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DAMAGE CONTROL STRATEGY
IN THE TREATMENT OF CLOSED
FEMORAL SHAFT FRACTURES IN
POLYTRAUMA PATIENTS

SUMMARY

Polytrauma is the leading cause of death in adults up to the age of 50
years. Proper management of closed femoral shaft fractures in polytrauma
patients can greatly reduce mortality and morbidity.

The prospective study followed and analyzed 68 polytrauma patients
with 70 closed femoral shaft fractures, who were operatively treated in the
Clinical Center NiS§ from June 1, 1999 to June 1,2006.

Worsening of the overall patients' condition following the external and

internal fixation of the fractures pointed to statistically significant difference
(X’=16.40 p<0.001). Exacerbation of the condition of the polytrauma patients
with femoral fractures was more frequently documented after internal fixation
within initial 24 hours. External fixation of the fracture was followed by longer
period of fracture healing, worse functional outcome and more frequent
complications related to fracture management compared to the applied methods
of internal fixation.

The obtained results confirm the hypothesis that early internal fixation
of the femoral fractures in the polytrauma patients poses great and additional
trauma for the injured, and it can be safely performed after stabilizing the
patient condition. External fixation stands for a safe operative method for
accomplishing temporary stability of the femoral fracture in the
polytraumatized patients and a minimally additional operative trauma.
However, it is associated with a number of complications and a worse functional
outcome when compared to the internal fixation method. External fixation of
the femoral fracture in the polytraumatized patients should be converted into
internal fixation when the patient's condition allows.
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INTRODUCTION

Trauma is the leading cause of death in the
population under fifty years of age (1). Polytrauma
has been defined as a simultaneous injury of different
regions of the body, while one or the combination of
these injuries is life-threatening (2). Successful ma-
nagement of polytrauma patients has a tremendous

social and economic importance (3). Major advances
in the management of polytrauma patients in the last
twenty years has included the development of trauma
teams, institutional commitment to trauma care and
protocol based on prioritization (4). Advances in
prehospital care, resuscitation, surgical technique,
implants and intensive-care medicine have all
contributed to better treatment of patients in physio-
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logical crisis after trauma. Successful surgical
treatment of polytrauma patients requires the
approach based on prioritizing injuries (5).

An isolated femoral fracture rarely poses
any threat, but in association with multiple injuries, a
fracture assumes greater importance. Proper
management of femoral fractures in polytrauma
patients can greatly reduce mortality and morbidity
(6).

While the benefits of early internal fixation
(early total care) of fractures have been well-
documented, in some situations such as severe chest
trauma, injuries to the pelvic ring or brain injury, the
patient may not be stable enough to have definitive
surgery performed initially (7). “Damage control
orthopaedics” is an approach that stabilizes
orthopaedic injuries, so that the patient's overall
physiology can improve. Its purpose is to avoid
worsening of the patient's condition by the “second
hit” of a major orthopaedic procedure and to delay
the definitive fracture stabilization to the moment
when the overall patient's condition is optimized.
Minimally invasive surgical techniques, such as
external fixation, are used initially (8).

The aim of the paper was to present the
advantages of the 'damage control' strategy in the
management of closed femoral shaft fractures in
polytrauma patients.

PATIENTS AND METHODS

The prospective clinical study involved and
analyzed 68 polytrauma patients who were treated in
the Clinical Center Ni$ during the seven-year period
from June 1, 1999 to June 1, 2006. In the analyzed
group, there were 70 closed femoral shaft fractures.
In two polytrauma patients, femoral fractures were
diagnosed bilaterally.

In the group of the polytraumatized, the male
subjects prevailed. There were 48 (70.59%) male and
20 (29.41%) female subjects. The mean patient age
was 34.27 years. The youngest injured patient was
16, while the oldest one was 67 years of age. The
largest number of the polytrauma patients was in the
third decade of life — 17 (25.00%); second -15
(22.06%), fifth — 15 (22.06%) and in the fourth
decade-13(19.18 %).

