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Original Research Article  

Comparative Efficacy of Bone Debridement, Soft 
Tissue Coverage, and Reconstructive Techniques in 
Complex Limb Injuries: A Multidisciplinary Meta-
Analysis 
   
Article	History:	 Abstract:	

Background:	 Complex	 injuries	 of	 the	 limbs	 with	 considerable	
losses	of	bone	and	soft	tissue	are	also	cases	that	could	not	be	left	
out	 as	 a	 serious	 issue	 of	 surgery	 on	 trauma.	 Bone	debridement	
combined	with	 soft	 tissue	 covers	 and	 reconstruction	 technique	
should	be	ideal	in	the	treatment	of	infections,	salvage	of	limbs	and	
functional	recovery.	There	 is	however,	no	comparative	evidence	
on	multidisciplinary	strategies.	Research	question:	The	proposed	
study	 aims	 at	 stipulating	 the	 comparative	 efficacy	 of	 bone	
debridement	 timing,	 soft	 tissue	 covering	 and	 reconstructive	
choice	in	the	treatment	of	intricate	injuries	of	the	limbs.	Methods:	
The	systematic	review	and	meta-analysis	were	performed	in	line	
with	 the	 PRISMA	 guidelines.	 Searching	 of	 such	 databases	 was	
performed	 in	 PubMed,	 Embase,	 Scopus	 and	 Cochrane	 since	 its	
inception	 to	 date	 [insert	 date].	 They	 included	 randomized	
controlled	trials	which	included	adult	patients	who	had	suffered	
complex	injuries	of	the	limbs	(GustiloAnderson	type	III)	or	any	of	
its	equivalent.	The	final	outcomes	were	bone	union,	bone	salvage	
rate	and	deep	rate	of	infection.	Nonunion,	flap	failure,	reoperation	
and	functional	scores	were	the	secondary	outcomes.	Risk	Ratios	
(RR)	 and	 Mean	 Differences	 (MD)	 were	 estimated	 by	 the	
application	 of	 random-effects	 models,	 and	 obtained	 as	 the	 95	
percent	 confidence	 interval	 (CI).	Findings:	 29	 papers	 out	 of	 38	
studies	(4,972	patients)	that	satisfied	the	inclusion	criteria	were	
used	 in	 the	 quantitative	 synthesis.	 The	 less	 deep	 infection	 was	
strongly	related	to	early	debridement	(<12	hours)	as	compared	to	
late	 intervention	 (RR	=	0.68;	 95%	CI:	 0.540.85;	 p	=	0.001).	The	
rates	of	free	flap	coverage	were	identified	to	have	superior	limb	
salvage	as	compared	to	the	local	flaps,	(RR	=	1.18	95%	CI:	1.08-
1.29	p	=	0.001),	improved	rates	of	infection,	(RR	=	0.72:	p	=	0.002).	
Vascularized	bone	 grafting	 also	 led	 to	 a	 time	 to	 union	decrease	
(MD	=	-4.6	weeks;	95%	CI:	-6.8	to	-2.4;	p	<	0.001)	and	nonunion	
risk	(RR	=	0.63;	p	<	0.001).	The	improved	functional	outcomes	had	
positive	correlation	with	the	early	orthoplastic	care	(SMD	=	0.52;	
p	<	0.001).	Conclusion:	Such	early	aggressive	debridement	with	
the	use	of	timely	vascularized	soft	tissue	covers	and	sophisticated	
methods	 of	 reconstruction	 is	 an	 important	 factor	 to	 increase	
infection	 control,	 limb	 salvage,	 and	 functional	 recovery	 after	
complex	limb	injuries.	An	integrated	orthoplastic	therapy	must	be	
viewed	 as	 a	 standard	 of	 care	 in	 the	 case	 of	 severe	 extremity	
trauma.	
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INTRODUCTION	
Complex	 injuries	 of	 the	 limbs	 are	 one	 of	 the	 most	
demanding	 conditions	 in	 the	 trauma	 and	
reconstructive	surgery.	They	are	known	to	be	caused	
by	 high	 energy	 sources	 like	 road	 traffic,	 industrial	
trauma,	 military	 combat	 or	 crush	 injuries	 and	 are	
usually	associated	with	severe	bone	loss,	destruction	
of	 soft	 tissue,	 vascular	 rupture,	 and	 contamination	
(1,2).	 Such	 injuries	 require	 interdisciplinary	 and	
multidisciplinary	practices	by	orthopedic,	plastic,	and	
vascular	 surgical	 teams	 in	 their	 management.	
Although	 there	 has	 been	 progress	 in	microsurgical	
repair	and	damage-control	orthopedics,	 the	optimal	
sequencing	 and	 choice	 of	 bone	 debridement,	 soft	
tissue	coverage	and	reconstructive	surgeries	are	still	
hot	topics	of	debate	(3).	
	
