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INTRODUCTION

Infection still represents one of the major complica-
tions in the treatment of open fractures though results
have improved during the last century. Break down of
the tissue barrier between the fracture zone and the envi-
ronment leaves the underlying bone prone to direct con-
tact with contaminating agents, mirrored in positive
wound cultures up to 60 %–70 % (22, 57, 58). Figures
from the 19th century demonstrate that in preceding cen-
turies the major concern was the survival of the patient
with primary mortality rates of about 50 % and anoth-
er 40 % mortality in subsequent amputations (24, 42).
Due to improved aseptic and operative techniques, sur-
vival rates of the patients increased. However, loss of
the injured extremity due to wound infection and non-
union was of major concern, especially when combined
with a major vascular trauma (9). Though survival of
the patient as well as salvage of the extremity can be
achieved today in most patients, open fractures are still
prone to complications. Ochsner (49) found in ORIF
procedures an over-all infection rate of 6,2 % in open
fractures compared to 1,9 % in closed fractures.
Depending on the anatomic site and on the severity of
soft-tissue trauma up to 50 % infectious complications
have been reported (15, 22, 73) with the tibia being most
often affected (53, 64). Thus, subsequent chronic
osteitis and/or non-union still represent today a major
source of disability and decreased quality of life for the

individual patient as well as a socio-ecconomic prob-
lem for public health systems.

CLASSIFICATION

As the severity and amount of the soft tissue damage
determine a complex treatment concept of surgical and
conservative measures, classification of these fractures
is of utmost importance. The classification system of
Gustilo et al. was established in 1976 (22) and still
included important parameters like the skin wound,
amount of muscle damage and fracture type (Table 1),
which allowed to draw therapeutic conclusions for an
individual fracture. Gustilo et al. (23) modified the clas-
sification in 1984 by dividing fracture type III into sub-
classes A, B and C (Table 2) depending on the cover-
age of bone by soft tissues and vascular compromise,
respectively. Though accused of high inter-observer
errors due to subjective influence on injury description
(4), Gustillo’s system still represents a global classifi-
cation system for open fractures. It’s simplicity makes
it prone for the use in clinical routine and it’s subgroups
allow prognostic conclusions in respect to possible com-
plications, which increase with Gustillo’s classification
number (43, 45, 73). Muhr (47) reported in a survey of
the literature the risk of acute infection in open fractures
Gustillo’s grade I with 0 %–2 %, in type II fractures of
5 % and in type III fractures of up to 10 %–25 %, respec-
tively. Weiz-Marschall (73) found a similar distribution
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in the American literature with 0 % infection rate in type
I, up to 12 % in type II and up to 50 % in type III frac-
tures.

Other classification systems like the classification
system of Tscherne and Oestern (68) (Table 3) and the
AO Müller Classification (63) (Table 4) provide more
refined descriptions of the local situation, as lesions of
bone, soft tissues and neurovascular structures and the
grade of contamination are evaluated seperately. On the
other hand their detailed classification of different
parameters in an open fracture result in a descriptive
complexity, which makes communication in daily rou-
tine more difficult than Gustillo’s classification. In many
fractures the whole amount of soft tissue damage can be
comprehended yet a few days after the trauma, when
demarcation of necroses is delayed (Fig. 1). Thus, inde-
pendently on the system used, classification of an open
fracture should be re-evaluated after the initial debride-
ment (68).