In the analyzed group of the polytrauma
patients with femoral fractures, a dominant
etiological factor of sustaining an injury was traffic
traumatism reported in 54 (79.41%) patients. Also, a
very frequent way of getting injured was a fall from
height, documented in 12 (79.41%) cases. The
smallest number of the injured belonged to the group
of the industrial and agricultural traumatism — 2
(2.94%).

The severity of the polytrauma was
estimated by Trauma Score (Trauma Score —TS) (9).
In the least polytraumatized - stable cases - 13
(19.12%) subjects, there was a high TS, ranging from
13 to 16 scores. The mean TS from 9 to 12 scores was
reported in more severe cases - the borderline
patients - 26 (38.23%) subjects, while the lowest TS
from 1 to 8 scores was noted in the most severe cases
- unstable and critical - 29 (42.65%) subjects. The
mean TS value in the group of the polytraumatized
with high TS was 13.4 scores; in the group with mean
TS it was 10.8 scores, and in the group with the
lowest TS itequaled 7.5 scores.

In the group of the multiply-injured patients,
the head injuries prevailed, reported in 29 (42.65%)
subjects, followed by abdominal injuries in 11
(16.17%) subjects; injuries of the locomotor system
registered in 16 (23.53%) subjects and chest injuries
reported in 12 (17.65 %) subjects.

In all polytraumatized patients in whom the
method of external fixation (EF) was applied in the
treatment of closed femoral shaft fractures, the
Mitkovi¢ external fixator was applied. In the exa-
minees in whom the method of internal fixation (IF)
was applied, Kuntsher nail (intramedullary fixation)
and self-dynamisable internal fixator (SIF) by
Mitkovi¢ (extramedullary fixation) were used. The
fractures were temporarily managed by the skeletal
traction and coxofemoral plaster cast immobilization
until the surgical treatment of femoral fracture.

In the group of polytraumatized patients,
medical documentation was thoroughly analyzed
(history of disease, operative and anesthesiological
protocols, etc.) and the examinees were followed for
fourteen to sixteen months after being released from
hospital throughout regular ambulatory control
check-ups. In the polytraumatized patients, the
following items were analyzed: the time and choice
of the operative method for the treatment of femoral
fracture (external or internal fixation); length of the
orthopaedic intervention; blood loss during and after
the orthopaedic intervention; time to healing and
functional outcome for the shaft fractures (according
to Nerr numerical criterion) (10) as well as local
complications associated with the fracture manage-
ment.

During the data processing, the methods of
analytical and descriptive analyses were used. The
choice of methodological procedures was adjusted to
the aims of the study and the scientific hypothesis put
forward.

RESULTS

The median time interval between susta-
ining an injury and orthopaedic intervention external
fixation was 2.11 days and internal fixation 6.97
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days. Between external skeletal fixation and internal
fixation of the femoral fracture there was a
statistically significant difference related to median
time (expressed in days) from sustaining an injury to
the time of the operation (t=2.974 p<0.05). The
method of external fixation was favored in the past.

The median time of operation with external
fixation of the femur was 32.88 min (25-50 min);
both open and closed methods of the fracture
reposition were applied. The length of external
skeletal fracture fixation was much shorter compared
to the methods of internal fixation (time of
operationem by Kuntsher nail was 56.00 min (45-70
min) and with self-dynamisable internal fixator by
Mitkovi¢ 65.00 min (45-110 min) (Kruskal Wallis
¥'=65.523 p<0.0001).

In regard to the chosen fixation method,
there was statistically significant difference in blood
substitution during the intervention (x’=18.60
p<0.005) and the postoperative blood loss through
the operative wound drainage after orthopaedic
intervention (x’=77.53 p<0.001). Blood loss during
external skeletal fixation (operative and postoperati-
ve) in our series was statistically significantly sma-
ller than in the applied methods of internal fixation.

Of 68 polytrauma patients, deterioration of
the overall patient condition after operative
treatment of the femoral fracture was reported in
three subjects (in two patients ARDS developed and
in one patient there was worsening of the brain
function). Worsening was documented in two
subjects in whom internal fixation of the femoral
fracture was performed within initial 24 hours, and in
one subject in whom internal fixation of the fracture
was undertaken three days after injury. Worsening of
the overall patients' condition following the external
and internal fixation of the fractures pointed to
statistically significant difference (x’=16.40
p<0.001). Exacerbation of the condition of the
polytrauma patients with femoral fractures was more
frequently documented after internal fixation within
initial 24 hours.

