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Background: Soft tissue injuries impose additional challenge to fracture management due to high risks of infection. Adequate
skin cover, early immobilization and other interventional steps are necessary to minimize further risk of infection. This facili-
tates union and further reduce chances of infection.

Aim: To review our challenges in the management of skin and soft tissue closure in Gustilo and Anderson type III fractures in
Jos University Teaching Hospital, Jos.

Method: A retrospective study of consecutive patients treated for Gustilo and Anderson type III diaphyseal tibia and fibula
fractures in our institution from June 2003 to May 2013. Type III fractures involving were recruited after clinical and radio-
graphic review and bones stabilized with external fixators at presentation.

Results: There were 2040 fractures over this period 720 were tibia and fibula fractures and 480 were open. Most of which
were type 1 and II. Seventy-four patients made our indications,63(85.1%) males and 11(14.9%) females with male: female
ratio of 1.7:1 had type III tibia and fibula fracture between January 2004 to December 2013.There were 15(20.2%) type I11A,58
(78.4%) type I1IB and 1(1.4%) type IIIC. The mean time interval before presentation was 13.4 days. Skin cover was achieved
by direct closure (delayed primary closure) in 26 (35%),split thickness skin closure 24(32.4%) healing by secondary intention
in 7(9.4%) and flap cover in 17(23%). Complications included wound infection in 12(22.2%), delayed union in 22(29.7%),
wound dehiscence and loss of graft. The meantime taken to achieve wound cover was 15.7 days (Range of 3 days to 87 days).
Other complications noted include wound infection, pin tract infection and chronic osteomyelitis.

Conclusion: Preponderance of late presentation of patients increases the rate of infection, multiple interventions that further
worsened the wound size which could only be restored by secondary coverings.
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Introduction

J

crash, motorcycle crash and missile injuries. They are asso-

Open fractures are common and challenging orthopedic emer-
gencies [1,2]. Over 3.5 and 6 million individuals sustain open
fractures yearly in the United States of America [2,3]. These
open injuries range from a simple laceration to a mangled
lower extremity. They could also be associated with major
neurovascular complications, which may require amputation
if not treated appropriately, and on time [2]. Septic complica-
tions arise in over half of severe open fractures despite mod-
ern antibiotic therapy and improvementin operating techniques
[4,5]. Gustilo and Anderson Type III fractures may result from
various forms of trauma including pedestrian, motor vehicle

ciated with significant morbidity including prolonged hospital
stay and high cost of care [6]. Severity of open fractures is dic-
tated by the amount of external energy transmitted resulting in
soft-tissue devitalization, microbial contamination, neurovas-
cular compromised, and underlying patients’ co-morbid states.
Access to care, that is often, delayed in our setting results in
upgrade of injury at presentation and during the process of de-
bridement [5]. Early intervention entails recruitment of surgi-
cal prophylaxis and therapeutic protocols.This implies that our
intervention must rescue and restore the tissues from threats to
live and limb [6].
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Appropriate and optimal skin and soft tissue cover 1s an 1m-
portant component in management of open fractures. Success
rate of closure of type IIIB is often as high as 50% [6]. This is
enhanced by structured guideline with a management protocol
that allows careful adherence to laid down surgical technique.
This is of utmost importance since the amount of soft tissue
damage, its management and sequelae are critical to the out-
come of open fracture management. In extremely severe cases
of open fractures, amputation could be an option in the evolu-
tion of care. However, with early and appropriate intervention
this is avertable. Various recommendations in the care of open
wounds revealed timing of closure adduced as an inexact sci-
ence [6]. However, when closure is performed appropriately
and in time, outcome improves.

This is our experience in the management of skin and soft tis-
sue covering in patients with Gustilo and Anderson type III
tibia and fibula fractures in our institution. We sought to verify
the challenges associated with closure of type III wounds of
varying etiology, presenting at different time intervals with dif-
ferent morbid states. The role of various mode of wound clo-
sure and their indications are also highlighted.

Patients and Methods

This is a ten-year retrospective study of management of Gusti-
lo and Anderson type III fractures of tibia and fibula between
January 2004 and December 2013 at the Jos university teach-
ing hospital (JUTH). There were 2040 fractures over this pe-
riod 720 were tibia and fibula fractures and 480 were open.
Seventy-four certified our criteria which were mainly type 111
diaphyseal fractures of the tibia and fibula. Patients with man-
gled extremities and injuries that were meant for amputation,
multiply injured were excluded. Metaphyseal, intra articular
fractures, type I and II fractures and any tibia and fibula frac-
ture not treated with external device were also excluded.