PATHOMECHANISM OF INFECTION

Contamination and virulence
Contamination of the wound is dependent on the kind

of accident with rates of primary colonization being
reported as high as 70 %–80 % (23, 37, 58, 59). Smears
reveal most often Gram-positive Staph. aureus and epi-
dermidis and in Gram-negative species Bacilli, Pseu-
domonas, Acinetobacter or Enterobacteriae (22, 40, 45,
51, 52, 61, 64). Though the microbiological pattern at
the wound site may be influenced by environmental fac-
tors (agricultural injury, gun-shot injury, water injury...)
which have to be considered in the antibiotic manage-
ment (37, 66, 76) it is well known that most infections
in open fractures are of nosocomial origin as causative
micro-organisms of infection are different to those found
in initial smears (40, 45). Kindsfater et al. (37) report-
ed that 25 % of infections were caused by micro-organ-
isms found in initial examinations and Lee (40) evalu-
ated only 8 % of microorganisms on pre-debridement
cultures to be the infectious agens. Thus, infection rates
can be positively influenced by prophylactic, hygenic
requirements. Rojcyk et al. (58) demonstrated that cov-
erage of the wound with a sterile dressing at the acci-
dent site and it’s removal under sterile conditions in the
operating room can reduce the infection rate from
19,2 % to 4,3 % (Fig. 2).

In contrast to their number the virulence of inoculat-
ed micro-organisms cannot be influenced in the stadi-
um of the acute trauma. Only a long lasting and global
change of treatment strategies with avoidance of uncrit-
ical and unexperienced use of antibiotics can provide
a successful reduction of the selection and infection with
problematic micro-organisms like multiresistant staphy-
lococci (MRSA / MRSE, ORSA / ORSE).

Local and general factors of defence
Vascularity at the fracture site represents the most

important factor in the local defence of inocculated
micro-organisms. It’s importance is mirrored in high

Table 1. Classification of open fractures according to Gusti-
lo (22)

Type I: laceration < 1 cm, clean
Type II: laceration > 1 cm, without extensive soft tissue damage, flaps

or avulsions
Type III: open segmental fracture or extensive soft tissue damage or

traumatic amputation

Table 2. Sub-classification of most severe open fracture forms
(G III) according to Gustillo (23)

Type IIIA: severe soft tissue damage, but bones are still covered by
vital muscles or periosteum

Type IIIB: bone exsposed, not covered by vital muscles or perios-
teum

Type IIIC: all open fractures with arterial damage, which require vas-
cular repair for limb salvage

Table 3. Classification of open fractures according Tscherne
and Oestern (68)

Fr. O I: Perforation of skin without or with minimal contusion and
insignificant contamination. Skin perforated by fracture fragment.

Fr. O II: Perforation of skin with circumscript contusion and medi-
um contamination, all fracture forms.

Fr. O III: Perforation of skin with distinct soft tissue damage and fre-
quent vascular and nerval compromise. Gunshot fractures and rural
fractures with severe contamination are summarized in this group
as well as all open fractures with a major vascular injury.

Fr. O IV: Total or subtotal amputation (dissection of all important
anatomic structures, especially major vessels; remaining soft tis-
sue envelope maximal one quarter of circumference).

Table 4. Classification of open fractures according to the
Arbeitsgemeinschaft für Osteosynthesefragen (AO) (63)

Skin lesion (IO):

IO 1: skin lesion from inside out
IO 2: skin lesion from outside and less than 5 cm, moderate contu-

sion of wound edges
IO 3: skin lesion from outside and greater than 5 cm, contusion and

devitalized edges
IO 4: contusion of all layers, abrasion, extensive degloving injury,

skin loss

Muscle / tendon lesions (MT):

MT 1: no muscle injury
MT 2: one muscle compartment, circumscript injury
MT 3: two muscle compartments, considerable injury
MT 4: muscle defect, tendon laceration, extensive contusion
MT 5: compartment syndrome / crush syndrome

Neurovascular lesions (NV):

NV 1: no neurovascular injury
NV 2: isolated nerval lesion
NV 3: localized vascular lesion
NV 4: segmental vascular damage
NV 5: combined neurovascular injury (inc. sub-/total amputation)

301_312_Neubauer  4.10.2006  7:07  Stránka 302



303/ ACTA CHIRURGIAE ORTHOPAEDICAE
ET TRAUMATOLOGIAE ČECHOSL., 73, 2006 CURRENT CONCEPTS REVIEW

SOUBORNÝ REFERÁT

factor contributing to the prophylaxis of wound infec-
tions (11, 26, 31, 36, 37). Though not proofed by evi-
denced data, a positive influence on bone healing and
wound infections can be observed when initial debride-
ment is started within 6 hours from injury.

