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Section 1: Background

Open fractures are injuries in which the fractured bone or hematoma
communicates with the external environment. These injuries carry
substantial risks of infection and non-union. The Gustilo-Anderson
Classification (GAC), originally described in 1976 and modified in 1984 to
subclassify Type Il injuries into A, 111B, and IlIC, remains the most
widely applied severity grading system and is the dominant predictor of
outcome in all included studies. Surgical debridement is the excision of
devitalised, contaminated, and necrotic tissue combined with irrigation. It is
widely accepted as the cornerstone of open fracture management. The
central question in this context is not whether to debride, but rather how
radically.(1-4)

Two broad philosophies exist in this regard. Aggressive radical debridement
advocates the radical excision of all questionably viable tissue, including
periosteum-stripped bone fragments and marginally viable muscle,
accepting a potential bone defect and the certainty of staged reconstructive
surgery. Tissue-preserving debridement strategies aim to retain all structures

retaining any biological attachment particularly cortical fragments with



residual periosteal or soft-tissue contact, and metaphyseal fragments with
cancellous continuity. The expectation is that preserved vascularity may
support healing and reduce the extent of reconstruction required.(5-7)
This distinction has a direct clinical consequence as radical debridement
creates critical-sized bone defects requiring planned staged reconstruction
(the "anticipated non-union" model), whereas insufficient debridement risks
residual contamination, deep infection, and osteomyelitis.(5,6,8) We review

the available descriptive evidence and the limited comparative data directly

relevant to the radicality of debridement.

Section 2: Data Extraction Table

Author, ) Groups /
. . Population )
S.No Year, Study Design Sample Size . . Debridement Results
(Inclusion/Exclusion)
Country Strategy
1 Jones JA | Retrospective case | N=18 (Grade Il | Gustilo Grade Il (I1IA | Tissue-preserving Deep infection: 1/18

1991, USA(9)

series

(Level 1V)

open diaphyseal
forearm
fractures; 9-year

study)

n=7, I11B n=8, I1IC n=3)
open forearm fractures.
No Grade I11.
Note: upper

anatomy — results not

limb

directly generalisable to

approach:

Aggressive primary
debridement of
devitalised tissue,
but with deliberate

preservation of

(5.6%) — one
infected radius in
floating elbow +
failed free flap,
salvaged with

second free flap.

lower limb. periosteal and soft- | Fracture union
tissue bony | achieved in all
attachments during | surviving limbs.
fixation. Repeat | 66% good/excellent
debridement at 24— | functional
48h intervals. DCP | outcomes.

fixation. Bone graft
for
comminution/bone

loss (5 patients).

2 McNamara Retrospective cohort | N=14 patients; | Gustilo 1lIB and IIIC | Aggressive In salvaged limbs
MG et al. | (Level lll) 24 tibias (I11B: | open tibial fractures. No | debridement: (n=13 tibias): 56%

1994, USA(10) 11, INC: 13). | HIA cases. No exclusion | All cases: | healed without bone

of specific debridement | aggressive graft; 22% with



Level | trauma | type — all underwent | debridement as | early bone graft;
centre. standard aggressive | standard. No tissue- | 22% non-union
debridement as per unit | preserving requiring further
protocol. comparator. grafting. Overall
Comparison is | complication profile
salvage vs. | reflects injury
amputation based | severity (111C), not a
on injury severity | comparison of
scoring (MESS, | debridement
NISSSA). strategies.
Tropet Y et al. | Retrospective case | N=5 (all male, | All Gustilo IlIB tibial | Aggressive one- | No non-unions; no
2001, series mean age 33 | fractures with bone loss | stage protocol: | osteitis; 1 superficial
France(8) (Level 1V) yrs). Gustilo I1IB | admitted to ED. No | Emergency infection; bone
open tibial shaft | formal exclusion criteria. | debridement + | healing within 6
fractures  with locked IMN + | months in 4/5,
bone loss. autogenous iliac | within 10 months in
crest bone graft + | 1/5; all patients
free muscle flap | resumed
(latissimus dorsi -4, | professional
gracilis-1).  Bone | activities.
defect accepted and
reconstructed  in
one stage.
Archdeacon Narrative review / | NJA° — no | Severeopen fracturesand | Addresses Conceptual
MT & | expert opinion | primary  data. | mangled lower | radicality directly: | framework: under-
Messerschmitt | (Level V) Review covers | extremities. Expert | Debridement debridement
P open  fracture | synthesis of debridement | described as a | perpetuates
2001, USA(6) debridement philosophy. "double-edged infection; over-
technique, serial sword." Serial | debridement
debridement debridements  at | sacrifices viable

intervals,
antibiotic

protocols.