The method of external skeletal fixation
with a Mitkovi¢ unilateral fixator as a definitive
treatment method was applied in the polytrauma
patients in the management of 9 (12.86%) closed
femoral shaft fractures. Fifty-six (80.00%) fractures
were treated by the method of internal fixation.
Conversion of external skeletal fixation into internal
fixation was performed in 5 (7.14%) femoral
fractures.

The average time of conversion of external
into internal fixation was 21.6 days (range, 21 to 40
days). In one patient we performened bilateral
conversion (Figure 1).

e ——

Figure 1. Bilaterally closed femoral shaft fracture
in polytrauma patient treated by «damage controly
Strategy

In one fracture, the external fixation was
converted into internal fixation in one-stage
procedure. The other four fractures were associated
with draining pin sites, and skeletal traction to allow
pin-site healing was used for an average of 11 days
(range, 8 to 13 days) after fixator removal and before
internal fixation. In all conversions, we used SIF by
Mitkovic.

By testing the mean time to fracture healing
after the applied operative methods in the
management of the femoral shaft fractures which
prevailed, a statistically significant difference was
determined (ANOVA F=4.670 p<0.005). Post hoc
test showed that the median healing time of fractures
treated by external skeletal fixation of 6.11+0.81
months was significantly longer compared to other
values. The median healing time of the femoral
fractures treated by external skeletal fixator in our
group of the polytrauma patients was 6.11 months
(4.5-8 months), and it was longer (statistically
significant difference) when compared to the healing
time of the fractures treated by the methods of
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internal fixation and conversion of external into
internal fixation (Figure 1).

Conversion of external
into internal fixation
External fixation

IF by SIF (comminutive)

Figure 1. Mean time to healing of
closed femoral shaft fractures

In the group of fractures managed by the
method of external skeletal fixation, good functional
outcomes prevailed. In the groups of fractures
managed by the method of internal fixation and
conversion of external into internal fixation,
excellent functional outcome prevailed. In regard to
the chosen treatment method, the difference among
them was not statistically significant (x’=6.86 n.s)
(Table 1).

Table 1. Final functional results after fracture healing

in polytauma patients
Method of Functional outcome
fixation bad poor good | excellent Total
IF by Kuntcher 1 0 3 8 12
nail (simple) 83% | 0.0% | 250% | 66.7% | 100.0%
IF by SIF 1 0 5 12 18
(simple) 5.5% 0.0% | 27.8% | 66.7% | 100.00%
IF by SIF 1 0 7 18 26
(comminutive) 3.9% 0.0% | 269% | 692% | 100.00%
EF 1 1 5 2 9
11.1% 11.1% | 55.6% | 22.2% | 100.00%
conversion of 0 0 2 3 5
EF into IF 0.0% 0.0% 40.0% | 60.0% | 100.00%
4 1 22 43 70
Total 5.7% 1.5% 314% | 61.4% | 100.00%

The occurrence of the local complications in
regard to the applied surgical method of the femoral
fracture management is shown in 7able 2.

The presence or absence of the local
complications in regard to the femoral fracture
management showed statistically significant
difference (x° =9.34 p<0.01), i.e. there were more
complications which followed external skeletal
fixation as the definitive treatment method.

Table 2. Local complications in regard to the applied
surgical method of the femoral fracture management

The local complications IF EF C%rgfnriéoﬁ;)f
. . . 0 2 0
Pin frack infection 0.0% | 22.22% 0.0%
Deep pin track infection 0 ! 0
0.0% | 11.11% 0.0%
Early disintegration of 1 0 0
implants 1.78% 0.0% 0.0%
. 2 1 0
Nonunion 3.58% | 11.11% 0.0%
.. 1 0 0
Osteitls 1.78% | 0.0% 0.0%
Total 4 4 0
7.14% | 44.4% 0.0%
DISCUSSION

The general aims in early fractures fixation
in polytrauma patients include the control of
haemorrhage, suppression of exaggerated inflamma-
tory response, relief from pain and facilitation of
nursing care (11, 12).

