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a b s t r a c t 

Background: The treatment strategy of femoral shaft fractures in polytraumatised patients has evolved 

over the years and led to improved outcomes for these patients. However, there is still controversy re- 

garding the optimal treatment strategy and surgical care can differ markedly from one country to an- 

other. We investigate the surgical treatment strategy (Early Definitive Care (EDC) or Damage Control 

Orthopaedics (DCO)) implemented in the care of severely injured patients with femoral shaft fractures 

treated at a single tertiary trauma centre in southern Finland and factors affecting decision making. 

Methods: The Helsinki Trauma Registry (HTR) was used retrospectively to identify severely injured pa- 

tients (New Injury Severity Score [NISS] ≥ 16) treated from 2006 through to 2018 with concomitant 

femoral shaft fractures. Patients < 16 years old, with isolated head injuries, dead on arrival and those ad- 

mitted > 24 h following the injury were excluded. Based on their initial surgical management strategy, 

femoral fracture patients were divided into EDC and DCO groups and compared. 

Results: Compared to other trauma-registry patients, those with femoral shaft fractures are younger 

(30.9 ± 15.9 vs. 47.0 ± 19.7, p < 0.001) and more often injured in road traffic accidents (64.1% vs. 34.4%, 

p < 0.001). The majority (78%) of included patients underwent EDC. Patients who underwent DCO were 

significantly more severely injured (NISS: 40.1 ± 11.5 vs. 27.8 ± 10.1, p < 0.001) with longer lengths of 

stay in ICU (15.4 ± 9.8 vs. 7.5 ± 6.1 days, p < 0.001) and in hospital (29.9 ± 29.6 vs. 13.7 ± 11.4 days, 

p < 0.001) than patients treated with EDC. Decision making was based primarily on injury related factors, 

while non-injury related factors may have contributed to choosing a DCO approach in a small number of 

cases. 

Conclusion: Early definitive care is the prevailing treatment strategy in severely injured femoral shaft 

fracture patients treated at a tertiary trauma centre. Patients treated with DCO strategy are more severely 

injured particularly having sustained worse intracranial and thoracic injuries. In addition to injury related 

factors, treatment strategy decision making was influenced by non-injury related factors in only a minor- 

ity of cases. 

© 2021 The Authors. Published by Elsevier Ltd. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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ntroduction 

Femoral shaft fractures typically result from high-energy forces 

nd are common injuries in polytrauma (multiply injured) patients 

 1 , 2 ]. A typical patient is a young healthy male injured in a motor

ehicle accident [ 3 , 4 ]. The treatment strategy of femoral shaft frac-

ures in polytraumatised patients has evolved over the years and 

ed to improved outcomes for these patients. However, there is still 

ontroversy regarding the optimal treatment strategy and surgical 

are can differ markedly from one country to another [5] . 
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Until the mid-1970 ′ s long-bone fractures in polytraumatised pa- 

ients were mainly treated non-operatively. Starting with Riska 

t al. showing benefit from early internal fracture fixation (within 

wo weeks) in these patients and then subsequent corroborating 

tudies, the concept of Early Total Care (ETC), where definitive frac- 

ure stabilisation occurred within 24 h of the injury, was born [6–

0] . Improved understanding of trauma pathophysiology and the 

evelopment of the “two-hit-model” led to Damage Control Or- 

hopaedics (DCO) in the late 90 ′ s. DCO involves primary external 

xation within the first 24 h of injury followed by delayed defini- 

ive fracture fixation some days later [11] . 

Today debate whether ETC or DCO is the optimal strategy for 

emoral shaft fractures in polytrauma patients is still ongoing. It 
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Fig. 1. Flow diagram of included and excluded patients and surgical management 

of femoral shaft fractures. 
s widely accepted that patients, who are deemed “stable” benefit 

rom early internal fixation, while “unstable” and “in extremis” pa- 

ients need a damage control approach [12–15] . Treatment of “bor- 

erline” patients and those with other particular concomitant in- 

uries however, remains controversial. 