24-72h

advocated to allow

intervals

full demarcation of
injury zone. Skin
not obviously
devitalised should
be preserved. Four
Cs of muscle
viability  (colour,
consistency,
capacity to bleed,
contractility) as
standard
assessment

framework.

tissue and increases
reconstructive
burden.
Recommendation:
systematic  tissue
assessment +
preservation of skin
not obviously

devitalised.




5

Fujita M et al.
2001, Japan(3)

Harley BJ et al.
2002,
Canada(2)

Retrospective case
series
(Level IV)

Retrospective cohort
(Level 111)

N=16  Gustilo

Type I open
tibial fractures in
(A
n=11, IIB n=3,
I1IC n=2). Mean

age 7 yrs 5

children

months. Kitasato
University,
1986-1997.

N=215

fractures of

open

major long
bones. January
1996-December

1998.

Skeletally immature
patients only —
remodeling capacity

differs substantially from
adults. All Type 11 tibial
fractures. No formal

exclusion criteria.

Open fractures of femur,
tibia/fibula,

forearm. Exclusion: age

humerus,

<14, penetrating trauma,
inadequate follow-up. All
received standardised
debridement protocol —
radicality not

independently varied.

Tissue-preserving
in children:
All wounds
copiously irrigated
and debrided
thoroughly.
Periosteum
specifically noted
should NOT be
excised unless
grossly
contaminated, as it
is  critical  for
revascularisation.
Preservation of
soft-tissue and
bony structure
emphasized.  No
aggressive VS.
tissue-preserving

comparison group.

Timing study with

radicality as
background
constant:

All patients:
standard
debridement +
pulsed irrigation

(minimum 3L) +
skeletal
stabilisation + 1V
antibiotics.
Radicality of
debridement  was
not the independent
variable — timing
was. No within-
study comparison
of aggressive vs.

tissue-preserving.

4/16 infections (2
superficial, 2 deep).
1 defective non-
union (resulted from
4 serial
debridements  for
osteomyelitis). 3
angular deformities
>10° at union — all
corrected

spontaneously. One

type IlIB  case
requiring tibio-
fibular

synostosis and two

type IIC  cases
needing
amputations.

Deep infection:

Grade 1: 2%, Grade
2:6%, Grade 3: 22%
— regardless of
timing. Non-union:
Grade 1: 5%, Grade
2: 14%, Grade 3:

37%. GAC grade
was the dominant
predictor.

The risk of
developing an
adverse  outcome
was

not increased by
aggressive
debridement/lavage
and definitive
fixation up to
thirteen hours from
the time of injury
when early
prophylactic
antibiotic
administration and

open fracture first



aid were instituted.

Pollak AN et
al.

(LEAP  Study
Group)

2010, USA(4)

Prospective
multicentre

cohort (Level I1)

N=307

(complete

follow-up). 8
Level-l trauma
centres. Gustilo
111B, IC,
selected A

lower extremity

Ages 16-69 yrs. Limb-
threatening lower
extremity trauma distal to
femur. Exclusions: GCS

<15 at 21 days, spinal

cord deficit, prior
amputation, active
military.

Timing study; all
received aggressive
debridement:

All patients:
aggressive
debridement +
antibiotics +
stabilisation +

Infection in 27%
(84/307).
Independent
predictor: time from
injury to admission
at Level-I centre. All
patients  received

aggressive

trauma. repeat debridement | debridement.
as needed.
Radicality of
debridement  was
not an independent
variable; no tissue-
preserving
comparison group.
Kamath JB et | Retrospective case | N=151 Gustilo | All Gustilo IlIB tibial | Aggressive Group A (<10 days):
al. series I1IB open tibial | fractures requiring flap | debridement + | deep infection 16/94
2012, India(7) (Level IV) fractures. 1989— | coverage. Exclusion: | early vs. delayed | (17%); Group B:
2006, Kasturba | STSG only, free flap as | flap: deep infection 21/38
Medical College. | primary, primary | All 151 cases: | (55%); Group C:
amputation before | radical early | deep infection 7/19
reconstruction. debridement (37%). Primary
Note:  17-year span | described as the | union76/119 (64%);
covers evolving flap | protocol. non-union  43/119
techniques — a | Comparison is | (36%).

recognised confounder.

timing of flap
coverage (Group A
<10 days, B 10
days—6 weeks, C >6
NOT

aggressive VS.

