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History

Open fractures usually are high-energy injuries. This, along
with the exposure of bone and deep tissue to the environ-
ment, leads to increased risk of infection, wound
complications, and nonunion [12, 28, 31]. Antibiotics,
surgical débridement, and internal fixation have improved
outcomes of open fracture management in important ways,
but the underlying principles for treating open fractures
have remained the same since World War I: primary
asepsis, adequate debridement, immobilization, and pro-
tection of wounds against disturbance and reinfection
[25, 26].

Despite the overall improvement in outcome after open
fractures, the variable outcomes among different patterns
of open fractures with differing severities prompted the
development of grading systems that classify them based
on increasing severity of the associated soft tissue injuries.
These grading systems seek to help guide treatment,
improve communication and research, and predict out-
come. Such classifications have been in use for some time
[29]; however, it is the Gustilo-Anderson classification that
has become the most commonly used system for classify-
ing open fractures. Early attempts by Veliskakis [29] at
grading open fractures were refined by Gustilo and
Anderson in 1976 [16]. After reviewing their initial

All ICMIJE Conflict of Interest Forms for authors and Clinical
Orthopaedics and Related Research editors and board members are
on file with the publication and can be viewed on request.

P. H. Kim, S. S. Leopold (I)

Department of Orthopaedics and Sports Medicine,
University of Washington, 1959 NE Pacific Street,
Box 356500, Seattle, WA 98195-6500, USA

e-mail: leopold @u.washington.edu; leopold @uw.edu

@ Springer

classification of the most severe open injuries, Gustilo et al.
subsequently modified their classification system into its
current form in 1984 [17]. Ultimately, through their studies
of prevention of infection in open long bone fractures
[16, 17], Gustilo et al. outlined the general principles of
management of open fractures, and helped define the
contemporary approach to the treatment of open fractures.

Purpose

Like many classification systems, the purpose of the
Gustilo-Anderson schema is to provide a prognostic
framework that guides treatment and facilitates communi-
cation among surgeons and clinician-scientists. Decades
of research correlating the Gustilo-Anderson type with
infection risk have helped refine surgical protocols, change
antibiotic recommendations, and determine appropriate
timing for interventions including débridement, internal
fixation, and soft tissue coverage [14, 23, 24, 27, 31]. As a
widely known and relatively straightforward system, which
has become the standard of classifying open fractures, the
Gustilo-Anderson classification also is useful for education
of residents and other trainees in the treatment of patients
with orthopaedic trauma [19].

Description of the Gustilo-Anderson Classification

At the time of the seminal paper [16], it already was
common knowledge that open fractures required prompt
débridement and irrigation, but there was considerable
ambiguity regarding how different patterns of injury
behaved in response to the treatments of that period. The
original study [16] included an initial retrospective
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evaluation, followed by a prospective test of the system
that Gustilo and Anderson developed.

The retrospective part of the study evaluated 673 open
fractures of long bones in 602 patients to determine the
impact of primary versus secondary closure, use of primary
internal fixation, and routine use of antibiotics in the
treatment algorithm of open long-bone fractures. The key
findings were that primary closure without primary internal
fixation and prophylactic antibiotics for Type I and Type II
open fractures reduced the risk of infection as much as
84.4% [16], whereas acute internal fixation and primary
closure after segmental fractures, extensive lacerations,
avulsion, or traumatic amputation resulted in a greater
likelihood of subsequent osteomyelitis.

Gustilo and Anderson then prospectively followed more
than 350 patients. They categorized open injuries into the
familiar three categories, based on wound size, level of
contamination, and osseous injury, as follows: Type I = an
open fracture with a wound less than 1 cm long and clean;
Type II = an open fracture with a laceration greater than
1 cm long without extensive soft tissue damage, flaps, or
avulsions; and Type III = either an open segmental frac-
ture, an open fracture with extensive soft tissue damage, or
a traumatic amputation. Special categories in Type III were
gunshot injuries, any open fracture caused by a farm injury,
and any open fracture with accompanying vascular injury
requiring repair [16].