We aim to investigate the surgical treatment strategy (Early 

efinitive Care or Damage Control Orthopaedics) implemented in 

he care of severely injured patients with femoral shaft fractures 

reated at a single tertiary trauma centre in southern Finland. We 

nalyse patient and injury profiles, 30-day hospital mortality and 

he factors in decision making which led to either early definitive 

are or to a damage control strategy. 

ethods 

In southern Finland the treatment of severe blunt injuries in 

dult patients ( > 16 years) is centralized to the trauma unit of 

elsinki University Hospital (HUH trauma unit) with a catchment 

rea of 1.8 million people (25% of the total Finnish population) 

ithin a 200 km radius. The Helsinki Trauma Registry (HTR), a lo- 

al trauma registry of the HUH trauma unit, was used to identify 

everely injured patients (New Injury Severity Score [NISS] ≥ 16) 

reated from 2006 through to 2018. Patients < 16 years old, with 

solated head injuries, dead on arrival and those admitted > 24 h 

ince the injury were excluded. Demographic data (age, sex, pre- 

njury ASA classification) as well as injury related NISS and 30-day 

ortality along with mechanism of injury were obtained from the 

TR. This data was used to compare characteristics, injury mecha- 

ism and outcome of patients with and without femoral shaft frac- 

ures. Injury distribution was gathered only for femoral shaft frac- 

ure patients. 

The electronic medical records of the patients with femoral 

haft fractures were reviewed to provide data regarding opera- 

ive treatment and the surgical decision making process. Death 

rior to first surgery, primary amputation of the injured limb, first 

emoral shaft fracture surgery > 24 h after hospital admission and 

ases with bilateral fractures operated using both early definitive 

are (EDC) and damage control (DCO) strategies led to exclusion 

rom this analysis. Based on the initial surgical management strat- 

gy employed in their care, these femoral shaft fracture patients 

ere divided into EDC and DCO groups. The EDC and DCO groups 

ere compared regards to the following parameters recorded in 

he HTR: NISS, age, sex, pre-injury ASA classification, ICU stay, hos- 

ital stay, 30-day in-hospital mortality, and discharge destination. 

n addition, physiological parameters including first-measured sys- 

olic blood pressure, base excess and lactate, fracture classifica- 

ion (open or closed), concomitant injury distribution (AIS Head > 3, 

IS Chest > 3, AIS Abdomen > 3), and in-hospital transfusion require- 

ents including packed red blood cells (PRBC), fresh frozen plasma 

FFP) and platelets (PLT) given within 48 h of hospital admission 

ere compared between the two groups. 

The rational for choosing a DCO approach was obtained by a 

etrospective review of the medical records of every patient in the 

CO group with the main as well as possible contributing reasons 

ecorded. 

In the case of fatalities, the cause of death was ascertained 

rom autopsy reports. Finnish law requires that an autopsy be per- 

ormed on all individuals dying due to an accident, dying under 

bscure circumstances, and dying or suspected of dying from vio- 

ence (both self-inflicted and otherwise). 

The statistical analysis was performed with the Statistical Pack- 

ge for the Social Sciences (SPSS, IBM Inc., Armonk NY, USA). Inci- 

ences are presented as counts and percentages while continuous 

ariables are presented as mean and standard deviation (SD) and 

edian with interquartile range. Differences between the groups 

ere evaluated with Wilcoxon rank sum test for continuous data 
957 
marked † in Tables 1 and 3 ), while Fisher’s exact test was used 

or categorical variables. The normality of the continuous data 

as tested, after which the Wilcoxon rank sum test was used for 

nalysing the skewed data. A two-sided p-value < 0.05 was consid- 

red to be significant. 

The administrative board of the Helsinki University Hospital ap- 

roved the study protocol. 

esults 

Amongst the 2275 patients in the HTR evaluated for the study, 

83 had femoral shaft fractures ( Fig. 1 ]. A total of 165 patients with

 total of 180 femoral fractures met the criteria for comparing the 

urgical treatment strategy between early definitive fracture fixa- 

ion ( n = 128) and damage control ( n = 37). Patients with tem-

orary fracture stabilization by external fixation underwent sec- 

ndary definitive fixation an average of 5,6 ± 3,3d after the pri- 

ary operation. 

Comparison of patient characteristics between those with a 

emoral shaft fracture and all other patients in the HTR is given 

n Table 1 . Patients with femoral shaft fractures were younger 

han other trauma-registry patients (30.9 ± 15.9 vs. 47.0 ± 19.7, 

 < 0.001). Table 2 shows the injury mechanism of the patients. Mo- 

or vehicle and motorbike accidents were more common amongst 

atients with femoral shaft fracture than those without one (64.1% 

s. 34.4%, p < 0.001). Patients with femoral shaft fractures also had 

ultiple other injuries with 67% having thoracic injuries and 43% 

aving head injuries ( Fig. 2 ). 