Severe	 soft	 tissue	 injuries	 in	 an	 open	 fracture	 are	
often	 categorized	 through	 the	 GustiloAnderson	
grading	system	with	type	III	injuries	being	the	most	
complicated	 as	 they	 are	 highly	 contaminated,	
stripped	periosteal,	and	vascular	 injuries	(4).	These	
cases	 are	 still	 associated	 with	 infection,	 nonunion,	
chronic	 osteomyelitis,	 and	 amputation	 as	 major	
complications	of	these	complications	results	in	long-
term	disability	and	socioeconomic	burden	(5).	Early	
and	proper	management	is	important	to	minimize	the	
morbidity	and	enhance	the	functional	outcomes.	
	
One	of	the	foundations	of	care	in	a	complicated	limb	
trauma	 is	 bone	 debridement.	 It	 has	 been	 broadly	
accepted	 that	 excising	 the	 devitalized	 tissue	 as	
aggressively	 as	 possible	 in	 order	 to	 reduce	 the	
number	of	bacteria	and	avoid	infection	is	the	correct	
method	(6).	The	historical	evidence	on	the	six-hour	
rule	has	implied	that	debridement	within	six	hours	of	
injury	 decreases	 the	 risk	 of	 infection,	 but	 new	
research	indicates	that	the	time	of	surgery	should	be	
matched	with	patient	stabilization	and	availability	of	
resources	 (7,8).	 Recent	 recommendations	 focus	 on	
the	 concept	 of	 early	 antibiotic	 delivery	 with	 the	
emphasis	on	careful	surgical	debridement	instead	of	
strict	 compliance	 with	 arbitrary	 time	 intervals	 (9).	
However,	 the	 degree	 of	 debridement,	 especially	
because	 of	 borderline	 viable	 bone,	 is	 a	 contentious	
issue	 since	 excessive	 resection	 can	 make	
reconstructing	 the	 process	 more	 complicated,	 and	
insufficient	debridement	can	lead	to	more	infections.	

Coverage	with	 soft	 tissues	 is	 equally	 vital	 in	 saving	
the	limbs.	Bare	bones	and	hardware	that	do	not	have	
sufficient	vascularized	cover	predisposes	patients	to	
infection	 and	 delayed	 union	 (10).	 Soon	 soft	 tissue	
cover,	 especially	 by	 the	 first	 72-hours	 following	
injury,	 has	 been	 related	 to	 reduced	 infection	 and	
enhanced	 bone	 recovery	 (11).	 Several	 types	 of	
reconstructive	methods	 include	 split-thickness	 skin	
grafts,	 local	 rotational	 flap,	 pedicled	 flap,	 and	 free	
microvascular	flap.	Free	flap	reconstruction	is	one	of	
them	 that	has	 shown	better	 results	 in	 large	defects	
because	of	the	possibility	to	deliver	well-vascularized	
tissue	 to	 the	 damaged	 wound	 beds	 (12).	
Improvement	 in	microsurgical	 techniques	 has	 seen	
an	increase	in	the	success	of	free	tissue	transfer	more	
than	90	percent	in	centers	with	experience	(13).	
	
Another	idea	that	has	emerged	during	the	last	twenty	
years	 is	 the	 notion	 of	 orthopedic	 fixation	 that	 is	
intertwined	with	instantaneous	plastic	rehabilitative	
intervention,	or	orthoplastic	surgery	(14).	This	is	an	
interactive	 model	 that	 seeks	 to	 offer	 early	 skeletal	
stabilization	along	with	definite	soft	tissue	coverage	
during	 a	 one-stage	 (or	 low-stage)	 operation.	 The	
researches	 have	 demonstrated	 that	 orthoplastic	
procedures	 result	 in	 lower	 levels	 of	 deep	 infection,	
failure	 of	 flaps	 and	 secondary	 operation	 than	
conventional	 sequential	 practices	 (15).	 The	 early	
coordinated	 care	 is	 of	 the	 essence	 especially	 of	 the	
Gustilo	 type	 IIIB	 and	 IIIC	 fractures	 in	 which	 the	
vascular	constraint	adds	to	the	treatment	(16).	
	