Type III open fractures proved the most difficult to
classify and treat owing to the varied injury patterns,
increased morbidity from associated injuries, massive soft
tissue damage or loss over the fracture sites, compromised
vascularity, wound contamination, and fracture instability.
Infection in Type III open fractures was observed 10% to
50% of the time [17]. With ranges like that, it became
evident that the variation in severity, etiology, and prog-
nosis of Type III injuries made a single classification
insufficiently specific for the task at hand; the frequency of
these injuries (greater than 60% of open fractures are
Type I1I, according to one epidemiologic study [10]), made
that issue even more pressing. In response to that problem,
these high-energy open fractures were further subclassified
by Gustilo et al. into A, B, and C according to the severity
of the soft tissue injury, need for vascular reconstruction,
and worsening prognosis, as follows [17]: Type IIIA =
open fractures with adequate soft tissue coverage of a
fractured bone despite extensive soft tissue laceration or
flaps, or high-energy trauma regardless of the size of the
wound; Type IIIB = open fractures with extensive soft
tissue injury loss with periosteal stripping and bone expo-
sure. This usually is associated with massive contamination
[17]; and Type IIC = open fractures associated with
arterial injury requiring repair [17].

Gustilo and Anderson initially recommended surgical
débridement and irrigation for all open fractures, with
primary closure for Types I and II fractures, and second-
ary closure for Type III fractures but no primary
internal fixation for patients [16]. Gustilo et al. modified
these recommendations by incorporating fixation devices
for Type IIl injuries that have more massive soft tissue
injuries [17].

Confirmation/Validation

Because much of the literature on the subject of open
fractures uses the Gustilo-Anderson classification or a
variant of it, it is important to know whether the classifi-
cation is reliable. Brumback and Jones [5] and Horn and
Rettig [19] have examined the reliability of the Gustilo-
Anderson classification system [16, 17]. One study of
245 orthopaedic surgeons who were asked to classify 12
different open fracture wounds of the tibia, using videotape
and photographs, found that interobserver agreement was
only 60% [5], representing moderate to poor agreement. In
another study [19], 10 patients with open fractures had
photographic slides of their wounds and radiographs taken
before and after debridement and stabilization. These slides
subsequently were evaluated by 22 orthopaedic surgeons
(eight attending orthopaedic surgeons and 14 orthopaedic
residents). The kappa value [9, 20] in this study was 0.53,
indicating moderate agreement overall with no difference
between the ability of either attending staff or residents to
use the Gustilo-Anderson classification system reliably
[19]. The fact that these two studies [5, 19] on the subject
found only moderate reliability of the Gustilo-Anderson
classification system among different observers is an
important clinical limitation of this schema. Another lim-
itation of the classification schema can be further
emphasized by the lack of primary internal fixation and
short-term followup (1 month in retrospective study and
6 weeks in prospective study) [16] in the original study.
This is in contrast to the subsequent study that had ade-
quate followup with use of internal fixation in more than /4
of their 87 patients [17].

The variability among individuals and their interpreta-
tion of the Gustilo-Anderson classification [16] results in a
spectrum of injuries having too much overlap [5], possibly
owing to the observer error [19]. Despite this, the Gustilo-
Anderson classification has prognostic implications [6, 10]
with complication rates increasing as the severity of the
injury increases [6, 18]. Given that the classification system
[16, 17] is easy to use and has prognostic and therapeutic
implications, it is of value, but treatment recommendations
based on the classification [16, 17] should be interpreted
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with caution owing to its limitations regarding interob-
server reliability [5, 19].

There is general agreement that more severe open
fractures have a worse clinical prognosis for infection,
nonunion, and other complications, although the magni-
tudes of these findings vary depending on numer-
ous clinical factors [7, 18]. Multivariate analysis of
146 patients with 162 fractures found that the Gustilo-
Anderson classification predicted infection and was appli-
cable to identifying increased risk of infection in patients
with comorbid medical illnesses, but this study was limited
by a minimum followup of 90 days [4]. A study of 422
open fractures showed an overall infection rate of 4.3%,
with patients with Type II fractures having a deep infection
rate of 4%, and patients with Type III fractures having a
5.7% infection rate [21]. In the original study by Gustilo
and Anderson, an overall infection rate of 2.4% was
observed in Type II fractures representing less than 1%, but
with Type III fractures infection rates were as much as 44%
in the entire study [16]. Type III fractures, however, are not
a homogeneous group; another study found a considerable
range of infection rates among the subtypes of Type III
injuries, with 1.8% of Type IIIA, 10.6% of Type IIIB, and
20% of Type IIIC fractures having infections develop [21].
Caudle and Stern [6] had a similar finding in a study of 62
tibial shaft fractures; Type IIIA fractures had a 27% risk of
nonunion, Type IIIB fractures had a 43% risk of nonunion
(with 29% of them having deep infections develop), and
Type IIIC had a 100% complication rate (78% were treated
with amputation and the remaining either had chronic
osteomyelitis or chronic pain). Long-term functional
results for patients with Type IIIB fractures can be bleak.
Giannoudis et al. reported on patients with Type IIIB tibial
fractures treated with successful limb salvage and found
they had delayed time to full weightbearing, used handheld
aids for ambulation, had more postoperative complications,
and were more disabled compared with patients who
received early amputations [13].

