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ABSTRACT

Background: An open fracture with extensive soft tissue defects still remains one of the most delicate and
challenging problems in trauma surgery. Severe bone and soft tissue injuries produced by high velocity trauma
have become one of the common causes of morbidity and mortality all over the world. The prevention of infection
and non-union in open fractures has changed dramatically over the last 15-20 years mainly as a result of improved
plastic surgery techniques, but also because orthopedic surgeons have become more aware of the importance of
debridement and early soft tissue cover and are now less absorbed by the minutiae of fracture fixation. The goal in
the prevention of infection and non-union in compound fractures is to preserve the limb that is more functional than
an amputated limb with prosthesis. Achieving this goal requires the current and timely management of both the
bone and soft tissue defects. Various methods are followed with their advantages and drawbacks. The main aim is
to study the different modalities of prevention of infection and non-union in compound fractures and to present our
experience of primary soft tissue covers in the prevention of infection and non-union in compound fractures.
Methods: In a prospective study conducted in the department of orthopedics of Guntur Medical College/
Government General Hospital, Guntur, Andhra Pradesh, 60 cases of open fractures from September 2010 to Oct
2012 were admitted. All the cases were treated as per protocol with thorough debridement and early skeletal
stabilization and wound coverage, bone grafting whenever necessary and finally fracture loading in cast or ilizarov.
Plastic Surgeons were involved early in all the flap covers. Cardiothoracic and Vascular Surgeons were involved in
Grade IIIC injuries. Patient was followed up regularly every 4 to 6 weeks and fracture union was tested
radiologically and clinically. Status of the soft tissue cover was noted. When sufficient union was present, fixator
was removed and the limb was put in below knee functional cast brace. Patients were called up for regular follow-
ups to review the progress. On follow up assessment was done recording the status of the wound, clinical and
Radiological evidence of fracture union, range of mobility at knee and ankle joints, function of the limb and
complications. Results: Out of 60 cases selected for the study age ranging from 1 year to 70 year, maximum
cases 33.33% were in the age group of 21-30 years and 45 patients (75%) were male and 15 (25%) were female
group. Most of the injury was due to RTA which were 48 cases (82.5%). 15 cases (25%) were in Type |, 12 cases
(20%) were in type Il and 36 cases (55%) were in type lll Gustilo-Anderson classification. As per anatomical
distribution, 42 cases (70%) involved tibia, 8 cases (13.33%) involved femur, 6 cases (10%) involved humerus and
4 cases (6.67%) involved forearm bones. Skeletal stabilization was done by plaster in 6 patients (10%), external
fixation in 36 patients (60%) and by internal fixation in 18 patients (30%). Primary closure was done in 10 cases
(16.67%), delayed primary closure was done in 7 cases (11.67%), split skin grafting was done in 27 cases ( 45%),
flap coverage was done in 8 cases (13.33%) and in 8 cases (13.33%) wound were left open and they healed.
Complications included in the study were pin tract infection in 9 cases (15%), equines in 5 cases (8.33%), knee
stiffness in 4 cases (6.67%), toe clawing in 2 cases (3.33%), Non union in 6 cases (10%), chronic osteomyelitis in 4
cases (6.67%) and shortening in 5 cases (8.33%). There was no neurovascular damage, compartmental syndrome,
failure of fixation or amputation. Overall result in our study was excellent in 30 patients (50%), good in 20 patients
(33.33%), fair in 6 patients (10%) and poor in 4 patients (6.66%) Conclusion: From our study we concluded that
majority of the compound fracture seen in leg and are due to road traffic accident. Males are more commonly
involved than females. Most of the fractures are Type Il Gustilo-Anderson. The External fixator is useful apparatus
for early stabilization and early wound coverage in type Il fractures. Internal fixation given excellent results in Type |
& Il fractures, similar that of closed fracture. Early debridement and wound coverage is the single most determinant
of the fracture out come. Dynamization is useful for early union of fracture. Bone grafting is useful in case of
delayed union for union of fractures. Complications like joint stiffness are best compared to conservative

