trauma patients in our cohort. This might 
be explained by a greater proportion of high-energy trauma 
in multiple trauma patients in this study, when compared to 
the literature data of patients with a single trauma. Among 
multiple trauma patients, particularly motorcyclists seem to 
be at special risk to sustain open tibia fractures. These find-
ings underline the well-described association between high-
energy mechanisms and soft tissue injuries [28, 35]. Our 
epidemiologic findings are in accordance with the landmark 
study published by Court-Brown et al. in 1998 [1]. As we 
only included patients with an ISS ≥ 16, the ISS in this study 
was significantly higher than described by Court-Brown 
et al. However, also these authors found a high incidence 
of concomitant injuries (52.5%) in patients with open tibia 
fractures (1,35). In the comprehensive analysis also pub-
lished by Court-Brown in 2012 [36], only 13.8% of patients 
with lower limb open fractures presented with an ISS ≥ 16. 
Despite comparable ISS and NISS values between patients 
with closed and open fractures, the presence of open frac-
tures was associated with both, a significantly higher vol-
ume replacement in the pre-hospital as well as in the early 
clinical phase (until admission to ICU) and an increased 
requirement of (mass) transfusions. Accordingly, the TASH 
Score (p < 0.001) was elevated for open fractures and indi-
cated an increased risk for severe hemorrhage. The more 

aggressive approach for volume replacement in patients with 
open fractures might explain why the incidence of hemor-
rhagic shock was comparable between patients with closed 
and open fractures. We therefore conclude that the presence 
of an open fracture affects the resuscitation protocol in the 
pre- and early clinical phase.

We further subdivided the OTF group in three subgroups 
according to the widespread-used classification system of 
Gustilo and Anderson. The system was primarily developed 
for open tibia fractures, but consecutively adapted to other 
long bone fractures. It is the most frequently used and uni-
versally accepted system because it is relevant for the initial 
management, complication rates and functional prognosis. 
However, we acknowledge specific limitations that have 
been identified over time, including its subjective nature, 
inter-observer agreement and its accuracy depending on the 
expertise of the surgeon [37–39]. The distribution of open 
fractures in our study (I°: 49.3%, II° 27.5%, III°: 23.2%) was 
different from the results of a recent meta-analysis including 
32 articles [30] that described a higher incidence of severe 
open fractures (I°: 17.2%; II°: 25.5%; III°: 57.3%).

Furthermore, the enormous treatment costs of severe 
open fractures have attracted special attention in the past 
[40]. Open fractures are a well-known cost driver, due to 
multiple reconstructive procedures, an increased hospital 
length of stay (LOS) and a delayed return to work because 
of poor functional results. In accordance to previous studies, 
we also found a higher number of surgical procedures related 
to the tibia fracture that is clearly associated with the sever-
ity of the soft tissue damage (closed: 1.2; open I°: 1.8; II°: 
2.4; III°: 3.3) These factors must be considered as surrogates 
for increased treatment costs for open fractures. While the 
number of surgeries increased with the degree of soft tissue 
injury, open fractures remain a major socioeconomic issue 
for health care systems and societies [41, 42].

Our group therefore developed an algorithm to improve 
and accelerate the management of these patients, to allow 
safe conversion from temporary external fixation to defini-
tive internal fixation [43]. We demonstrated that the imple-
mentation of a standard algorithm directly affected the LOS 
as major cost driver: hospital LOS was reduced from 25.4 
to 16.3 days significantly (p = 0.008).

Gill et al. recently studied the effects of early conver-
sion from external to intramedullary fixation in 84 types III 
A/B open tibia fractures and identified a reduced risk for pin 
tract infections. Furthermore, the authors reported an excel-
lent union rate of 95% (80) within the 24-month follow-up 
period [31]. Unfortunately, TR-DGU does not provide us 
with detailed information on local complications such as 
wound infection or healing disorders.

With regard to intensive care, Scalea et al. reported an 
increased ICU-LOS (11.0 vs. 8.0 days) for severely injured 
patients (ISS 26.8), who received temporary external 
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fixation. In our data, the rate for external fixation increased 
with the severity of open injury (I: 54.6%; II: 67.0%, 76.5%), 
while the median ISS remained constant. However, in our 
severely injured cohort, the higher rate of external fixation 
in open fractures (37.6 vs. 63.1%) was even associated with 
a reduced ICU-LOS (p = 0.040).

Among the drawbacks of our study is the fact that we are 
unable to provide data for the further breakdown of type III 
open fractures, the timing of conversion from EF to IMN and 
late complications (e.g., non-union rates); limitations based 
on the nature of the TraumaRegister  DGU®. On the other 
hand, we are able to describe the treatment reality of open 
major fractures based on the largest cohort analyzed to date.

Previous studies recommended intramedullary nailing 
also for patients with severe open tibial fractures, even when 
limb salvage required the combination of external fixation 
and muscle flaps for wound coverage [44]. This general rec-
ommendation is not in line with our findings, indicating that 
external fixation remains the treatment reality at least for 
the majority of open tibia fractures in Germany, at least for 
severely injured patients with multiple traumas.

Okike and Bhattacharyya critically reviewed the manage-
ment of open tibia fractures and found fair evidence for both 
external fixation and intramedullary nailing [45].

A recent review from Giovannini et al. reviewed five ran-
domized controlled trials (RCTs) involving a total of 239 
patients with type III A/B open tibial fractures [46]. All 
patients underwent surgical debridement, soft tissue repair 
and fracture fixation with intramedullary nailing (IMN) or 
external fixation (EF). The authors concluded that IMN is 
associated with lower rates of infection and non-union, and 
EF involves shorter operating times and is therefore more 
suitable in multiply injured patients.

While IMN offers benefits in patients with isolated frac-
tures, our data shows that surgeons seem to favor external 
fixation in multiple trauma patients with severe open soft tis-
sue injuries. The rationale for external fixation includes the 
lower surgical burden and time saving effects; and therefore 
facilitating simultaneous life-saving surgeries. Furthermore, 
we feel it remains crucial to assess the severity of soft tis-
sue injuries associated with open long bone fractures and 
the patient general condition; in the process of clearing for 
definitive surgery and enhancing patient safety [47]. Also, 
it is critical to differentiate between isolated open fractures 
and patients who sustained multiple trauma including open 
long bone fractures in future studies [6, 29, 48, 49].

Conclusion

In multiply injured patients, open tibia fractures are com-
mon, and they are associated with increased resuscitation 
requirements, a higher number of surgical procedures and 

an increased in-hospital length of stay. However, increased 
systemic complications in severe open fractures are not 
observed if a soft tissue adapted surgical protocol is applied.
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