The most recent studies on the management
of the femoral fracture in the multiply-injured
patients offer the management algorithm focused on
two standard protocols: early total care (ETC) and
damage control (DC) (7, 8).

In the early 1990s, a variety of unexpected
complications related to the early internal fixation of
fractures of femur were described. Further reports
appeared describing an adverse outcome after ETC
including an increased incidence of adult respiratory
distress syndrome and multiple organ dysfunction.
These complications mostly developed in patients
with severe chest injuries and after severe
haemodynamic shock (13- 15).

It has been clearly shown that secondary
brain injury will occur in patients with severe head
injuries exposed to hypotension, hypoxemia and
increased intracranial pressure or reduced cranial
perfusion pressure. It follows, therefore, that
operative intervention for orthopedic stabilization of
long-bone fractures may cause secondary brain
injury if intraoperative hypotension or hypoxia are
allowed to occur (16-18).

Based on the clinical estimation of the
patient condition and polytrauma severity, the line of
treatment is decided. In the recent years, there have
been differentiated four clinical conditions based on
various clinical parameters: stable, borderline,
unstable and critical. The strategy of early total care,
i.e internal fixation can be applied in less severe
cases (the polytraumatized in stable condition) who
can endure the extensive orthopaedic interventions
of internal fixation, which pose an additional trauma.
The strategy of “damage control”, which is applied in
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the management of borderline, unstable and critical
polytraumatized subjects, is based on the positive
post-traumatic inflammatory and metabolic
response of an organism, aiming to decrease both
these responses, as well as mortality of the most
injured (3).

Pape in his study, analyzing the values of
interleukin 6 in two groups of the polytraumatized
subjects treated with early and delayed internal
fixation, concluded that the definitive operation, i.e.
internal fixation of the femoral fracture is best to
delay and perform four days after the initial surgery
(19). In his other study, he concluded that the strategy
of “damage control” stands for a good method for the
treatment of fractures in the polytraumatized at high
risk of post-traumatic systemic complications'
development (ARDS, MOF) (20).

The study of Nowotarski conducted
between 1989 and 1997 on 112 polytrauma subjects
with femoral fractures showed the initial treatment
with external fixator. During hospitalization, 33
examinees died; external fixation of the femur was
the definitive treatment method without conversion
in 16 subjects; in 59 polytraumatized (40 closed and
19 open fractures) subjects, the conversion of
external into internal fixation was undertaken. All
external fixations of femoral fractures were
performed within initial 24 hours, by means of
unilateral external fixator; the mean length of the
operation was 30 minutes. On average, conversion
into intramedullary nailing was performed 7 days
after the initial treatment (from 2 to 48 days). In 55
subjects, conversion was completed within one act,
while in 4 subjects it was delayed (after removal of
external fixator, skeletal traction was applied and
lasted 8-15 days). Healing was attained in 97% of
cases, with the mean healing time of 6 months.
Among the complications, there were 1.7% of
infections and nonunions, respectively (21).

Scalea et al. compared two groups of the
multiply-injured patients with femoral fractures
treated initially by external skeletal fixation and
intramedullary nailing. The first group comprised 43
examinees treated by external fixator, and the second
one involved 284 examinees treated by intramedu-
llary nailing. The first group of examinees had higher
injury severity score (26.8 v 16.8), lower Glasgow
coma scale (11 v 14.2), required significantly more
fluid (11.9 vs.6.2 L) and blood (1.5 L vs. 1 L) in the
initial 24 hours. The length of external skeletal
fixation was shorter compared to intramedullary
nailing (35 min vs 130 min), and intraoperative blood
loss was considerably smaller (90 ml vs 400 ml) (22).
Nowotarski and Scalea concluded that external
fixation is a safe method by means of which a
temporary rigid fracture fixation in the severely
polytraumatized can be attained.

Analyzing the influence of the femoral
fracture fixation method in respect to the time
interval from the moment of getting injured on the
overall patient condition, our results confirm the
advantage of “damage control” strategy in the
management of the polytraumatized with femoral
fractures, and emphasize the advantage of external
skeletal fixation as a safe method for accomplishing
early stabilization of the fracture in the severely
injured.