methods.
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INTRODUCTION

An open fracture with extensive soft tissue defects
still remains one of the most delicate and
challenging problems in trauma surgery. Severe
bone and soft tissue injuries produced by high
velocity trauma have become one of the common
causes of morbidity and mortality all over the
world. The prevention of infection and non-union
in open fractures has changed dramatically over the
last 15-20 years mainly as a result of improved
plastic surgery techniques, but also because
orthopedic surgeons have become more aware of
the importance of debridement and early soft tissue
cover and are now less absorbed by the minutiae of
fracture fixationl. Open injuries expose many
tissues like bone, tendon, nerves and vessels which
are all tend to at risk when left exposed2. Hence it
is important to give wound cover as early as
possible. Here distinction must be made between
wound cover and the wound closure. While early
coverage is advantageous, imprudent closure can
result in disasters. Attempts at tight closure in
swollen limb or in a limb with potential for
swelling in 48 hours of post operative period can
lead to many complications like skin necrosis,
compartmental syndromes and increase in infection
rate3. Primary flap cover may be given if initial
debridement is adequate. It would be advisable here
to give primary soft tissue cover in day 1 to cover
the defect of the limb. The goal in the prevention of
infection and non-union in compound fractures is
to preserve the limb that is more functional than an
amputated limb with prosthesis. Achieving this
goal requires the current and timely management of
both the bone and soft tissue defects. Various
methods are followed with their advantages and
drawbacks conservative management, pins and
plaster, dynamic traction, primary internal fixation
with IM nails or plates, functional bracing which
are some of the traditional approaches. These range
from external fixator application and simple skin
grafting to complex micro-vascular techniques4.
The main aim is to study the different modalities of
prevention of infection and non-union in compound
fractures and to present our experience of primary
soft tissue covers in the prevention of infection and
non-union in compound fractures.
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MATERIALS AND METHODS

This study was a prospective study conducted in
the department of orthopedics of Guntur Medical

College/ Government General Hospital, Guntur,
Andhra Pradesh. 60 cases of open fractures were
admitted from September 2010 to Oct 2012. The
main aim is to study the different modalities of
prevention of infection and non-union in compound
fractures and to present our experience of primary
soft tissue covers in the prevention of infection and
non-union in compound fractures. All the cases
were treated as per protocol with thorough
debridement and early skeletal stabilization and
wound coverage, bone grafting whenever necessary
and finally fracture loading in cast or ilizarov. After
haemodynamic stabilization of the patient, wounds
were thoroughly cleaned up with saline irrigation,
dressed accordingly and splinted suitably. Detailed
systemic examination of the patient and local
examination of the wounds were done.
Radiological examination of the limb was carried
out. Along with classification of fractures, other
details such as nature of the fracture and type of the
wound were noted. Anti tetanus serum was given to
badly contaminated wounds in addition to Tetanus
injection. Patients were put on triple antibiotics of
penicillin, aminoglycosides and metronidazole.
Once the patient was fit for surgery, in the
operation theatre, after induction of anaesthaesia,
wounds were cleaned once again and thorough
debridement was carried out and swabs were
collected for culture and sensitivity. Fracture was
exposed and reduced and fixed by means of either
external or internal fixation. The type of fixator
constructed and number of pins inserted, depended
up on the size of the fragment and degree of
comminution to get the stable fixation of the
fracture. Plastic Surgeons were involved early in all
the flap covers. Cardiothoracic and Vascular
Surgeons were involved in Grade HIC injuries. The
wounds and pin tracts were dressed regularly to
prevent infection. Antibiotics were administered in
all cases and changes were made according to the
culture and sensitivity reports. Early active
movements of the joints were encouraged and
crutch ambulation was started when general
condition of the patient permits. Patient was
followed up regularly every 4 to 6 weeks and
fracture union was tested radiologically and
clinically. Status of the soft tissue cover was noted.
When sufficient union was present, fixator was
removed and the limb was put in below knee
functional cast brace. Patients were called up for
regular follow-ups to review the progress. On
follow up assessment was done recording status of
the wound, clinical and Radiological evidence of
fracture union, range of mobility at knee and ankle
joints, function of the limb and complications.