The 30-day in-hospital mortality in patients with femoral shaft 

ractures was 6.6% ( n = 12). Seven patients died prior to their first 

racture operation and five died following it. Immediate cause of 

eath was central nervous system (CNS) injury in five (41.7%), sep- 

is in three (25%), exsanguination in two (16.7%) and respiratory 

ailure in two (16.7%) cases. 

Femoral shaft fractures were operated under EDC principles 

n 78% of cases. As shown in Table 3 , patients who underwent 
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Table 1 

Characteristics of patients. 

Femoral shaft fracture All other trauma registry patients p -value 

Patients (n) 183 2275 –

Age † 30.9 ± 15.9 [24 (19-41)] 47.0 ± 19.7 [47 (30-62)] 0.001 

Sex (male) [%] 73.7 72.2 0.669 

ASA 3 or 4 (%) 1.6 10.2 0.001 

NISS † 31.1 ± 12.0 [27 (22-34)] 30.7 ± 12.9 [27 (22-34)] 0.240 

30-d mortality % (n) 6.6 (12) 9.7 (221) 0.189 

ASA = American Society of Anaesthesiologists Classification, NISS = New Injury Severity Score. 
† Continuous data: mean ± SD [median (interquartile range)]. 

Table 2 

Mechanism of injury. 

Femoral shaft 

fracture 

All other trauma 

registry patients p -value 

Data available (n) 181 2217 –

High fall % (n) 22.7 (41) 29.1 (646) 0.072 

Low fall % (n) ∗ 0.0 (0) 10.1 (223) 0.001 

Motor vehicle % (n) 39.8 (72) 20.9 (464) 0.001 

Motorbike % (n) 24.3 (44) 13.5 (300) 0.001 

Pedestrian % (n) 3.9 (7) 6.6 (147) 0.204 

Bicycle % (n) 1.1 (2) 6.9 (153) 0.001 

Other % (n) 8.3 (15) 12.8 (284) 0.080 

∗ Definition of low fall: < 2 m. 

Table 3 

Characteristics, hospital treatment, length of stay and discharge destination (early definitive care 

versus damage control orthopaedics at Helsinki Trauma Unit). 

Early definitive Damage control p -value 

N (%) 128 (78) 37 (22) –

NISS † 27.8 ± 10.1 [27 (22-34)] 40.1 ± 11.5 [34 (29-50)] 0.001 

Age † 30.1 ± 14.8 [25 (18-38)] 27.7 ± 12.7 [22 (19-37)] 0.428 

Sex, male, % 72.6 81.0 0.393 

ICU admission % 82.0 100 0.003 

ICU LOS (days) † 7.5 ± 6.1 [6 (2-12)] 15.4 ± 9.8 [12 (8-22)] 0.001 

Hospital LOS (days) † 13.7 ± 11.4 [11 (6-20)] 29.9 ± 29.6 [20 (12-39)] 0.001 

30-day mortality, % (n) 0.8 (1) 8.1 (3) 0.035 

Discharge destination: 

Home % (n) 31.3 (40) 13.5 (5) 0.037 

Another hospital % (n) 61.7 (79) 62.2 (23) 0.961 

Rehabilitation % (n) 6.2 (8) 16.2 (6) 0.087 

NISS = New Injury Severity Score, ICU = Intensive Care Unit, LOS = Length of Stay. 
† Continuous data: mean ± SD [median (interquartile range)]. 

Fig. 2. Injury distribution. Percentage of registry’s femoral shaft fracture patients 

having injuries (Abbreviated Injury Scale (AIS) ≥2) in head, thorax, abdomen, pelvis, 

upper/lower extremity or spine is shown. 

D

v

p

(

E

g  

d

n

b

t

s

l

r

t

s

(  

t

o

i

n

a

D

a

s

t

v

t

CO were significantly more severely injured (NISS: 40.1 ± 11.5 

s. 27.8 ± 10.1, p < 0.001) and had much longer length of hos- 

ital (29.9 ± 29.6 vs. 13.7 ± 11.4 days, p < 0.001) and ICU stays 

15.4 ± 9.8 vs. 7.5 ± 6.1 days, p < 0.001) than patients treated with 

DC. The 30-day in-hospital mortality was also higher in the DCO 

roup (8.1% vs. 0.8%, p = 0.035) and they were less likely to be

ischarged directly home (13.5% vs. 31.3%, p = 0.037). There was 

o statistically significant difference in the age and sex of patients 
958 
etween the groups. However, DCO patients had more often sus- 

ained severe head and chest traumas and required more transfu- 

ions of fresh frozen plasma, platelets and red cells although the 

ast did not reach statistical significance ( Table 4 ). 