Current studies emphasize that conversion
of the external into internal fixation of the femoral
fracture is a safe method within the “damage control”
strategy applied in the polytraumatized subjects. The
method is associated with good healing, good
functional outcome followed by minor complica-
tions, while the percentage of deep bone infection
ranges from 1.7to 3% (21).

External skeletal fixation, as an initial
method for the treatment of the lower extremities'
fractures, followed by early conversion into
intramedullary nailing (in the first two weeks), is a
safe and efficient method in the strategy of “damage
control”, but not the definitive method for the
fracture management, especially femoral shaft
fractures, because of the frequency of complications
(nonunion, deep pin-track infection, knee
contracture)(22), which is also confirmed by our
results.

CONCLUSION

In the group of the polytraumatized patients
treated by early internal fixation of the closed
femoral shaft fracture in the initial 24 hours,
statistically significant deterioration of the overall
patient condition was reported, which confirms the
hypothesis that early internal fixation of the femoral
fracture in the polytraumatized subjects poses great
and additional trauma for the injured. Delayed
definitive management of the femoral fracture by
internal fixation is safe to perform after stabilizing
the polytraumatized condition, and is followed by
good functional outcome and low percentage of
complications.

In the group of the polytraumatized patients
with closed femoral shaft fractures treated by
external skeletal fixation, deterioration of the overall
condition was not reported in any of the patients.
External skeletal fixation stands for a good operative
method for accomplishing the initial stability of the
femoral fracture in the multiply-injured patients, and
poses minimally additional operative trauma.

External skeletal fixation as a definitive
treatment method was followed by a number of
complications and worse functional outcome
compared to the applied methods of internal fixation
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in the management of the femoral fracture in the
polytraumatized. External skeletal fixation of the
femoral fracture in the polytraumatized should be
converted into internal fixation, when the patient's
condition allows.

The obtained results confirm the advantage
of “damage control” strategy in the management of
the closed femoral shaft fracture in severely
polytraumatized subjects.
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SAZETAK

Politrauma je vodeéi uzrok smrti u populaciji mladoj od 50 godina. Pravilan izbor
vremena i metode stabilizacije preloma butne kosti u znac¢ajnoj meri smanjuju morbiditet i
omogucavaju brZi oporavak uz minimalni invaliditet.

Prospektivnom klinickom studijom praceno je i analizirano 68 povredenih sa
zatvorenim prelomima dijafize butne kosti (70 preloma) koji su hirurski le¢eni u Klinickom
centruu NiSuu periodu od 1999. do 2006. godine.

Pogorsanje opsteg stanja nakon spoljne ili unutrasnje fiksacije preloma pokazuje
statisticki znacajnu razliku (12=16.40 p<0.001), odnosno da smo pogorsanje opSteg stanja
kod politraumatizovanih sa prelomom butne kosti imali zna¢ajno ¢eS¢e nakon rane
operacije unutrasnje fiksacije preloma. Spoljna skeletna fiksacija preloma bila je praéena
duZim vremenom zarastanja preloma, loSijim funkcionalnim rezultatom i ce$¢im
komplikacijama u odnosu na primenjene metode unutrasnje fiksacije i konverzije spoljne
u unutrasnju fiksaciju.

Rana unutraSnja fiksacija preloma butne kosti kod politraumatizovanih
predstavlja dodatnu traumu za povredenog i nju je bezbedno uraditi po stabilizaciji opSteg
stanja. Spoljna skeletna fiksacija predstavlja bezbedniju metodu za postizanje inicijalne
stabilnosti preloma butne kosti kod politraumatizovanih uz minimalnu dodatnu
operativnu traumu, ali je pra¢ena veéim brojem komplikacija i slabijim funkcionalnim
rezultatom u odnosu na metode unutrasnje fiksacije. Spoljna skeletna fiksacija zatvorenih
preloma dijafize butne kosti kod politraumatizovanih zahteva naknadnu unutrasnju
fiksaciju kad seza to steknu uslovi.

Kljucne reci: zatvoreni prelomi dijafize butne kosti, politrauma, spoljna skeletna
fiksacija, unutrasnja fiksacija
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