RESULTS

From the data collected from the 60 cases selected
for our study from September 2010 to October
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2012, 3.33% cases were in the age group of 1-10 Table 2: Showing sex incidence
years, 5% cases were in the age group of 11-20 Sex No. of Cases | Percentage
years, 33.33% cases were in the age group of 21-30 ';/'alel ‘112 Zggjo

0 i . emale b
years. 28.33% cases were in the age group of 31-40 ol 5 100%

years, 21.67% cases were in the age group of 41-50
years, 3.33% cases were in the age group of 51-60
years and 5% cases were between 61-7- years of

Table 3: SHOWING Nature of Violence
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. Cause No. of Cases Percentage
age group [Table 1] [Figure 1]. RTA 8 80%
Fall from 9 15%
Table 1: Showing age incidence. height
Age in years No. of Cases Percentage Other 3 5%
01-10 yrs 2 3.33% Total 60 100%
11-20 yrs 3 5%
gi:ig i:: ig gggg:ﬁ: 33 3.Nature of violence
4150 yrs 13 21.67% g ]
51-60 yrs 2 3.33% $%
6170 yrs 3 5% §207 ay =
[+ s T T T
RTA Fall from height other

1.Ageincidence

Figure 3: SHOWING Nature of Violence

201

Compound fracture was classified according to
| & A ‘ Gustilo-Anderson classification. 15 cases (25%)
DLHWMWSM - ;;;;;3 were in type |, 12 cases (20%) were in type Il and

B T 36 cases (55%) were in type Il Gustilo-Anderson

classification [Table 4] [Figure 4].

Table 4: Showing Overall Functional Result

Figure 1: Showing age incidence. No. of Cases Percentage
Type | 15 25%

Out of 60 patients, 45 patients (75%) were male Type Il 12 20%

and 15 (25%) were female group [Table 2] [Figure Type HI 36 55%

2] TOTAL 60 100%

4.Type of fracture

2.Sex incidence .
) 15 12
o S0 #

- o |'/} : : |'/
a0 7 __..' Typel Type Il Type 1l
20 7 . Figure 4: SHOWING Type of Fracture (Gustilo-
o 4 —_— g yp (
T T T

No. of Cases
o
[=]

Anderson)
MALE FEMALE
i i _ As per anatomical distribution, 42 cases (70%)
Figure 2: Showing sex incidence involved tibia, 8 cases (13.33%) involved femur, 6
Most of the injury was due to RTA which were 48 cases (10%) involved humerus and 4 cases (6.67%)
cases (82.5%), 9 cases i.e. 15% were as a result of involved forearm bones [Table 5] [Figure 5].

fall from height and other were 3 cases i.e. 5%
[Table 3] [Figure 3]

Table 5: Showing Anatomical Distribution

No. of | % Sex G.A. Classification
cases Male Female | 1] 111
No | % No % No % No. % No. %

Tibia 42 70% 33 | 78.58% 9 21.42% 8 19.05% 8 19.05% 26 61.9%
Femur 8 13.33% 6 75% 2 25% 2 25% 2 25% 4 50%
Humerus 6 10% 4 66.67% 2 33.33% 2 33.33% 3 50% 1 16.67%
Fore arm 4 6.67% 2 50% 2 50% 2 50% 1 25% 1 25%
bones
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S.anatomical distribution

Fore amm bones

Figure 5: Showing Anatomical Distribution

Skeletal stabilization was done by plaster in 6
patients (10%), external fixation in 36 patients
(60%) and by internal fixation in 18 patients (30%)
[Table 6] [Figure 6].

7.Type of Soft tissue cover
30 2

25
20
1s
10
w /I 7 | |
E l l '
Primary Delayed Leaving Split skin Flap

closure primary wound open graft coverage
closure

Figure 7: Showing Type of Soft Tissue Cover

Table 6: Showing Type of Skeletal Stabilization

Subsequent procedure included ilizarov in 4 cases
(6.66%), free fibular graft in 3 cases (5%), LRS in
2 patients (3.33%) and plating in 1 patient (1.66%)
[Table 8]