In most severe soft tissue damage even primary ampu-
tation has to be considered, to avoid prolonged disabil-
ity and a limb without function after many reconstruc-
tion attempts. Especially in polytrauma patients with
a critical general state the rule “limb for life” still has
it’s values. Objective and absolute criterias for primary
amputation in open tibia fractures were defined by Lange
et al. (39) as a prolonged ischemia of more than 6 hours
in IIIC fractures and a complete destruction of the pos-
terior tibial nerve with loss of protective sensation in
adults. Discrimination between a salvagable or non-sal-
vagable extremities may be supported by the MESS-
score (28). It represents a relative easily assessable scor-
ing system, where values of >7 pts. being absolute
predictable for amputation (Table 6).

rates of infectious complications (11, 64, 66) in Gustil-
lo’s IIIC fractures. Additionally, wound morphology at
the fracture site contributes to the multiplication of
microorganisms when caves, restricted fluids or
hematomas provide an excellent local environment.
From a biological point of view fracture stabilization
with implants increases the local compromise to the soft
tissues by adding a surgical trauma and inserting a for-
eign body (45). On the other hand, there is evidence that
fracture stabilization decreases the rate of septic com-
plications (25, 74). Thus, osteosynthesis techniques pre-
serving the soft tissues by a minimal approach while pro-
viding a high amount of stability will contribute to the
prophylaxis of infection. For diaphyseal fractures these
techniques include the external fixator, the unreamed
nail and minimal invasively inserted plates bridging the
fracture zone.

Systemic factors
As most open fractures are caused by considerable

trauma, the percentage of associated injuries in these
patients is high and polytrauma not uncommon. Muhr
(48) reported in a survey of the literature 30 % poly-
trauma patients among open fractures and Schan-
delmeier et al. (60) found in a group of IIIB tibia frac-
tures only 18 % isolated injuries. Therefore additional
systemic compromise due to multiorgan failure or a sup-
pressed immune system may influence the local situa-
tion in these patients. In elderly patients and low-ener-
gy trauma pre-existing vascular disease may add further
compromise to the local situation, especially in certain
anatomic areas – like the tibia – with preexisting criti-
cal vascularity.

THERAPY OPTIONS

Open fractures are emergencies and require prompt
and adequate treatment including a complex of com-
bined bone and soft tissue procedures. The aim of treat-
ment in open fractures is the restoration of the limb’s full
function by an adequate healing of soft tissues and bone
without infection (26, 66). By respecting the established
therapeutic principles complications, especially infec-
tion rates, can be improved dramatically (Table 5).

Local debridement and soft-tissue care
The quality of the initial debridement represents the

key-point in the treatment of open fractures and their
infection prophylaxis (66). Radical removal of all devi-
talized tissues along with a copious irrigation of the
wound are of paramount importance (22, 35, 48) as the
nutritial basis for micro-organisms is removed and the
number of inoculi can be reduced by 80 % (47). How-
ever, one has to consider that irrigation with high pres-
sure pulsatile systems can add tissue damage and prop-
agate foreign bodies or bacteria deeper into the wound
(27). Debridement must include all bone areas of uncer-
tain vascularity, which can decrease infection rates dra-
matically by 33 % (12).

The time elapsing between injury and the start of oper-
ative wound debridement is considered as an important

Table 5. Decrease of infection rates in open tibia fractures by
radical local debridement

Author Year Infection rate (%)

no radical debri- radical debridement
dement, no primary and primary open
open wound wound management
management

Gustilo (22) 1976 44 % 9 %

Patzakis (53) 1983 14 % 4,5 %

Russel (59) 1990 20 % 3 %

Ketterl (35) 1990 30 % 12 %

Muhr (48) 1991 17 % 2,5 %

Table 6. Mangled extremity score (28)

Skeletal / soft tissue:

– low energy: stab wounds, simple closed fractures, 
small caliber gunshot 1

– medium energy: open or multi-level fractures, 
dislocations, moderate crush-injuries 2