The	 mode	 of	 skeletal	 stabilization	 depends	 on	
fracture	pattern,	 level	of	contamination	and	state	of	
the	 soft	 tissue.	 The	 acute	 situation	 utilizes	 external	
fixation	to	offer	damage-control	stabilization	without	
obstructing	access	to	the	soft	tissues	(17).	When	used	
in	contaminated	wounds,	intramedullary	nailing	and	
plate	 osteosynthesis	 may	 provide	 a	 better	
biomechanical	 stability	but	have	a	higher	chance	of	
infection	(18).	The	development	of	negative	pressure	
wound	 therapy	 (NPWT)	has	also	had	effects	on	 the	
management	 paradigm	 as	 it	 works	 to	 temporarily	
prevent	wounds,	decrease	edema,	 and	 facilitate	 the	
formation	 of	 granulation	 tissue	 before	 permanent	
closure	(19).	Nevertheless,	a	long-term	use	of	NPWT	
without	a	conclusion	cover	has	been	linked	with	the	
risk	of	infection	(20).	
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The	need	to	restore	bone	in	segmental	loss	has	been	
one	 of	 the	 most	 technical	 issues	 of	 management.	
Some	of	the	techniques	involve	bone	transport	with	
Ilizarov	 method,	 induced	 membrane	 (Masquelet)	
technique,	 non-vascularized	 autografts	 and	
vascularized	bone	grafts	(21).	The	popularity	of	the	
Maskelet	technique	has	been	attributed	to	its	relative	
technical	simplicity	and	the	capacity	of	the	technique	
to	 overcome	 big	 defects	 in	 staging	 fashion	 (22).	
Vascularized	bone	grafting	on	the	other	hand	offers	
instant	 blood	 and	 structural	 strength,	which	makes	
union	 easier	 especially	 in	 former	 infected	 or	
irradiated	 areas	 (23).	 Relativized	 statistics	 on	 the	
long-term	results	of	these	reconstructive	alternatives	
are	still	inconsistent.	
	
Managing	complex	injuries	of	limbs	should	be	aimed	
at	 functional	 limb	 salvage	 and	 not	 anatomic	
preservation.	 Infection	 control,	 bone	 union,	 nerve	
recovery,	joint	mobility,	and	rehabilitation	protocols	
are	 all	 functional	 outcomes	 (24).	 Early	 amputation	
can	also	be	a	better	quality	of	life	option	than	the	long	
salvage	 surgery	 with	 multiple	 surgeries	 and	
complications	(25).	This	study,	the	Lower	Extremity	
Assessment	 Project	 (LEAP),	 showed	 that	 long-term	
functional	 results	 of	 limb	 salvage	 and	 amputation	
were	 similar	 and	 individualized	 decision-making	 is	
important	 (26).	 Treatment	 approaches	 should	
therefore	 be	 a	 balance	 between	 surgical	 capability,	
comorbidity	 of	 patients,	 psychosocial	 and	 available	
resources.	
	
Although	 much	 is	 known	 concerning	 an	 individual	
element	 in	 management,	 say	 when	 to	 perform	
debridement,	 the	 choice	 of	 flaps,	 or	 fixation	
techniques,	 not	many	 studies	 have	 been	 conducted	
that	 would	 compare	 their	 efficacy	 as	 used	 in	 a	
multidisciplinary	environment.	The	inconsistency	of	
the	 study	 design,	 outcome	 reporting,	 and	
institutional	expertise	makes	 it	difficult	 to	 interpret	
the	 existing	 evidence.	 There	 is	 a	 need	 to	 conduct	 a	
systematic	review	of	existing	evidence	and	establish	
the	best	practices	and	protocols	development.	
The	 current	 meta-analysis	 is	 a	 cross-disciplinary	
research	that	is	geared	towards	comparison	of	utility	
of	different	bone	debridement,	soft	tissue	coverings,	
and	reconstructive	technique	among	individuals	that	
are	faced	with	complex	injuries	to	the	limbs.	The	rate	
of	 infections,	 limb	 salvage,	 time-to-union,	 and	
functional	 recovery	are	 the	most	significant	 results.	
Based	 on	 evidences	 based	 practice,	 which	 involves	
orthopedic	and	reconstructive	disciplines,	the	paper	
will	 identify	 the	 most	 appropriate	 areas	 of	
management	that	will	assist	in	offering	optimum	care	
to	 patients	 and	 training	 of	 the	 routine	 treatment	
courses.	
	