Limitations

The Gustilo-Anderson classification is widely used [6], and
is the basic language with which many investigators
communicate the results of open fracture treatment [5].
However, the Gustilo-Anderson classification is limited
because it seeks to contain an almost limitless variety of
injury patterns, mechanisms, and severities with a small
number of discrete categories [32].

A critical limitation of the Gustilo-Anderson classifica-
tion is its limited interobserver reliability, shown by
Brumback and Jones to be only 60% [5] and Horn and
Rettig to have a kappa value of 0.53 [19]. Another critical
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limitation is that the surface injury does not always reflect
the amount of deeper tissue damage and the Gustilo-
Anderson classification does not account for tissue viability
and tissue necrosis, which tend to evolve with time after
more severe injuries. Because open fractures may be
underclassified on initial evaluation in the emergency
department, many investigators agree that definitive clas-
sification (that is, the classification that will drive the
eventual treatment decisions) of open fractures is best
made in the operating room [3, 13, 22, 23]. Gustilo and
Anderson [16] emphasized the importance of debridement
but Pollak et al. reported time from injury to debridement
was not an independent predictor of infection; rather
admission to a definitive trauma center had a significant
influence on the incidence of infection [28]. Furthermore,
Webb et al., in a cohort study of 156 patients, showed that
timing of debridement, timing of soft tissue coverage, and
timing of bone graft had no effect on patient outcome [30].
Finally, Bowen and Widmaier found that the number of
compromising comorbidities to be significant independent
predictors of infection [4]. Studies such as these challenge
the true prognostic ability of the Gustilo-Anderson
classification.

Another limitation is the two studies [16, 17] were
unbalanced in their numbers comparing the retrospective
and prospective data without rigid statistical analysis; all
long-bone open fractures were included despite different
bones inherently having different risks of infection owing
to their particular soft tissue envelope [16].

An area of controversy, at least earlier on [16, 17],
pertained to the treatment of fractures in this spectrum of
injury. Gustilo and Anderson originally recommended
against early fracture fixation for many Type III injuries.
Newer evidence shows that stabilization of many of these
fractures—even with internal fixation—reduces the risk of
infection and malunion, promotes fracture healing, restores
function, and expedites rehabilitation [4]. Finally, the
nonmutual exclusive nature of the criteria for Type IIIB
injuries imposes inherent difficulty in using this classifi-
cation schema to predict which injuries need a muscle flap
for coverage [6].

Conclusions/Uses

The Gustilo-Anderson classification, despite its inherent
limitations, is prognostically valuable for predicting
orthopaedic infection [4, 16, 21]. It is widely accepted for
research, communication, and training purposes, and its
remains useful as a good, basic approach to manage open
fractures. Goals of fracture treatment should be to prevent
infection, promote fracture healing, and restore function.
Open fractures are, by definition, contaminated; therefore,
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the use of antibiotics is therapeutic, not prophylactic, and is
fundamental to the care of patients with these injuries [14].
Many of the principles outlined by Gustilo et al. remain
applicable today, including early diagnosis and treatment
with aggressive débridement of necrotic tissue and foreign
debris, prompt and appropriate antibiotic therapy, fracture
stabilization, and appropriate wound closure [17].

Although the Gustilo-Anderson classification is useful,
its interobserver reliability is limited [5, 19] and it lacks the
ability to comprehensively measure prognostic patient
outcome [28, 30]; therefore, assessment of all open frac-
tures should include the mechanism of injury, the
appearance of the soft tissue envelope and its condition in
the operating room [3, 13, 22, 23], the level of likely
bacterial contamination, and the specific characteristics of
the fracture [13, 31, 32]. Accurate assessment of an open
fracture is best accomplished in the operating room after
surgical exploration and débridement [3, 21-23], rather
than the emergency room. To comprehensively measure
prognosis, outcome measures such as the Sickness Impact
Profile [2] can be used for more accuracy.

Earlier authors recommended against using internal
fixation by plates or intramedullary nails in open fractures
given the high infection rate of 19% [16], but this no longer
applies to current standards of care.