– high energy: shotgun blast, high velocity gunshot wounds 3
– massive crush: railrod, oil rig accidents etc. 4

Shock:

– normotensive 0
– transient hypotensive, responsive to i. v. fluids 1
– prolonged hypotension, systolic RR < 90, responsive 

only in OR 2

Ischemia (points doubled, if exceeding six hours):

– none 0
– mild, diminished pulses without ischemia 1
– moderate, no pulse by Doppler, sluggish capillary refill, 

paresthesia, diminished motor activity 2
– pulseles, cool, paralyzed and numb without capillary refill 3

Age:

< 30 years 0
> 30 < 50 years 1
> 50 years 2
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Fig. 1. Z. W., 39 years, motorcycle accident, male, sustained
open tibial fracture Gustillo IIIc, with traumatic dissection
of the posterior tibial artery:
a) Osseous lesion represented an irregular 43-C.3 fracture

with an associated segmental fibula fracture at three lev-
els.

b) Dorsomedial laceration of the skin with distinct subcuta-
neous degloving injury, local muscle destruction and dis-
ruption of the posterior tibial artery; (AO – class.: 43 C3,
IO4, MT4, NV3).

c) After emergency debridement and surgery of the soft tis-
sues the resulting skin defects were left open and covered
temporarily with Epigard®. The tibia was fixed with a LCP-
distal tibia plate inserted via minimal invasive approach
while the segmental fibula fracture was stabilised with
ESIN rod.

d) End – end anastomosis of the posterior tibial artery at
emergency surgery.

a d
b e
c f

→
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g
h(a) h(b)
i(a) i(b)

e) Follow-up debridements resulted in distinct skin and soft
tissue defects dorsomedially, though arterial repair was
still covered by vital tissues.

f) Proximal defect was covered by a gastrocnemius flap and
healed uneventful. Distal defect was covered by a free vas-
cularized gracilis flap, which was lost due to venous throm-
bosis. Revision surgery after flap removal and covarage
with microvascular latissimus dorsi flap showed success-
ful healing without infection. Soft tissue situation 6 months
after coverage.

g) Radiographs 18 months after trauma reveal osseous bridg-
ing of the fracture zone on the lateral side, though medi-
al bridging is uncertain.

h) 18 months after trauma patient works in preinjury occu-
pation and shows unlimited range in knee and ankle joint,
though some pains are reported in the lower leg after long
distance walking (a, b).

i) 24 months after initial treatment local debridement at the
medial cortex beneath the plate (>>) and cancelous bone
grafting was performed (a, b). →
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Antibiotic treatment
Systemic administration of antibiotics represented

one key-point in Gustilo’s treatment concept (22) and it
has been proofed that the infection rate in open fractures
can be reduced by it. Patzakis et al. (51) demonstrated
in a prospective, randomized trial of 333 open fractures
that infection rates decreased to 2,3 % by the adminis-
tration of cephalothin compared to 13,9 % infections in
the group without antibiotic treatment. The selection of
antibiotics should be based on the microbiological find-
ings and must especially cover nosocomial pathogens
like Staphylococcus aureus, Gram negative bacilli or
Pseudomonas aeruginosa (22, 51, 57, 66, 74). A widely
used combination, covering Gram positive as well as
Gram negative microorganisms, includes a first genera-
tion cephalosporine and aminoglycosides (45, 76); it can
be adapted to special injury patterns and environmental
situations like farmyard accidents, water injury or
wounds with fecal contamination (66). Antibiotic treat-
ment should be started as soon as possible after the injury
and maintained long enough to destroy all micro-organ-
isms. On the other hand development of resistant
pathogens and secondary infections under a prolonged

therapy have to be avoided. Therefore, it seems reason-
able to limit antibiotic treatment for three days with
repeated three days administrations for major surgical
procedures and for wound closure (52, 66, 76).