Table 8: Showing Subsequent Procedure
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No. of Cases Percentage No. of Cases Percentage
Immobilization in 6 10% llizarov 4 6.66%
plaster Free fibular graft 3 5%
External fixation 36 60% L.R.S 2 3.33%
Internal fixation 18 30% Plating 1 1.66%
Total 60 100%
Table 9: Showing Complications
w0, 0.Iype of skeletal fixation Complication No. of Percentage
a5 | 35 _ _ _ Cases
Pin track infection 9 15%
P 307 Contractures
85 Equinous 5 8.33%
5 20 ” Knee stiffness 4 6.67%
g 15 Toe clawing 2 3.33%
101 6 Non-union 6 10%
5 ' ) Chronic Osteomyelitis 4 6.67%
0= - Shortening 5 8.33%
& TTTr—— T Neurovascular damage 0 0%
o & o T Compartmental 0 0%
o & & & syndrome
& & ol > A =
& IO & < Failure of fixation 0 0%
& o d@* & Amputations 0 0%
& <
Table 10: Showing Overall Functional Result
Grade Criteria No. of Percentage
Patients
Figure 6: Showing Type of Skeletal Stabilization Fracture united
& soft tissue
Soft i d b . healed
oft tissue management was done by various Excellent No 30 50%
procedures. Primary closure was done in 10 complication
cases(16.67%), delayed primary closure was done Restoration of
in 7 cases(11.67%), split skin grafting was done in full function
27 cases( 45%), flap coverage was done in 8 Efi%tf‘irﬁs‘iﬂ'eted
cases(13.33%) and in 8 cases (13.33%) wound healed
were left open and they healed [Table 7] [Figure7] Good Minimal joint 20 33.33%
stiffness
Table 7: Showing Type of Soft Tissue Cover Minimal
Angulation
No. of Cases Percentage Delayed Union
Primary closure 10 16.67% Impairment of
Delayed primary 7 11.67% Fair / average function 6 10%
closure -
Leavingwound | 8 1333% nfection _
open —
Split skin graft 27 5% Poor E)'(Scaet;'s'i'x — 4 6.66%
Flap coverage 8 13.33% .
Total 60 100% of function
Total 60 100%
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Complications included in the study were pin tract
infection in 9 cases (15%), equines in 5 cases
(8.33%), knee stiffness in 4 cases (6.67%), and toe
clawing in 2 cases (3.33%). Non union in 6 cases
(10%), chronic osteomyelitis in 4 cases (6.67%)
and shortening in 5 cases (8.33%). There was no
neurovascular damage, compartmental syndrome,
failure of fixation and amputation in the study
[Table 9]

Overall result in our study was excellent in 30
patients (50%), good in 20 patients (33.33%), fair
in 6 patients (10%) and poor in 4 patients (6.66%)
[Table 10].

Below are shown preoperative and postoperative
X-ray of operated patients [Case 1, 2].

Case 2: Postoperative X-ray of operated patients.

DISCUSSION

In the present study, we have studied 60 cases of
open fractures from September 2010 to Oct 2012,
which were admitted in GGH, Guntur. All the cases
were treated as per protocol with thorough
debridement and early skeletal stabilization and
wound coverage, bone grafting whenever necessary
and finally fracture loading in cast or ilizarov.

In our study the compound fracture were observed
to be more common in the middle aged male. In
our study, the minimum age was 11 year and
maximum age was 70 years. The average age was
34.9 years. Out of 60 cases only 15 cases were
females. The preponderance of the middle age
group and occurrence in males can be explained by
the nature of their activity and exposure to the
vehicular and other accidents.

The commonest mode of injury was due to road
traffic accidents (85%). Type Il fracture
constituted the majority of cases results from RTA.
We have not included any vascular injury in our
study. 50% of cases reported within 12 hours of
injury for which primary debridement were done.
Minimal soft tissue handling and thorough
debridement was the aim during the operative
procedure. Thorough irrigation of the wound with
normal saline was proved to be useful. Most of the
Type | and Type Il open fracture were internally
fixed and for most of the Il fracture external
fixator was applied. Majority of the fixator were
uni-lateral and uni-planar type of frame
construction.