weeks),

tissue-preserving

debridement

radicality.
Moloney GB | Narrative review / | NJA° — no | Open distal  femur | Addresses Ricci et al: no
& expert opinion | primary  data. | fractures. Reviews | radicality statistically
Tarkin IS | (Level V) Reviews open | debridement  strategy, | comparison significant
2018, USA(5) distal femur | antibiotic beads, fixation, | explicitly: difference in
fracture and non-union | Ricci et al. (cited | infection between
management management. within): direct | more and less
including comparison of | aggressive
debridement More vs. Less | debridementin open
philosophy. aggressive distal femur
debridement in | fractures (18% vs.




open supracondylar
femur fractures —
infection 18%
(aggressive) VS.

25% (less
aggressive); no
significant
difference.

Dugan et al. (cited
within): aggressive
debridement +
PMMA
beads + planned

antibiotic

staged bone graft
(anticipated  non-
union model) —
100% union, 0%

deep infection

25%, p not stated but
NS).

Dugan et al.:
aggressive strategy
with planned staged
reconstruction
100%
deep

achieves
union, 0%
infection in a
consecutive  series,
but  without a
comparator. Authors
conclude: in grossly
contaminated Grade
1B injuries,
aggressive
debridement  with
“anticipated  non-
union” and planned
bone grafting is the
most  predictably
successful strategy.
Less aggressive
debridement  may
avoid secondary
surgery but carries

higher infection risk.

10

Trimaille A et
al.

2020,
France(11)

Narrative review /
institutional

protocol

(Level V)

N/A — no
primary  data.
Reviews MDT

management of
bone and joint
infections (BJI)
complicating

open lower limb

fractures.

Open fractures of lower
limb complicated by BJI.
Cauchoix/Gustilo

classification. CHRU de

la Cavale Blanche.

Addresses
consequences  of
insufficient
debridement:

Focus is on
established
infection

complicating open

fracture — the
endpoint of
inadequate initial

debridement.
Describes
requirements  for
surgical
debridement in
infected nonunion.
Does not directly
compare aggressive

VS, tissue-

Infection rate in

open lower limb
fractures:  3-40%,
correlated with
Gustilo grade.
Biofilm renders
surgical ~ washout

ineffective beyond 3

weeks post-
osteosynthesis —
hardware  removal

required. Masquelet
technique (antibiotic
cement spacer —
bone graft at 4-6
weeks) for bone
defects in infected

cases.




11

12

13

Nicolaides M
et al.
2021, UK(1)
Bakshi AS et
al.

2025,
India(12)

Hayley Sacks
etal. 2023
USA/

India(13)

Systematic  review
& meta-analysis
(PRISMA;
PROSPERO
CRD42020191104)

Level |

Prospective
comparative

study (Level 111)

Multi-site
retrospective cohort

study

20 studies;
N=10,032 open

tibial ~ fractures.
Searched
MEDLINE,
PubMedCentral,
EMBASE,
SCOPUS,
Cochrane, Web
of Science.
Search date: 13
May 2020.

N=223. Group A
(<24h): n=110;
Group B (>24h):

n=113. 88.3%
male.
Government

Medical College,

Patiala.

Open tibial
fractures

requiring  flap

coverage 80
patients were
included, 44

from India and
36 from the US.

Open tibial fractures;
adults >16 years; studies
reporting infection or
non-union by timing of
debridement. Exclusion:
animal studies,
paediatric-only, <25
fractures, non-English,

non-tibia-only.

Adult open lower limb
long bone fractures.
Exclusion:

foot/pelvis/patella/spine
fractures, surgery done
elsewhere, no consent.
All underwent
standardised

debridement.

Type I1IB or IIC open
tibia fractures requiring

free tissue transfer.

preserving initial
strategies.
Timing meta-

analysis; radicality
not studied:
This meta-analysis
addresses timing of
debridement,  not
radicality. The
independent

variable is early vs.
late  debridement
across 5  time
thresholds (5, 6, 8,
12, 24h). Radicality
of debridement was
neither defined nor

assessed across any

included study.
Timing study;
radicality not the
variable:

Both groups
received

standardised
surgical
debridement. The
study compares
timing of
debridement (<24h
vs. >24h), not

radicality of
debridement.  No
within-study

comparison of
aggressive VS.

tissue-preserving

strategies.

