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Abstract

Background: Gustilo-Anderson type III open tibial fractures are associated with high
rates of infection, delayed union, and limb loss. The severity of soft tissue injury and
choice of fixation method significantly influence clinical outcomes. This study compares
union rates, surgical burden, and amputation outcomes across type IIIA, IIIB, and IIIC
open tibial fractures. Methods: This combined retrospective and prospective cohort study
included 100 patients with type 11l open tibial fractures treated at a tertiary care center.
Fractures were classified as type IIIA (n = 30), IIIB (n = 38), or IIIC (n = 32). Patients were
managed with external fixation, unreamed intramedullary interlocking nailing, or plate
osteosynthesis, based on injury characteristics. Outcome measures included time to
radiological union, number of surgical procedures, and amputation rates. Results: Mean
time to union increased with fracture severity, averaging 7.37 months for type Il1A, 11.74
months for type IIIB, and 15.35 months for type IIIC fractures (p < 0.01). The mean
number of surgical procedures required was 2.0 in type IIIA, 2.76 in type IIIB, and 5.18 in
type IIIC injuries (p < 0.01). External fixation was associated with longer union times
compared to intramedullary nailing. Amputation rates were 0% in type IIIA fractures,
15.7% in type I1IB, and 37.5% in type IIIC fractures. Conclusion: Clinical outcomes in type
III open tibial fractures worsen with increasing severity of soft tissue injury. Type IIIC
fractures are associated with prolonged healing, greater surgical burden, and higher
amputation rates. While fixation method influences union time, the extent of soft tissue
damage remains the dominant determinant of outcome.
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INTRODUCTION

Open tibial fractures represent one of the most complex
challenges in orthopedic trauma due to their
subcutaneous location, poor soft tissue envelope, and
high susceptibility to contamination and vascular
compromise. These injuries often result in prolonged
healing, increased risk of infection, and a substantial
burden of surgical interventions [1,2].

The Gustilo-Anderson classification, introduced in 1984,
remains the cornerstone in guiding management
strategies. The subclassification into types I1IA, I1IB, and
IIIC provides crucial insights into the extent of soft tissue
and vascular damage: IIIA denotes adequate soft tissue
coverage despite high-energy trauma, IIIB involves
significant periosteal stripping requiring flap coverage,
and IIIC is defined by accompanying vascular injury
necessitating repair[3]. This gradation correlates strongly
with increasing risks of infection, delayed union, and
amputation [4,5].

Treatment strategies for type III open tibial fractures
remain controversial and multifactorial. While external
fixation offers immediate stability and soft tissue access,
it has been associated with prolonged union times and
pin tract complications [6,7]. Intramedullary nailing,
particularly unreamed techniques, provide
biomechanical advantage and early mobilization but are
often reserved for less contaminated wounds [8,9].
Plating, though less common, may be beneficial in
certain fracture configurations [ 10].

Recent studies highlight that the severity of soft tissue
injury, rather than fixation method alone, is the primary
determinant of outcome [11,12]. Increasing fracture
grade is associated with longer union time, more surgical
procedures, and higher amputation risk. However,
systematic evaluations comparing all three subtypes -
IITA, IIIB, and IIIC are limited.

This study aims to comparatively evaluate outcomes
among type IIIA, IIIB, and IIIC open tibial fractures,
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focusing on union time, surgical burden, and amputation
rates across various fixation modalities. These findings
are intended to support evidence based decision making
in managing high grade open fractures.

MATERIALS AND METHODS

This was a combined retrospective and prospective
cohort study conducted in the Department of
Orthopedics in an hospital of Aurangabad, India. The
study included patients treated for Gustilo-Anderson
type III open tibial fractures.

A total of 100 patients with fresh type III open tibial
fractures were enrolled and categorized according to the
modified Gustilo-Anderson classification: type IIIA (n =
30), type IIB (n = 38), and type IIC (n = 32). All
patients were followed for a minimum of 18 months after
definitive treatment.