Patients with gangrene, those with severe co-morbid states war-
ranting ICU care, those who left against medical advice were
also excluded. There were 63(85.1%) males and 11(14.9%)
females with male: female ratio of 1.7:1 and all had type III
tibia and fibula fracture. Resuscitative interventionism forms
of corrections of electrolyte derangements, correction of ane-
mia, control of pain and bleeding and toileting with control
of foul putrescent smells. Subsequent debridement and exter-
nal fixation used as means of stabilization of the fractures. All
the treatment were offered in the orthopedic department of the
same hospital.

Treatment involved debridement, daily wound care, inspection
routine microbial prevention and surveillance, with the goal of
achieving various forms of cover. Fractures were stabilized af-
ter resuscitation and debridement by external device. Interven-
tions were in collaboration with the Plastic and Reconstructive
surgeons of the surgery department of same hospital Data were
extracted from patient files, theater records and operation reg-
ister. We sought for bio-data, mode of admission, surgical in-
terventions and the overall outcome. Ethical approval obtained
from the committee on ethics of Jos University Teaching Hos-
pital. Data was analyzed using epi info version 3.5.3.

Results

There were 2040 fractures over this period 720 were tibia and
fibula fractures and 480 were open amounting to 66.7% preva-
lence over ten years. Among those that fulfilled our indications,

sixty-three patients were male and eleven were female (M: F
5.7:1). The age of patients ranged from 15 to 70 years with a
mean age of 37.97+13.57 years. Most injuries were within the
age groups of 31 to 40 years and 21 to 30 years with 22(29.7%)
and 20(27.0%) respectively. Table 1 shows the age groupings
at which the accidents occur with age range of 11 to 70 years.
Table 2 shows the mechanisms of injuries in which 25 (33%)
were due to motorcycle crash, 20(27%) were due to gunshot
wounds, 19(25.7) from motor vehicle crash, pedestrian injuries
9(21.2%) and falls 1(1.45). Table 3 shows the various sub-sets
of grade III injuries were 15(20.2%) grade IIIA, 58(78.4%)
with I1IB and one (1.4%) with grade IIIC Table 4 show the
respective method of skin closure.

Mean duration of hospitalization was 76 days. Forty-one in-
juries (55.4 %) were on the right leg while 33(44.6%) on the
left leg. On the day of injury, twenty-five patients (33.8%) pre-
sented, 34(45.9%) presented between the second and seventh
day of injury, 7(9.4%) presented within the eight to fourteenth
day while 8 (10.8%) presented after two weeks of injury. Those
with frank soft tissue and bone infection were 40(54.1%) most
of which were those that presented late and had sought treat-
ment in peripheral hospitals and traditional bone setters. Those
without evidence of infection were 22(29.8%) while12(22.2%)
that developed infection on the ward were type IIIB. Directly
closed wounds were 26(35%) with dehiscence in 5(6.7%),
24(32.5%) had split thickness skin grafting with 3(4%) having
over 50% lyses while in 17(23%) flap that were raised 2(2.7%)
were loss to infection, 7(9.5%) were allowed to heal by sec-
ondary intention. Patients with delayed presentation had pro-
longed hospitalization and type IIIB had more infection rate.

Table 1: Age range of patients.

Age range | Frequency | Percentage
1-10 0 0

11-20 6 8.1%

21-30 20 27.0%
31-40 22 29.7%
41-50 12 16.2%
51-60 9 12.1%
61-70 5 6.7%

Total 74 100%

Table 2: Mechanisms of injury.

Aetiology [Frequency |Percent
FALL 1 1.4%
Gunshot 20 27.0%
MCA 25 33.8%
MVA 19 25.7%
PED AC |9 12.2%
Total 74 100.0%

Abbreviations: MCA- Motorcycle Accident; MVA- Motor ve-
hicle Accident; PED AC- Pedestrian Accident

Table 3: Grades of Gustillo and Andersson Type II1.