Local antibiotic carriers
Local antibiotic carriers provide high tissue levels of

the drugs and almost no systemic toxicity, which is espe-
cially useful in severe soft-tissue damage and gross con-
tamination and/or impaired vascularity. Most often gen-
tamycin augmented beads are used to support the
antimicrobic activity of parenteral administered antibi-
otics (46, 50). Ostermann et al. (50) observed a decrease
of the over all infection rate of open fractures from 12 %
down to 3,7 % when an antibiotic therapy with
tobramycin,l cefazolin and penicillin was supplemented
by local antibiotic beads. This differences seem to be
especially significant in severe fracture forms (62).
Antibiotic beads can fill contaminated primary or sec-
ondary bone defects till they can be definitively operat-
ed on.

Facture stabilization
Most open fractures – especially of higher grade

(GII/GIII) – are unstable and require surgical fixation.
Apart from facilitated nursing and early mobilization of
the patient the mechanic stability achieved by osteosyn-
thesis contributes to the prophylaxis of bone / soft-tis-
sue infections (74). The choice of implant must be adapt-
ed to the “personality of the fracture”, especially the
anatomic site, the amount of soft tissue damage and the
degree of contamination. Implant selection in the acute
situation sometimes has to find a compromise between
an optimal biomechanic solution and a possible implant-
interference with local wound management. So external
fixators, intramedullary nails (IMN) and percutaneous-
ly inserted plates are viable options in open fractures.
However, definitive stabilization must not be achieved
initially at all costs as temporary administration of an
external fixator with conversion to internal fixation after
soft tissues recovery represents a reasonable treatment
concept (2).

External fixator (E. F.)
Application of an E. F. is usually quickly achieved

with no implant material submerged beneath the skin.
Thus, heavily contaminated fractures, extensive soft tis-
sue damage or selected situations of polytraumatized
patients are prone to the treatment with external fixators
as the fixator pins usually do not interfere with local
wound care. However, the pin positions have to be con-
sidered when a flap coverage is planned, to avoid irri-
dation of the flap design. Furthermore, external fixation
alone till osseous union is affected by complications at
the pin sites, malunion, refractures, deep infection and
non-union. Septic complications often originate from
pintrack infections (12, 21, 29) when conversion to
intramedullary stabilization is delayed (15) where infec-
tion rates of nearly 50 % are reported (44). On the oth-
er hand Blachut et al. (2) yielded excellent functional

j) 8 weeks after bone grafting the patient had an unlimited
ability of walking without any pains and radiographs
revealed beginning bony bridging beneath the plate (a, b).

a b

301_312_Neubauer  4.10.2006  7:08  Stránka 306



307/ ACTA CHIRURGIAE ORTHOPAEDICAE
ET TRAUMATOLOGIAE ČECHOSL., 73, 2006 CURRENT CONCEPTS REVIEW

SOUBORNÝ REFERÁT

Fig. 2. D. T., m., 49 years, MVA (motorcyclist versus auto-
mobile):
a) Monotrauma: open tibial fracture Gustillo IIIa, covered at

the accident site with a sterile folia coverage. 
b) Radiographs reveal a 43-B1 fracture of the tibia at the dia-

metaphyseal border with associated fibular fracture. 
c) The folia was removed in the operation theatre; after gross

inspection and cleaning of the wound the dressings were
changed and operative debridement performed. The
wound was left open initially and covered with Epigard®

skin substitute;  after repeated denbridements wound clo-
sure was achieved 2 weeks after the trauma by secondary
suturing.

d) Stabilization of the fracture with an unreamed tibial nail
(AO – UTN ). 

e) Progressive valgus malalignment of the distal fragment 6
weeks after initial stabilization. 

f+ g) Revision  surgery and correction of nail position and
alignment with the use of „Poller“ screw (asterix). Fur-
ther course was uneventful with osseous healing after 10
weeks; nail was removed after 2 years with the patient free
of complaints and unlimited occupational and recreation-
al activities.

a c
b d e

f g
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results with only 5 % septic complications, when con-
version to IMN was performed as early as two weeks
after injury. Schandelmayer et al. (60) reported in Gusti-
lo IIIb fractures of the tibia the functional impairment
due to a reduced mobility of the ankle joint and toes
clearly increased in the group of external fixator com-
pared to IMN.