The Gustilo-Anderson classification laid a foundation
for management of open fractures, but the management of
open fractures continues to evolve. Dellinger et al., in a
prospective randomized study of 248 patients with open
fractures, reported that a short course (1 day) of antibiotics
was not inferior to prolonged use of antibiotics (5 days)
[11]. Ostermann et al. reported that treating 845 compound
limb fractures with systemic antibiotics and aminoglyco-
side-polymethylmethacrylate resulted in an overall
infection rate of 3.7% compared with the 12% infection
rate in patients treated only with systemic antibiotics [24].
Delayed primary closure historically has been used, espe-
cially for Type III fractures, but consideration for earlier
closure has been reported. Choudry et al., in a retrospective
study of Type IIIB midtibia fractures treated either with
acute versus delayed closure, reported delayed soft tissue
coverage resulted in 64% to 100% nonunion rates [8].
Finally, adjunctive therapies such as rhBMP-2 have been
found to significantly reduce secondary interventions,
lower hardware failure, and promote faster fracture
healing [15], but more recently Aro et al. observed no
significant difference in patients treated with rhBMP-2
with intramedullary fixation compared with patients
treated only with intramedullary fixation for Type IIB tibia
fractures [1].

The Gustilo-Anderson classification system remains the
preferred system for categorizing open fractures. Despite
its limited interobserver agreement [5, 19], good but

imperfect prognostic ability, and somewhat dated treatment
algorithms, no other classification is superior in terms of its
popularity and common use, and because the Gustilo-
Anderson schema correlates well with the risk of infection
and other complications [5, 21, 23].

References

1. Aro HT, Govender S, Patel AD, Hernigou P, Perera de Gregorio
A, Popescu GI, Golden JD, Christensen J, Valentin A. Recom-
binant human bone morphogenetic protein-2: a randomized trial
in open tibial fractures treated with reamed nail fixation. J Bone
Joint Surg Am. 2011;93:801-808.

2. Bergner M, Bobbitt RA, Pollard WE, Martin DP, Gilson BS. The
sickness impact profile: validation of health status measure. Med
Care. 1976;14:57-67.

3. Bhandari M, Guyatt GH, Swiontkowski MF, Schemitsch EH.
Treatment of open fractures of the shaft of the tibia. J Bone Joint
Surg Br. 2001;83:62-68.

4. Bowen TR, Widmaier JC. Host classification predicts infection
after open fracture. Clin Orthop Relat Res. 2005;433:205-211.

5. Brumback RJ, Jones AL. Interobserver agreement in the classi-
fication of open fractures of the tibia: the results of a survey of
two hundred and forty-five orthopaedic surgeons. J Bone Joint
Surg Am. 1994;76:1162-1166.

6. Caudle RJ, Stern PJ. Severe open fractures of the tibia. J Bone
Joint Surg Am. 1987;69:801-807.

7. Chapman MW, Gordon JE, Zissimos AG. Compression-plate
fixation of acute fractures of the diaphyses of the radius and ulna.
J Bone Joint Surg Am. 1989;71:159-169.

8. Choudry U, Moran S, Karacor Z. Soft-tissue coverage and out-
come of Gustilo grade IIIB midshaft tibia fractures: a 15 year
experience. Plast Reconstr Surg. 2008;122:479-485.

9. Cohen J. A coefficient of agreement for nominal scales. Educ
Psychol Meas. 1960;20:37-46.

10. Court Brown CM, Rimmer S, Prakash U, McQueen MM. The
epidemiology of open long-bone fractures. Injury. 1998;29:529—
534.

11. Dellinger DP, Caplan ES, Weaver LD, Wertz MJ, Droppert BM,
Hoyt N, Brumback R, Burgess A, Poka A, Benirschke SK, et al.
Duration of preventive antibiotic administration for open
extremity fractures. Arch Surg. 1988;123:333-339.

12. Georgiadis GM, Behrens FF, Joyce MJ, Earle AS, Simmons AL.
Open tibial fractures with severe soft-tissue loss: limb salvage
compared with below-the-knee amputation. J Bone Joint Surg
Am. 1993;75:1431-1441.

13. Giannoudis PV, Papakostidis C, Roberts C. A review of the
management of open fractures of the tibia and femur. J Bone
Joint Surg Br. 2006;88:281-289.

14. Gosselin RA, Roberts I, Gillespie WJ. Antibiotics for preventing
infection in open limb fractures. Cochrane Database Syst Rev.
2004:(1)CD003764.