Frequency Percent
111A 15 20.2%
111B 58 78.3%
111C 1 1.5%
Total 74 74 | 100%

Direct closure 26 |35.1%
Flap 17 123.0%
2"intension |7 [9.5%
STSG 24 132.4%
Total 74 (100.0%
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Discussion

The predominance of tibia fractures over other fractures in term
of occurrence have been highlighted.70ut of 720 tibia and fib-
ula fractures that presented during the ten-year period 480 were
open. There is a gross preponderance of young adults sustain-
ing open fractures; this is similar to findings within the region
and worldwide where it is found in significant number of vic-
tims of high energy trauma [7]. Indeed, trauma is a disease of
the young (Table 1) [7,8]. Various traumatic conditions can be
responsible for type III fractures among these were gunshots,
falls, motorcycle injuries, motor vehicle crash, pedestrians and
direct assaults (Table 2). The high number of motorcycle acci-
dents constituting the highest 25(33.8%) and gunshot injuries
19(25.7%) reveal increasing civilian cosmopolitan high-ener-
gy injuries with attacks occurring at the fringes of the city by
unknown assailants. Others were motor vehicles accidents and
pedestrian injuries. The common denominator among these in-
juries is their similarity to injuries with high velocity missiles
presenting with bone comminution and large soft tissue defect
which make their healing process prolonged and prone to nu-
merous complications [9].

Treatment of Gustilo and Anderson type III fractures of tibia
requires aggressive debridement, adequate fixation and early
flap coverage of soft tissue defect [6,10]. This therefore re-
quires a multidisciplinary approach in order to achieve a favor-
able outcome.

Restoration of both structure and function require varying in-
terventional treaties [10]. But our patients presented on two
different timelines. The early presenters were rescued from
immediate life and limb threats while the late presenters were
rescued from potential limb threatening conditions. In spite of
these, all had to be resuscitated as they presented with varying
degree of constitutional derangement such as anemia, sepsis,
dehydration, severe pain, electrolyte imbalance and poor gly-
cemic control. Only 25(33.7%) patients presented within the
first day of injury. Therefore, intervention and demand of this
category of patients must involve commence with ATLS proto-
col.10 In this setting, life threatening conditions included acute
blood loss, derange clectrolytes, malnutrition and co-morbid
conditions emanating from other ailing diseases like diabetic
mellitus, retroviral diseases and sickle cell disease. Early re-
view of the wound with the plastic surgeons and involvement
of the vascular surgeon at the slightest suspicion of major vas-
cular compromise to the extremity is of import. Clinical pho-
tography allows for easy review of the wound without causing
further distress to the patient with repeated change of dressings
[8,10]. It also allows for comparison of real time status of the
wound with the initial appearance. Control of pain and the ad-
ministration of anti-tetanus prophylaxis and antibiotics were of
utmost importance at this stage too.

Initial provisional stabilization devoid of pain is necessary to
prepare for imaging and other investigations that may involve
movement of patient or the body parts. However, most of them
present wounds at various stages of healing and deterioration.
Deodorization and toileting was of necessity among the late
presenters who often had foul smelling and discharging necrot-
ic wounds. At this stage initial use of agents such as hydrogen
peroxide or metronidazole with copious irrigation have been of
immense usefulness. However, the fear of infection and further
breakdown usually makes the timing of wound closure in open
fractures very controversial [11-13]. In most of these wounds,

infection was already established 40(54.1%). This was a con-
sequence of delay in presentation that further led to more de-
vitalization of tissues of skin, fascia and the bone, requiring
further excision. Additional larger soft tissue and bone defects
are created in the process. This situation, in which 40(54.1%)
presented with established infection, the need for thorough and
radical excision of necrotic, non-viable and devitalized tissues
is mandatory. However, this may not be achieved in single ses-
sion. Therefore, serial intervention to render the wound bed
clean and healthy is required. It is in view of this that open
fractures of the extremity are regarded not only orthopedic
emergencies but leading cause of devastating complications
and prolonged rehabilitation [13].

However, no clinical guidelines or protocols are available to
determine which wounds are amenable to immediate closure
[15]. In order to ameliorate this, adequate knowledge of various
methods of wound covering suffices. The wound is relieved of
sequestrum, foreign bodies, undermined dead space and pock-
ets of purulent fluid that are toxic to healing and callus forma-
tion. Consequence of delayed presentation and the attendant
established infection is the infliction of extensive tissue loss
in this group of traumatic wounds. Apart from tissue necrosis
cause by infection, wound excision further creates extensive
soft tissue and bony defect that must be filled.