Intramedullary nails
Nailing as the golden standard for the treatment of

shaft fractures can be also used in open fractures of type
I–III (2, 3, 38, 67). Krettek et al. (38) evaluated in a meta-
analysis of open tibia fractures with 341 UTN stabi-
lizations an over-all infection rate of 4 %–9 %, with
7 %–24 % infections in grade G III fractures. In com-
parison to external fixation no significant difference can
be found in the time required for bone healing and in the
rate of deep infection (Table 7). However, Bhandari et
al. (1) reported in a survey of randomised studies with
396 patients and open tibia fractures a significant low-
er incidence of reoperations, superficial infections and
malunions when the treatment consisted of unreamed
nails.

Though experimental evidence exists, that unreamed
nailing results in less endosteal vascular compromise
than reamed procedures, prospective randomized stud-
ies comparing both nailing techniques did not show
a significant difference in infection rates (14, 34). In cen-
ters of experts adequate infection rates can be achieved
with reamed nailing even in most severe fractures of
grade G III and developement of deep infection seems
to be more influenced by the quality of soft tissue treat-
ment than the nailing technique (8).

Plates
Plates are used in open fractures of periarticular and

metaphyseal location, as well as frequently in the fore-
arm. The results of classic ORIF procedures with plates
in open tibial fractures of Grade III are unsatisfactory
with infection rates of 45 %–50 % (7, 61). However,

compared to IMN plate fixation does not disturb the
endosteal vascularity and provides more stability in
metaphyseal areas (13) (Fig. 1 and 2). In contrast to E.
F. plates provide full access to the wound without the
risk of pintrack infection or malalignment. The devel-
opement of new plate/screw-systems with the possibil-
ity of angular stability offers new options in fracture
treatment (18, 71), especially when used as an “internal
fixator” (54). These internal fixator are prone to mini-
mal invasive techniques and require no compression of
the implant onto the bone for fixation. These factors as
well as the biomechanical advantage of relative stabili-
ty allow rapid secondary bone healing with callus for-
mation. In contrast to external fixation a better accept-
ance by the patient and facilitated nursing is provided as
the fixator is submerged beneath the skin (54, 71).

Soft tissue reconstruction and definitive wound clo-
sure

In the majority of open fractures primary closure of
the skin will increase the risk of infection due to tension
at the wound site and local vascular compromise. Rus-
sell et al. (59) reported deep infection rates after primary
wound closure of 20 % compared to 3 % when the wound
was initially left open. On the other hand an adequate
way of soft tissue coverage is required to avoid septic
complications from nosocomial contamination (53).
Modern artificial skin substitutes (e. g. Epigard®) or
vacuum sealing systems (Vacoseal®) provide an ade-
quate temporary wound coverage. Vacuum sealing offers
additive effects of protection against secondary con-
tamination and wound drying as well as continous con-
trol of the local wound situation (65). Applied negative
pressures of 60–80 kPa seem to induce a positive effect
on local vascularity with developement of granulation
tissues (72). The latter can eventually act in smaller
defects as the basis of subsequent soft tissue closure
without flaps (16). On the other hand unexsperienced
surgeons may loose precious time for wound coverage
when relying completely on the tissue inducing effect
(70), as vacuum sealing may fail due to drainage from

Table 7. Clinical results of open tibia fractures treated with intramedullary nailing and external fixation

Author Fracture Gustilo Malalignment Infection- Inf. surg.- Bone healing
number classific. wound-deep interface (wks)