Traumatic brain injury ( n = 13) was the most commonly stated 

eason for choosing a damage control approach according to elec- 

ronic medical records. Other reasons included hemodynamic in- 

tability ( n = 11), respiratory failure secondary to chest trauma 

 n = 6), multiple lower extremity fractures ( n = 4) and open frac-

ures ( n = 3). Open fractures in this study were either Grade IIIA 

r IIIB according to the Gustilo-Anderson classification [16] . Non- 

njury related factors (such as late hours, lack of assisting person- 

el) were suspected to have been contributing reasons to a DCO 

pproach in five cases. 

iscussion 

Our 13-year trauma registry study analysed the patient profiles 

nd surgical strategies of severely injured patients with femoral 

haft fractures treated at a single tertiary trauma centre . The pa- 

ient and injury profile in southern Finland are comparable to pre- 

ious research [ 3 , 4 ]. Surgical strategies employed in this retrospec- 

ive study follow modern principles despite the lack of a strict 
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Table 4 

Physiological parameters, compound fracture, other concomitant injuries and in-hospital transfu- 

sion requirements. 

Early definitive Damage control p -value 

N (%) 128 (78) 37 (22) –

SBP ≤ 90 (%) ∗ 11.0 25.0 0.054 

BE ≤ −5.0 (%) ∗ 33.3 60.0 0.009 

Lactate ≥ 4.0 mmol (%) ∗ 19.0 33.3 0.101 

Open fracture (%) 25.0 40.5 0.096 

AIS Head ≥ 3 (%) 14.8 45.9 0.001 

AIS Chest ≥ 3 (%) 46.0 67.6 0.025 

AIS Abdomen ≥ 3 (%) 16.4 18.9 0.804 

PRBC,% (ml) ∗∗ 69.5; [1300 (700–2700)] 89.1; [2100 (900–5200)] 0.076 

FFP 48.4; [900 (500–2400)] 81.1; [1900 (800–4400)] 0.048 

PLT 36.0; [600 (400–1100)] 56.8; [1000 (700–2000)] 0.012 

BE = Base Excess, SBP = Systolic Blood Pressure, AIS = Abbreviated Injury Scale, PRBC = Packed Red 

Blood Cell, FFP = Fresh Frozen Plasma, PLT = Platelets. 
∗ First measured in emergency department. 
∗∗ Transfused patients (%); Received millilitres 48 h (median, IQR). 
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reatment protocol regarding femoral shaft fractures in severely in- 

ured patients in our clinic [ 12–15 , 17–19 ]. Femoral shaft fracture 

atients are younger, previously healthier and are more often in- 

ured in a road traffic accident than patients with severe trauma 

ithout a femoral shaft fracture. 

The most prominent injury mechanism leading to severe 

rauma with femoral shaft fracture was motor vehicle accidents 

39.8%). Interestingly, in comparison to our analysis of severely in- 

ured patients with pelvic fractures treated at the HUH trauma unit 

006–17, MVA was the injury mechanism in only 20% of cases 

20] . Improved safety features in new cars has led to decreases in 

elvic injuries as well as decreases in head and bleeding parenchy- 

al injuries in our experience. The involved high energy seems to 

till be directed to the lower limbs potentially resulting in femoral 

haft fractures. Thus, MVA remains the principle mode of injury in 

everely injured patients with femoral shaft fractures. 

The majority (78%) of our femoral shaft fracture patients un- 

erwent early definitive treatment in spite of multiple other in- 

uries. Approximately two-thirds of all femoral shaft fracture pa- 

ients had sustained thoracic injuries and almost half suffered head 

njuries. Severely injured patients with concomitant femoral shaft 

ractures tend to be young and previously healthy, as corroborated 

y our study. This reduces the surgical risks for early definitive 

are. Intramedullary nailing was the method-of-choice for defini- 

ive femoral shaft fracture fixation. A small portion of patients 

ere treated with plate fixation when a diaphyseal fracture line 

xtended distally into the knee joint. 

Patients operated under DCO principles were clearly more 

everely injured (NISS 40.1 vs. 27.8), which also explains the higher 

0-day hospital mortality rate in the DCO group compared to 

he EDC group (8.1% vs. 0.8%). Traumatic brain injury served as 

he most common reason for choosing a damage control strategy. 

onsistent with previous literature, higher injury severity scores, 

emodynamic instability, severe thoracic injury as well as a greater 

emand for in-hospital blood-product transfusions were associated 

ith damage control treatment. These characteristics are associ- 

ted with the so-called “borderline” and unstable patients who 

ave poor response to resuscitation and where damage control or- 

hopaedics is advisable. This reasoning was also evident in the pa- 

ients’ medical records as stated by the treating surgeons. 