Delayed definitive wound closure is the worldwide acceptable
standard while immediate wound closure may be inappropri-
ate in this scenario because of the questionable status of the
underlying tissue beds [12]. Since no ideal timing of wound
closure is defined there is need to prioritize protocols with use
of wound cultures obtained before and after debridement and
irrigation [14]. A scientifically based knowledge of reconstruc-
tive ladder is therefore noteworthy and provides alternatives
to successful management of these wounds after infection is
controlled. This will aim at restoring contaminated, traumatic
or infected wounds to a near physiologically clean surgical
wound. The traditional delay in closure of open fractures after
initial debridement was meant to minimize the risk of compli-
cation especially deep-seated organ site infection [5,15].

Advancement in debridement protocol and antibiotic usage
now puts the six-hour golden rule into question [9,16]. But it
is known that inflammatory phase begins at approximately 6
hours; cytokines and other chemical mediators are released,
which attract lymphocytes, granulocytes, and other inflamma-
tory cells to the area and the numbers of these cells peak at
about 24 hours [16]. Nevertheless, it still suffices to embark on
this in order to obtain favorable outcome.

Moreover, the preponderance of farmyard and gunshot injuries
with unlimited contaminants and the high tendency to further
deteriorate entails that all protocols available in surgical pro-
phylaxis must be applied in open fractured wounds. Other use-
ful measures of reducing bacterial load such as jet and pulse
lavage, suction dressings, use of antibiotic beads and pouches
in the wounds were useful in reducing duration of preparing
the tissue bed for secondary procedure [17]. Antibiotics were
administered based on sensitivity pattern after the empirical
usage at peri-operative period. It was stopped five days after
wound cover was achieved against the 3 days recommended
[4.10,18].

Although all the wounds were from traumatic injuries and pre-
sented at different morbid states none of the patients resulted
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in amputation. All the wounds however, required similar in-
tervention protocol but to a varying extent of aggression. This
is in line with the suggestion that open fractures of tibia that
requires closure should be treated with high priority of early
debridement, rigid fixation and early flap coverage [11,18]. To
a large extent these wounds required multiple interventions at
the slightest suspicion of structural deterioration and microbial
invasion. These interventions created further extensive wound
excision hence larger wounds were created. These large de-
fects of varying sizes present with management challenges that
required both scientific and contextual experience and early
corroboration with plastic surgeons. This, not withstanding, re-
quires basic knowledge of local vascular anatomy that assists
in flap design of appropriate local and regional flap that enables
the management of vast majority of open fractures such as in
the tibia. 1 1Favorable outcome was achieved in all cases except
in one free flap that failed.

A low-pressure delivery of normal saline was of great impor-
tance as it does not reduce its diluting ability in reduction of
bacterial load in the wound. Its role by virtue of its accessi-
bility, availability tissue compatibility has been alluded to.11
However, more irrigation fluid had to be used for patients that
presented late in addition to dilute disinfectant to further re-
duce the burden of microbial load. Although high pressure ir-
rigation is said to have greater prowess of dilution ability its
accessibility and cost does not encourage its frequent use in
our setting. Besides its comparative efficacy is not superior to
the low-pressure method [11]. The use of tap water had been
reported and is equally effective but the chance of growing
pseudomonas species can be high [10,20].

Most of those presenting on the first day were gunshots which
precluded immediate wound closure. Where bones were ex-
posed and desiccated with impending sequestrum treatment
was dictated by evolving status of the wound. Among treat-
ment offered were initial toileting, trephining to permit granu-
lation tissue sprouts and neurectomy in order to rid the wound
of extensive microbial load. With these, revascularization is
enhanced; healthy granulation tissue bed established for split
thickness skin grafting and free flap and for fracture union to
establish

Several methods of wound covering procedures undertaken
range from simple direct skin cover, split thickness skin cover,
local flap, healing by secondary intention. Despite a better ear-
ly outcome of closure in type IIIA wounds, 5(6.7%) had wound
dehiscence but were salvaged subsequently. In split thickness
skin cover, 3(4%) had over 50% lyses while 2(2.7%) free flaps
lost to infection. In all these pseudomonas spp were involved.
The type of skin closure offered to each grade depends on sev-
eral factors such as the sub type of the injury as determined
by the degree of soft tissue loss, site of skin loss, the duration
between injury and presentation, extent of skin and facial ne-
crosis, muscle loss and the extent to which bone is exposed. It
is a known fact that early closure of open fractures prevents
infection and encourages revascularization of the underlying
periosteum. It also decreases the requirement for subsequent
debridement and soft tissue procedures with shortened hospital
stay and minimal morbidity [13,14]. Unfortunately, we do not
have the chance of having early patient presentation in our set-
ting. Only 25(33.7%) of our patients presented on the day of
injury while the rest presented between the second and thirteen
weeks.