Henley (29) (n=174) II, IIIa, IMN ur* 8 % 13 % 2 % –

(1998) IIIb E. F. 31 % 15 % 50 % –

Schandelmeier (n=41) IIIb IMN ur 2/17 1/17 – 31 wks

(60) (1997) E. F. 2/15 2/15 8/15 37 wks

Tornetta (67) (n=29) IIIb IMN ur 0/15 3/15 0/15 23 wks

(1994) E. F. 2/14 3/14 3/14 28.3 wks

Ostermann (50) (n=67) I-IIIc IMN ur – 1/20 – 23.5 wks

(1993) E. F. – 1/27 – 28.0 wks

Holbrook (32) (n=63) I-III Ender nail 21 % 7 % – 5.9 mth

(1989) E. F. 36 % 14 % 21 % 6.6 mth

* unreamed
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der line between a true infection and a simple wound
contamination, which can be found in 60 %–70 % (22,
25, 57, 58). At early stages of infection repeated wound
assessments still represent the basis of a correct diag-
nosis as auxilliary laboratory and radiographic evalua-
tions provide most often only unspecific findings.
Though abscess formations and soft tissue infections can
be dedected by radiographic imaging (sonography, CT
– scan, MRT) the value is usually limited in open frac-
tures due to sexuelae of the preceeding surgical inter-
ventions, scar formation or inlying implants. MRT can-
not evaluate infections within six weeks postoperatively
as no discrimination is possible from chronic osteitis and
inlying steel implants preclude an MRT investigation of
the affected area. Hansis defined that a postoperative
infection can be assumed when at least one classic symp-
tom of inflammation occurs along with the need of local
therapy and a positive evidence of contamination (25).
The proof of microbiological contamination requires
additional tissue specimen examination as bacteriolog-
ical smears alone reveal false negative results in about
10 % of all infections (25).

THERAPY OPTIONS IN INFECTIONS

Especially in open fractures optimal primary treat-
ment represents the best prophylaxis of infection. In an
established infection surgical interventions must focus
on the radical elimination of the inflammatory topic. In
the acute phase this frequently requires only simple pro-
cedures similar to the management of the acute injury
(radical removal of necrotic tissues, evacuation of
hematomas, irrigation of the wound etc.). After thorough
debridement further treatment can consist of open or
closed wound management. Open wound management
provides reliable results as the local situation can be
assessed continously and easily by repeated changes of
the covering antiseptic dressings. In recent years the
developement of packing wound caves with sponges and
evacuation of interstitial tissue fluids and bacteria by
continous drainage (vacuum assisted wound closure =
VAC systems) gave remarkable results. However, radi-
cal primary debridement of the wound is a prerequisite

superficial skin lesons and granulation tissues hardly
develope on implants, tendons and bones.

However, extensive tissue damage in severe open frac-
tures requires reconstruction with the use of muscle flaps
(20, 48, 70). These flaps improve the local vascularity
drastically as muscles represent the primary source of
the bone’s blood supply when the intramedullary ves-
sels are disrupted (41, 56) and thus allow to clear a big-
ger amount of inocculated bacteriae (43) as well as
a higher local concentration of applied antibiotics (35).

Thus, the decision to use flaps for wound coverage
and which kind of flaps (local or free, microvascular-
ized flaps) will be influenced by the local situation after
initial debridement and the anatomic site. If the bone is
covered by vital muscles delayed skin closure can be
achieved by continously expanding the wound edges,
secondary sutures or split skin graft. In all other cases
flap coverage is required, especially when noble struc-
tures, bone and joints or implants are exposed. If a small
area of uncovered bone is surrounded by vital muscles,
application of local muscle flaps is possible. Eggli (13)
reported in 63,2 % good results with these flaps even in
IIIB fractures of the lower leg, but emphasized the need
of radical and repeated debridement to achieve optimal
conditions before flap coverage. In doubt a free muscle
transfer is preferable, as the condition of local muscles
might be deteriorated by the trauma or it’s sequelae
(compartment syndrome!), mirrored in marked higher
deep infection rates of rotational flaps in severe osseous
trauma (55). Flap coverage at day 0 after the trauma
(“emergency flap”) represents the ideal of early defect
closure but requires optimal logistic conditions with
a microsurgical team available through 24 hours (20,
70). However, early flap coverage within one or two
weeks (5, 6, 15, 20, 21, 53, 66, 70) offers clear advan-
tages in respect to deep infection rates and osseous union
(Table 8). By respecting the basic principles of flap cov-
erage Wagner, C. et al. (70) reported success rates in the
lower leg of 95 % with local and of 94,8 % with free
flaps, respectively.