Out of 60 cases of open fractures 42 (70%) are
tibia, 8 (13.33%) are femur, 6 (10%) are humerus
and 4 (6.67%) are both bones of forearm. In tibia
and femur most of the fractures are of type III.
61.9% and 50% respectively. In humerus and
forearm most of the open fractures belong to type I.
Infection risks also differ by fracture type and have
been reported to be ranging from 0 to 2% for Type
| fractures, 2 to 10% for Type Il fractures, and 10
to 50% for Type Il fractures.5,6,7 More recent
studies have shown that the rates of clinical
infection increased to 1.4% (7/497) for Type |
fractures, 3.6% (25/695) for Type Il fractures, and
to 22.7% (45/198) of Type Il fractures.8 These
data are similar to a more recent study on the
treatment of open tibia fractures. ]

Early stabilization of open fractures provides many
benefits to the injured patient. It protects the soft
tissues around the zone of injury by preventing
further damage from mobile fracture fragments. It
also restores length, alignment, and rotation—all
vital principles of fracture fixation. This restoration
of length also helps decrease soft tissue dead spaces
and has been shown in studies to decrease the rates
of infection in open fractures.[10-22
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The fracture was stabilized in a week time in the
most of cases. Healthy wound which were taken up
early were sutured primarily. Lastly, early fixation
allows improved access to soft tissues surrounding
the injury and facilitates the patient's early return to
normal function.[*?!

Large one which were healthy, but could not be
sutured were covered with SSG or flap cover. Out
of 60 cases the wounds are covered with SSG in
about 27 cases and primary closure in 10 cases and
flap coverage in 8 cases. Benson et al assessed the
benefit of delaying primary closure of the wound
associated with open fractures.!'1 Eighty-two
fractures were divided into groups of primary
closure (44 wounds) and delayed closure (38
wounds), on average 5 days after injury. Only 3
superficial wound infections were reported, having
occurred in the primary closure wounds. Finally,
Hertel et al performed a retrospective study of 29
open tibial fractures of type I1A and type 111B and
found that immediate coverage was associated with
a lower rate of infection: 0% (zero of 14),1% as
compared with 27% (4 of 15) after late coverage.
Bone grafting is done in all cases of delayed union.
Prophylactic bone grafting can also be used in the
early treatment of open fractures. The literature has
several examples of studies pertaining to immediate
or early prophylactic bone grafting, and this
practice has reported to shorten the time to fracture
union and reduce the rate of delayed union by more
than 11 weeks.[16-19]

6 cases of non-union are encountered, 2 cases are
due to keeping the wound open and other 2 cases
are gap non union. These are later treated by
ilizarov technique.

The average time in which the patient is on fixator
in between 8-10 weeks, after removal of fixator, a
below knee functional cast bracing is applied. The
average time taken for the fracture to unite is 14
weeks.

The complication observed are pin track infection 9
cases (15%) and loosening, treated by removal,
curettage and antibiotics. Non-union occurred in
cases (10%), chronic osteomyelitis in 5 cases
(8.33%).

Comparative Infection Non-union
studies

Gustilo - Anderson 2% 12%
Caudle et al 6% 9%

Cramer, Limbard, 2% 15%

Green

The rate of infection of open fractures is associated
with the fracture characteristics, antibiotics therapy
and host parameters.[?>2! The infection risks differ
by the type of fracture and they have been reported
to be ranging from 0 to 2% for type | fractures,
from 2 to 10% for type Il fractures and from 10 to
50% for type 111 fractures.[?223]

More recent studies have shown that the rate of
clinical infection increased to 1.4% (7/497) for type
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| fractures, 3.5% (25/695) for type Il fractures and
to 22.7% (45/198) for type 111 fractures.?%

Out of 60 cases, the result was excellent in 30
(50%) good in 20 (33.33%), average in 6 cases
(10%) and poor in 4 cases (6.66%).

CONCLUSION

From our study we concluded that majority of the
compound fracture seen in leg and are due to RTA.
Males are more commonly involved than females.
Most of the fractures are Type Il Gustilo
Anderson. The External fixator is useful apparatus
for early stabilization and early wound coverage in
type Il fractures. Internal fixation given excellent
results in Type | & Il fractures, similar that of
closed fracture. Early debridement and wound
coverage is the single most determinant of the
fracture out come. Dynamization is useful for early
union of fracture. Bone grafting is useful in case of
delayed union for union of

fractures. Complications like joint stiffness are best
compared to conservative

methods.
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