Patients were eligible for inclusion if they were skeletally
mature that is age of 18 years or older, diagnosed with a
Gustilo-Anderson type IIIA, IIIB, or IIIC open tibial
fracture, and had complete clinical and radiological
follow-up records available. Exclusion criteria included
pathological fractures, prior surgical intervention for the
same injury, or polytrauma necessitating immediate
amputation.

Upon admission, all patients underwent a detailed
clinical assessment and radiographic evaluation,
including anteroposterior and lateral views of the tibia.
In cases of suspected vascular injury, Doppler
ultrasonography was performed. Routine preoperative
investigations and infection screening were also
conducted. Written informed consent was obtained prior
to any surgical procedure.

RESULTS

Initial management followed Advanced Trauma Life
Support (ATLS) protocols and included thorough wound
irrigation, sterile dressing, administration of broad-
spectrum intravenous antibiotics, tetanus prophylaxis,
and temporary limb immobilization using a splint.

Definitive fracture stabilization was determined based on
the condition of the soft tissues, degree of contamination,
vascular status, and surgeon preference. The fixation
techniques employed included unreamed intramedullary
interlocking nailing in 18 patients, plate osteosynthesis
in 13 patients, and external fixation in 32 patients. An
additional 17 patients required staged or hybrid fixation
techniques due to soft tissue complications or the need
for revision surgery.

All patients underwent early and aggressive surgical
debridement. Soft tissue coverage was provided using
delayed primary closure, split-thickness skin grafting, or
muscle flap reconstruction, depending on the wound
characteristics. Autologous cancellous bone grafting was
performed in cases involving segmental bone loss or
delayed union.

Data collected included patient demographics, fracture
subtype, fixation method, timing of definitive soft tissue
coverage, number of surgical procedures, total operative
time, and outcome measures such as radiographic union
and amputation. Radiological union was defined by the
presence of bridging callus in at least three of four
cortices on both anteroposterior and lateral radiographs.

Descriptive statistical methods were used to analyze the
data, including calculation of means, percentages, and
subgroup comparisons. A p-value of less than 0.05 was
considered statistically significant

A total of 100 patients with Gustilo-Anderson type III open tibial fractures were included in the study. Of these, 30 patients
had type IIIA fractures, 38 had type IIIB fractures, and 32 had type IIIC fractures. The mean age of the study population
was 34.8 years and ranges from 18 to 65 years of age, with a significant male predominance of 87%.

The mean time to radiological union demonstrated a clear increase with fracture severity. Type IIIA fractures achieved
union at a mean of 7.37 months, whereas type I1IB fractures united at an average of 11.74 months, and type IIIC fractures
required a mean of 15.35 months to achieve union. Analysis of variance confirmed that these differences in union times
were statistically significant (p < 0.01).

When outcomes were analyzed according to fixation modality, external fixation was associated with the longest mean
union time of 13.4 months. Plating resulted in a mean union time of 8.92 months, while unreamed intramedullary
interlocking nailing demonstrated the shortest union time at 7.0 months. The differences among fixation methods were
statistically significant (p < 0.05), indicating that the choice of stabilization technique influenced fracture healing duration.
The number of operative procedures required increased proportionally with the severity of soft tissue injury. Patients with
type IITA fractures underwent an average of two surgical procedures, whereas those with type IIIB and type IIIC fractures
required an average of 2.76 and 5.18 operations, respectively. These procedures included initial debridement, definitive
skeletal fixation, soft tissue reconstruction, bone grafting, and other secondary interventions. The difference in operative
burden among the fracture subtypes was statistically significant (p < 0.01).
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The overall amputation rate in the study cohort was 16%. No amputations were performed in patients with type IIIA
fractures. In the type IIIB group, six patients (15.7%) required amputation, primarily due to deep infection, failed soft tissue
coverage, or persistent non-union. In contrast, twelve patients (37.5%) in the type IIIC group underwent amputation, most
commonly as a result of unsuccessful vascular repair or irreversible ischemic damage. The mean interval from injury to
definitive surgical fixation increased with the severity of injury. Patients with type IIIA fractures underwent definitive
fixation at a mean of 5.2 days following injury, compared with 6.3 days for type IIIB fractures and 7.8 days for type IIIC
fractures. Similarly, mean operative duration increased from 90 minutes in type IIIA fractures to 105 minutes in type I1IB

fractures and 125 minutes in type IIIC fractures.