An attractive alternative in extensive defects repre-
sents the primary shortening of the extremity with con-
secutive osteotomy and callus distraction after wound
healing (10, 17, 19, 33, 38). Up to 10 % of the lower
leg’s length can be shortened without problems but soft
tissue and bone defects should be in the same segment
to achieve wound coverage without tension (70). When
primary maintainance of the original length of the
extremity is desired in segmental bone losses of more
than 4–6 cm, osteomyocutaneous transplants from the
iliac crest or the fibula (“composite flaps”) can bring
vascularized muscle tissue into the defect (69, 75).

DIAGNOSIS OF INFECTION

Allmost all infections result from an additive effect
of bacterial inoculation with different virulence and an
impairment / defect in the defence mechanisms of the
host (25). It is still impossible yet to draw a clear bor-

Table 8. Complication rates of early and delayed flap cover-
age in open tibial fractures

Author Year n Grade Time-limit Infection rate
according (average)
to Gustilo* early delayed

coverage coverage

Byrd (5) 1985 73 III b-c 15 days 19 % 60 %
(own 

classific.)*

Godina (20) 1986 532 72 hours 1.5 % 17.5 %

Caudle (6) 1987 62 III a-c 7 days 8 % 59 %

Fisher (15) 1991 43 III b 10 days 18 % 69.2 %

Gopal (21) 2000 84 III b-c 72 hours 13 % 30 %
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for vacuum sealing, which is not a substitute for thor-
ough surgical revision (72).

With an inlying implant the osteitis situation becomes
more complicated as on one hand an implant surface
never gets sterile after micro-organism colonistaion (30)
and on the other hand implant removal in critical areas
like articular lines is problematic. Fracture healing may
occur despite an existing infection if stability is provid-
ed by an inlying implant, which may be left in situ (8)
when an adequate drainage is provided. However,
implant removal should be performed early and if there
is any evidence of implant loosening, it must be removed
immediately and changed to another fixation concept,
usually an external fixator. Infections in intramedullary
nails respond well to debridement by reaming of the
medullary canal after nail removal and applying of gen-
tamycin PMMA beads (49). If there are still radiologi-
cal signs of osseous union, only the abscess is evacuat-
ed and the nail left in situ with administration of
antibiotics till full union. After osseous union the nail is
removed the bone reamed and antibiotics continued for
another 6 weeks (8, 30).

Chronic infections with septic non-union are three
times more frequently found in open fractures and cor-
related to the severity of soft tissue damage (44, 49).
They require complex procedures for the treatment of
bony defects after radical debridement and/or decorti-
cation. In cases of segmental and large osseous defects
secondary reconstruction by osteotomy and bone seg-
ment transport (10, 17, 33) or the transplantation of vas-
cularized bone grafts (69, 75) may be required. Here the
whole complex of repeated debridements and recon-
structive surgery, peri-operative physiotherapy and psy-
chotherapy as well as the compliance and environment
of the patient is required to obtain a successful out-come.
In desperate cases the tactics have to be adapted to the
local situation of the extremity and the demands of the
patient including secondary amputation.

CONCLUSION

With the developement of new operative and aseptic
techniques as well as a deeper understanding of the
pathophysiology of fractures with soft tissue compro-
mise the results have been improved during the last
decades. The careful handling of soft tissues with radi-
cal debridement of all necrotic tissues, the early cover-
age of soft tissue defects and the osseous stabilization
by minimal invasive implants contribute to the avoid-
ance of infections. However new challenges in form of
new and aggressive microorganisms (MRSA), the
increasing age of patients with poor bone stock and soft
tissues in industrialized countries, new forms of recre-
ational and occupational behaviour as well as an
increased exspeditive attitude in the treatment outcome
by the patients will demand the skill and the interdisci-
plinary undestanding of the treating surgeon.
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