15. Govender S, Csimma C, Genant HK, Valentin-Opran A, Amit Y,
Arbel R, Aro H, Atar D, Bishay M, Borner MG, Chiron P, Choong
P, Cinats J, Courtenay B, Feibel R, Geulette B, Gravel C, Hass N,
Raschke M, Hammacher E, van der Velde D, Hardy P, Holt M,
Josten C, Ketterl RL, Lindeque B, Lob G, Mathevon H, McCoy G,
Marsh D, Miller R, Munting E, Oevre S, Nordsletten L, Patel A,
Pohl A, Rennie W, Reynders R, Rommens PM, Rondia J, Rossouw
WC, Daneel PJ, Ruff S, Ruter A, Santavirta S, Schildhauer
TA, Gekle C, Schnettler R, Segal D, Seiler H, Snowdowne RB,
Stapert J, Taglang G, Verdonk R, Vogels L, Weckbach A,
Wentzensen A, Wisniewski T; BMP-2 Evaluation in Surgery for

@ Springer



3274

Kim and Leopold

Clinical Orthopaedics and Related Research®

16.

17.

18.

19.

20.

21.

22.

23.

Tibial Trauma (BESST) Study Group. Recombinant human bone
morphogenetic protein-2 for treatment of open tibial fractures: a
prospective, controlled, randomized study of four hundred and
fifty patients. J Bone Joint Surg Am. 2002;84:2123-2134.
Gustilo RB, Anderson JT. Prevention of infection in the treatment
of one thousand and twenty-five open fractures of long bones:
retrospective and prospective analyses. J Bone Joint Surg Am.
1976;58:453-458.

Gustilo RB, Mendoza RM, Williams DN. Problems in manage-
ment of type III (severe) open fractures: a new classification of
type 1II open fractures. J Trauma. 1984;24:742-746.

Hansen ST Jr. The type-1IIC tibial fracture: salvage or amputa-
tion. J Bone Joint Surg Am. 1987;69:799-800.

Horn BD, Rettig ME. Interobserver reliability in the Gustilo and
Anderson classification of open fractures. J Trauma. 1993;7:357-360.
Landis JR, Koch GG. The measurement of observer agreement
for categorical data. Biometrics. 1977;33:159-174.

Lenarz CJ, Watson JT, Moed BR, Israel H, Mullen JD,
Macdonald JB. Timing of wound closure in open fractures based
on cultures obtained after debridement. J Bone Joint Surg Am.
2010;92:1921-1926.

Melvin JS, Dombroski DG, Torbert JT, Kovach SJ, Esterhai JL,
Mehta S. Open tibial shaft fractures: 1. Evaluation and initial
wound management. J Am Acad Orthop Surg. 2010;18:10-19.
Okike K, Bhattacharyya T. Trends in the management of open frac-
tures: a critical analysis. J Bone Joint Surg Am. 2006;88:2739-2748.

@ Springer

24.

25.

26.

27.

28.

29.

30.

31.

32.

Ostermann PA, Seligson D, Henry SL. Local antibiotic therapy
for severe open fractures: a review of 1085 consecutive cases.
J Bone Joint Surg Br. 1995;77:93-97.

Orr HW. The Orr method for wounds and compound fractures.
JAMA. 1942;118:917.

Orr HW. Development of fracture surgery during the past
100 years. Clin Orthop. 1953;2:5-11.

Patzakis MJ, Wilkins J. Factors influencing infection rate in open
fracture wounds. Clin Orthop Relat Res. 1989;243:36—40.
Pollak AN, Jones AL, Castillo RC, Bosse MJ, MacKenzie EJ;
LEAP Study Group. The relationship between time to surgi-
cal debridement and incidence of infection after open high-
energy lower extremity trauma. J Bone Joint Surg Am. 2010;92:
7-15.

Veliskakis KP. Primary internal fixation in open fractures of the
tibial shaft: the problem of wound healing. J Bone Joint Surg Br.
1959:41:342-354.

Webb LX, Bosse MJ, Castillo RC, MacKenzie EJ; LEAP Study
Group. Analysis of surgeon-controlled variables in the treatment
of limb-threatening type III open tibial diaphyseal fractures.
J Bone Joint Surg Am. 2007;89:923-928.

Zalavras, CG, Marcus RE, Levin LS, Patzakis MJ. Management
of open fractures and subsequent complications. J Bone Joint
Surg Am. 2007;89:884-895.

Zalavras CG, Patzakis MJ. Open fractures: evaluation and man-
agment. J Am Acad Orthop Surg. 2003;11:212-219.



	Gustilo-Anderson Classification
	History
	Purpose
	Description of the Gustilo-Anderson Classification
	Confirmation/Validation
	Limitations
	Conclusions/Uses
	References