In five cases, non-injury related factors seemed to contribute to 

he damage control approach. Increased subspecialisation of on call 

urgeons has led to reduced exposure to IM nailing for example for 

pinal surgeons. This may raise the threshold for undertaking a po- 

entially lengthy intramedullary nailing during late hours when a 

urgical assistant is not available. External fixation is a technically 

asy and rapid procedure, and this seemed to support the ratio- 
959 
ale to choose DCO over primary definitive treatment in these few 

atients. 

The trauma system, especially in a tertiary trauma centre, 

hould be built so that treatment strategy of femoral shaft frac- 

ures in severely injured patients is not dependent on time of day 

r personnel – but solely dependent on the patient’s clinical status, 

ssociated injuries and response to resuscitation. Needless two- 

taged DCO surgery causes longer hospital stays followed by longer 

ick-leave and raises care costs [21] . Thus, temporary fracture stabi- 

ization followed by delayed intramedullary nailing some days later 

hould not be performed on a “just in case” basis. In addition, Patel 

t al. showed that the time of day at which femoral shaft fractures 

ere treated by IMN had no impact on postoperative femoral ver- 

ion or length [22] . 

External fixation of femoral shaft fractures was performed in 

our cases because of severe open fractures (Gustillo IIIA or IIIB) 

nd in three cases because of multiple other lower extremity frac- 

ures. It can, however, be argued that primary intramedullary nail- 

ng should have been the preferred surgical strategy also in these 

ases –combined with thorough debridement in patients with 

pen fractures. 

International comparison of treatment strategies shows that the 

UH trauma unit is closer aligned to our Australian than our Ger- 

an colleagues. Andruskow et al. published a comparison between 

wo trauma centres finding that EDC was employed in 70% of cases 

n Australia while DCO was chosen in 70% of cases in Germany, de- 

pite similar patient and injury profiles [5] . Our experience with 

ery similar patients led to EDC in 78% of cases. The high rate 

f damage control treatment reported from Germany is partly ex- 

lained by the data being collected nearly 15 years ago, when DCO 

as more in vogue, but also cultural/strategy difference play a ma- 

or role with German patients also staying significantly longer in 

CU treatment and in hospital. Differences in Finnish and German 

rauma care has been previously studied and overall outcome re- 

ults of the HUH trauma unit were similar to those of the German 

evel-one trauma centres [23] . 

In our unit, only seven severely injured patients with femoral 

haft fractures received primary fracture surgery later than 24 h 

rom admission. These patients were excluded from this study. De- 

ayed femoral shaft fracture ( > 24 h) fixation in multiple injured 

atients has been shown to increase the hospital LOS and adverse 

utcomes [24–26] . Also, surgical delay beyond 48 h was associated 

ith nearly five times greater mortality compared with those un- 

ergoing surgery within 12 h [27] . In addition, two large systematic 

eviews supported the fact that early long-bone fracture treatment 

as not been seen to be detrimental comparing to delayed fixation 

n multiple injured patients [ 28 , 29 ]. 
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[  
The retrospective study design and small sample sizes are lim- 

tations of this study. A larger sample sizes in each group would 

e needed to improve statistical power and robustness of findings. 

n addition, the reasoning behind surgical management decision 

s collected from the patients’ medical records are subjective es- 

imations of the most likely reasons. Furthermore, as in all reg- 

stry studies, the quality of the data must be considered. Helsinki 

rauma Registry (HTR) data is, however, previously validated and 

haracterized as high quality [ 30 , 31 ]. Five dedicated and trained 

rauma register nurses collect and code the data from the HUH 

rauma unit, into to the HTR. The strengths of our study include 

ts focus on only one tertiary trauma centre, a long study period 

nd the availability of all autopsy records. 

onclusion 

Early definitive care is the prevailing treatment strategy in 

everely injured femoral shaft fracture patients treated at a ter- 

iary trauma centre. Patients treated with DCO strategy are more 

everely injured particularly having sustained worse intracranial 

nd thoracic injuries. In addition to injury related factors, treat- 

ent strategy decision making was influenced by non-injury re- 

ated factors in only a minority of cases. 
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This was a register study and did not affect the patients’ treat- 

ent. Ethics committee approval is not required for this type of 

tudy by Finnish law. 
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