Serial debridement
cohort versus early
total debridement

cohort

No significant
association between
delayed
debridement  and
infection: OR=0.87
(95% CI 0.68-1.11;
p=0.23). No
significant
association with
non-union:
OR=0.70 (95% ClI
0.42-1.15; p=0.13).
12=0%

analyses.

across all

Infection: Group A
27.27% vs. Group B
28.32% (p=0.9802,
NS). Non-union:
Group A 7.27% vs.
Group B 11.50%
(p=0.2793, NS).
GAC
dominant predictor
(p<0.00001): Grade
3B infection 66.67%
(A) and 52.17% (B).

grade

Serial debridement
required more pre-
flap procedures and
was associated with
higher infection and
nonunion rates,

while flap failure



was similar between

groups.

Section 3: Results

Across the 12 papers, the evidence does not show that aggressive initial
debridement is universally superior to tissue-preserving debridement;
instead, it supports thorough excision of clearly nonviable tissue while
preserving marginally viable bone and soft tissue when biology allows. The
strongest direct comparison cited in this set found no significant infection
advantage for more aggressive versus less aggressive bone debridement in
open supracondylar femur fractures, although the aggressive protocol series

reported excellent union and no deep infection without a control group.

Jones et al. treated 18 Grade Il open forearm fractures with extensive
debridement and deliberate preservation of periosteal and soft-tissue
attachments, achieving good or excellent outcomes in 12 patients with only
one deep infection (5.6%), demonstrating that successful results are
compatible with selective tissue preservation.(9) McNamara et al. evaluated
24 Grade 111B and I11C tibial fractures and found that 56% of salvaged limbs
healed without bone graft, concluding that overall outcomes were driven by
injury severity rather than debridement strategy alone.(10) Tropet et al.
reported five Grade IIIB tibial fractures with bone loss treated with
aggressive one-stage emergency debridement, fixation, grafting, and flap
coverage, achieving union in all cases with no osteitis and only one

superficial infection.(8)



Archdeacon et al. described debridement as a double-edged sword,
recommending systematic tissue assessment with preservation of skin and
bone not obviously devitalized, and serial debridement at 24-72-hour
intervals to allow full demarcation of the injury zone. (6) Fujita et al.
reported 16 pediatric Type Ill open tibial fractures and stated that periosteum
should not be excised unless grossly contaminated, with thorough wound
irrigation and repeated debridement only when required to achieve a clean
wound.(3)

Harley et al. studied 215 open long bone fractures and found that time to
definitive debridement was not a significant predictor of deep infection or
nonunion, with Gustilo-Anderson grade being the dominant determinant of
outcome.(2) Pollak et al., in the LEAP study of 315 patients with severe
lower extremity trauma, found that time from injury to operative
debridement was not an independent predictor of infection but timely
admission to a definitive trauma centre was.(4) Kamath et al. reviewed soft-
tissue coverage strategies in open tibial fractures and advocated early radical
debridement, but their outcomes data pertain to coverage timing rather than

proving superiority of maximal tissue excision over preservation.(7)

Moloney and Tarkin noted that in open distal femur fractures, a direct
comparison between aggressive and less aggressive debridement found no
significant difference in infection rates (18% vs 25%), suggesting that less
aggressive debridement may avoid secondary reconstructive surgery without
worsening infection risk.(5) Trimaille et al. highlighted the multidisciplinary

management of bone and joint infection complicating open lower limb



fractures, underscoring that inadequate initial debridement is a key driver of
subsequent infection and that thoroughness of excision matters more than
speed.(11)

Sacks et al, in their study on the relationship between number of
debridements and clinical outcomes in severe open tibial fractures requiring
flap coverage supports a radical debridement approach. The serial
debridement cohort underwent more debridements before flap coverage and
had higher rates of infection and nonunion than the early radical debridement
cohort, although flap failure rates were similar. This suggests that a greater
number of debridements is not itself protective and may instead reflect a

more complicated wound course.(13)

Nicolaides et al., in a systematic review and meta-analysis of 10,032 open
tibial fractures, found no statistically significant association between
delayed debridement and infection or nonunion rates, reinforcing that the
quality of debridement outweighs its timing. (1) Bakshi et al. prospectively
studied 223 lower limb open fractures and found no significant difference in
infection (27.3% vs 28.3%) or non-union rates between debridement within
and beyond 24 hours, with Gustilo-Anderson grade being the only

significant predictor of both outcomes.(12)

Overall, the evidence favors selective radicality, to remove dead and
contaminated tissue aggressively, but preserve bone and soft tissue with
plausible viability, especially periosteal and cancellous attachments, unless

contamination or devascularization makes preservation unsafe.