Although most of the wounds were successfully covered us-
ing the known methods, a category of open fractures exist that
require methods that are more sophisticated. These were distal
third tibia defects and pose formidable challenge to the ortho-
pedic and plastic and reconstructive surgeons [10]. Distally
based pedicle flaps had to be employed to yield satisfactory
results. This is evident by the flap take and incorporation us-
ing the short-term outcome measures. The large sizes of the
wound potent the use of cross leg flaps as an option especially
where size of the wounds is greater than 1.5 zones or 1.5 com-
partments especially where microvascular flaps are not readily
available [10]. Microvascular flaps have broadened the latitude
of treatment offered to grade IIIB fractures. Free vascularized
osteoseptocutaneous flap has been described as effective alter-
native in the management of type IIIB tibia fracture using one
stage procedure [14,19].

The role of stabilization of the fracture with external fixators
cannot be underestimated in managing these fractures. This
need arises because most grade III open tibia fractures were
managed by some degree of delayed soft tissue cover2 and the
need for regular unobstructed access to the wound is required.
Delay was in order to ensure a healthy tissue bed so that a sim-
pler split thickness graft can be unhindered. It has been alluded
that immediate primary closure of open fracture wounds af-
ter thorough debridement appear to cause no increase in in-
fection13 especially in selected few that presented early and
devoid of gross contamination. Primary closure could not be
embarked in a third of the patients because they had gunshot
injuries. The need for delay was predicated on the background
status of the wound which were grossly contaminated, pres-
ence of devitalized tissues and established infection. In our
study 40(54.1%) presented with established infection and the
need for thorough debridement involving neurectomy and
radical wound excision and copious irrigation was mandatory.
Thereafter, there was the need to accompany such with serial
unrelenting debridement in order to create a healthy tissue bed.
Considering the extensive open injuries that were at different
stages of contamination and infection, various methods were
devised to achieve favorable outcome. Although bone union
and the limbs were salvaged in all cases, some developed
chronic discharging sinus, ugly scars and hyperpigmentation.
Wound covering of type III fractures is major challenge and
requires early multidisciplinary approach [10,19]. In order to
achieve proper fracture union in contaminated and infected
wounds, early intervention in form of debridement, copious ir-
rigation and stabilization and adequate skin cover is required
to forestall morbidity associated with open wounds. Proper at-
tention and meticulous painstaking strict aseptic protocol must
be undertaken early since this provides an index of outcome
of care. Recent advances in stabilization depicted by external
fixation provides main support and allows room for easy ac-
cess for routine inspection, cleaning and decision making and
reconstructive procedures have improve the outcome of man-
agement [19,21].

Most importantly, these injuries require dedicated team ap-
proach with a team leader that has vast knowledge not only
in functional anatomy22 but also biomechanics of the lower
extremity.

In conclusion, open wound resulting from fractures of the ex-
tremities result from various causes may be a source of threat
to limbs and life. Early and aggressive intervention in form
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of serial debridement and copious 1rrigation, stabilization with
external device can ameliorates these. Knowledge of soft tis-
sue care required to achieve acceptable wound coverage.
Prompt evaluation and collaborative intervention with plastic
and reconstructive surgeons in achieving wound coverage is
of immense importance. Interestingly, more complex injuries
require more aggressive and early intervention. This was car-
dinal in the successful rescue of the only major (type IIIC) vas-
cular injury treated.

The limitation of the study is that it is hospital based retrospec-
tive study. Statistics are limited to the available records. Equal-
ly important was the great variation in time of presentation to
the hospital among the patients. A prospective will be more
succinct, sorting out of patients in different injury — presenting
time and monitor their challenges with respect to healing and
complications.
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