Summary of Key Outcomes

Outcome Type IITA | Type IIIB | Type IIIC
Mean Union Time (months) | 7.37 11.74 15.35
Avg. No. of Operations 2.00 2.76 5.18
Amputation Rate (%) 0 15.7 37.5

These findings underscore the direct correlation between soft tissue injury severity and adverse clinical outcomes,
including prolonged healing, higher operative burden, and increased amputation rates.

DISCUSSION

Open tibial fractures, particularly those classified as
Gustilo-Anderson type III, remain among the most
complex and morbid orthopedic injuries. This study
demonstrates a clear, severity-dependent relationship
between fracture subtype and key outcomes, including
time to union, surgical burden, and limb salvage.

Radiological union was significantly delayed in more
severe injuries: type IITA fractures united in 7.37 months
on average, compared to 11.74 and 15.35 months in types
IIIB and IIC, respectively. These findings are consistent
with studies by Rajasekaran et al. and Giannoudis et al.,
which highlight the detrimental impact of soft tissue
devascularization and  periosteal  stripping on
osteogenesis [13,14].

The number of operative procedures also rose with injury
grade from a mean of 2 in type I11A to over 5 in type IIIC
fractures reflecting the added complexity of wound
management, flap coverage, and bone grafting. These
trends parallel observations by Blachut et al. and
Tornetta et al, who noted similar procedural
intensification in higher-grade injuries [8,7].

Amputation was not required in type IIIA cases but
occurred in 15.7% of type IIIB and 37.5% of type I1IC
fractures. These high rates are largely attributed to failed
vascular repair, persistent infection, and non-salvageable
tissue. Comparable outcomes have been reported by
Gopal et al. and Zalavras and Patzakis, underscoring the
limits of limb salvage in the face of ischemia and
systemic compromise [19,20].

Regarding fixation strategy, unreamed intramedullary
nailing was associated with the shortest union times and
favorable outcomes in carefully selected cases. External
fixation, while valuable in contaminated wounds,
demonstrated the longest healing times and higher
complication rates, as previously noted by Court-Brown
et al. and Shannon et al. [2,6].

Our findings clearly show that the condition of the soft
tissues, more than the type of fixation used, plays the
biggest role in determining the outcome. Early
debridement, appropriate antibiotic therapy, timely
coverage, and multidisciplinary coordination are
essential for success, as supported by the foundational
work of Gustilo, Gopal, and others [1,5,10].

Study Limitations

Limitations include the single-center design, lack of
randomization, and potential treatment selection bias.
Confounding factors such as smoking status,
comorbidities, and nutritional deficiencies were not
controlled. Future multicenter studies with standardized
treatment protocols and long-term follow-up are
warranted to refine surgical strategies.

CONCLUSION

Clinical outcomes in Gustilo Anderson type III open
tibial fractures are strongly influenced by the severity of
soft tissue injury. This study demonstrates a clear
gradient of worsening outcomes from type IIIA to type
[IIC fractures, with progressively prolonged union times,
increased operative burden, and higher amputation rates
in the more severe subtypes. Type IIIC injuries, in
particular, were associated with the poorest prognosis
due to vascular compromise and extensive tissue
damage.

Although fixation modality influenced fracture healing,
with unreamed intramedullary nailing showing more
favorable union times in appropriately selected cases, no
single method proved universally superior across all
injury patterns. Rather, the extent of soft tissue injury and
its management emerged as the predominant
determinants of limb salvage and overall outcome.

These findings underscore the necessity of a patient
centered, multidisciplinary approach incorporating early
and thorough debridement, stable skeletal fixation,
meticulous infection control, and timely soft tissue
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reconstruction. In cases of severe injury especially type
IIIC fractures, realistic assessment of limb viability is
essential, and primary amputation should be considered
when reconstructive efforts are unlikely to yield a
functional limb.

Future studies should aim to refine injury classification

systems,

standardize treatment algorithms, and

incorporate long term functional outcome measures to
further optimize management strategies for high grade
open tibial fractures.
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