Section 4: Discussion

The available literature does not support a blanket claim that aggressive
initial debridement is superior to tissue-preserving debridement in all open
fractures. Instead, it shows that the key principle is complete removal of
nonviable and contaminated tissue, while preserving tissue with potential
viability whenever it is safe to do so. This distinction is central because
radical excision can reduce bacterial burden, but it can also enlarge the
defect, sacrifice periosteal or soft-tissue attachments, and create a

reconstruction problem that did not exist at presentation.

Jones et al. provide one of the clearest examples of selective preservation
within a generally aggressive protocol. Despite the severity of injury, they
achieved good or excellent outcomes in most patients and only one deep
infection, suggesting that aggressive debridement does not require tissue

sacrifice.(9)

Fujita et al. reinforce this principle in children. They state that periosteum
should not be excised unless it is grossly contaminated because it is
important for revascularization, and they emphasize preservation of soft-
tissue and bony structure during initial management. Their report also shows
that repeated debridement may be necessary when the wound is not yet
clean, which supports a staged reassessment approach rather than a one-time

maximal excision strategy.(3)

Archdeacon et al. recommendations are highly relevant to the present

question because they distinguish necrotic tissue which should be excised.



They also note that metaphyseal and periarticular fragments with cancellous

attachment may retain revascularization potential.(6)

Moloney and Tarkin argue that aggressive debridement may be appropriate
in heavily contaminated fractures with bone loss, particularly when the goal
IS to create an anticipated nonunion and plan staged reconstruction.
However, the comparative evidence they cite did not demonstrate a
significant infection advantage for more aggressive bone debridement over
less aggressive debridement. This means the theoretical benefits of radical
excision remain plausible in selected injuries, but they are not proven to be

universally superior.(5)

Sacks et al., suggest that repeated returns to theatre should not be viewed as
a surrogate for better wound care. In the study, serial debridement was
associated with more pre-flap procedures and higher infections and union
outcomes than early total debridement. This reinforces the principle that
debridement should be thorough and purposeful rather than prolonged

through repeated partial excision.(13)

Kamath et al. advocate radical early debridement in severe open tibial
fractures, but their data are better interpreted as support for thorough initial
wound management and early coverage rather than proof that maximal
excision of marginal tissue improves outcomes. Their emphasis on the grey
zone of injury is particularly useful: the surgeon must assess the extent of
tissue viability carefully, because tissue that appears compromised at first

may still be useful for flap coverage or reconstruction. That practical concern



supports selective preservation where safe, especially in complex tibial

wounds where soft tissue options are limited.(7)

The evidence suggests that the best strategy is not radical or tissue preserving
debridement as opposing doctrines, but rather a disciplined, anatomy aware
debridement. Dead muscle, cortical fragments stripped of periosteum, and
grossly contaminated tissue should be removed. However, potentially viable
tissue should not be excised immediately, especially when it carries
periosteal or cancellous attachment and may contribute to union and

coverage.

In practical terms, aggressive debridement is most indicated when
contamination is heavy, tissue viability is clearly lost, or the injury pattern
already predicts staged reconstruction. Tissue-preserving debridement is
more appropriate when the wound is not grossly contaminated and there is a

realistic chance of salvaging useful bone or soft tissue.

Section 5a: Risk of Bias Assessment - HIGH

The overall evidence on debridement radicality is low quality, with most
studies being retrospective single-arm series, narrative reviews, or timing
studies rather than direct comparisons of aggressive versus tissue-preserving

debridement.

Only one source cites a head-to-head radicality comparison indirectly, so the
conclusion is vulnerable to secondary-reporting bias and does not provide

strong comparative proof.



Overall, there is insufficient high-level evidence to determine that aggressive
initial debridement is superior to tissue-preserving strategies in open

fractures.

Section 5b: Recommendation
The current evidence does not prove superiority of aggressive initial
debridement; rather, it supports thorough removal of nonviable tissue

with selective preservation of viable structures when feasible.

In heavily contaminated or clearly devascularized injuries, more
aggressive debridement may be justified as part of a staged orthoplastic

reconstruction plan, but not as a universal rule.

Section 6: Level of Evidence - LOW.

Only one source (Moloney & Tarkin 2018, citing Ricci et al.) provides a
comparative result between more and less aggressive debridement strategies,
and this data is accessible only as a secondary citation within a narrative
review, not as a standalone primary study. The remaining evidence
comprises retrospective case series (Levels Il1-1V), narrative reviews and
expert opinion (Level V), and one systematic review (Nicolaides et al.) that

addresses timing of debridement.
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