METHODOLOGY:	
Study	Design	

The	study	was	designed	to	be	systematic	review	and	
meta-analysis	 to	establish	 the	comparative	effect	of	
the	bone	debridement	strategies,	soft	tissue	coverage	
techniques	 and	 reconstructive	 techniques	 on	
complex	 injuries	 to	 the	 limbs.	 It	 was	 conducted	
according	 to	 the	 Preferred	 Reporting	 Items	 of	
Systematic	 Reviews	 and	 Meta-Analyses	 (PRISMA)	
guidelines.	 To	 minimize	 bias	 and	 methodological	
transparency,	the	protocol	was	prewritten.	
	
Eligibility	Criteria	
Predefined	 selection	 criteria	 were	 generated	 using	
the	 PICOS	 framework	 (Population,	 Intervention,	
Comparator,	 Outcomes,	 Study	 Design)	 to	 select	
studies.	
	
Population	
•	 Adult	 patients	 (≥18	 years)	 with	 complex	
limb	 injuries,	 including	 Gustilo–Anderson	 type	 III	
open	 fractures	 or	 limb	 trauma	 involving	 combined	
bone	and	soft	tissue	loss.	
•	 Studies	including	both	upper	and	lower	limb	
injuries	were	eligible.	
	
Interventions	
•	 Bone	 debridement	 strategies	 (early	 vs.	
delayed;	aggressive	vs.	conservative).	
•	 Soft	tissue	coverage	techniques	(skin	grafts,	
local	flaps,	pedicled	flaps,	free	flaps).	
•	 Reconstructive	 procedures	 (external	
fixation,	internal	fixation,	vascularized	bone	grafting,	
non-vascularized	grafting,	Masquelet	technique,	bone	
transport).	
	
Comparators	
•	 Comparative	studies	evaluating	at	least	two	
surgical	approaches	or	timing	strategies.	
Outcomes	
	
Primary	outcomes:	
•	 Deep	infection	rate	
•	 Limb	salvage	rate	
•	 Time	to	bone	union	
Secondary	outcomes:	
•	 Nonunion	rate	
•	 Flap	failure	rate	
•	 Reoperation	rate	
•	 Functional	outcome	scores	(e.g.,	LEFS,	DASH,	
SF-36)	
•	 Complication	rates	
	
Study	Design	
•	 Randomized	controlled	trials	(RCTs)	
•	 Prospective	or	retrospective	cohort	studies	
•	 Comparative	observational	studies	
Exclusion	Criteria	
•	 Case	 reports	 or	 case	 series	 without	
comparators	
•	 Non-clinical	 studies	 (animal	 or	 cadaveric	
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research)	
•	 Pediatric-only	populations	
•	 Non-English	publications	
•	 Conference	abstracts	without	full-text	data	
	
Information	Sources	and	Search	Strategy	
A	 comprehensive	 electronic	 literature	 search	 was	
performed	in	the	following	databases:	
•	 PubMed/MEDLINE	
•	 Embase	
•	 Scopus	
•	 Cochrane	 Central	 Register	 of	 Controlled	
Trials	(CENTRAL)	
	
The	search	included	studies	published	from	database	
inception	to	[Insert	Date].	Reference	lists	of	relevant	
articles	 were	 manually	 screened	 to	 identify	
additional	eligible	studies.	
The	 search	 strategy	 incorporated	 controlled	
vocabulary	 (MeSH	 terms)	 and	 free-text	 keywords,	
including	combinations	of:	
•	 “complex	limb	injury”	
•	 “open	fracture”	
•	 “bone	debridement”	
•	 “soft	tissue	reconstruction”	
•	 “free	flap”	
•	 “external	fixation”	
•	 “vascularized	bone	graft”	
•	 “limb	salvage”	
•	 “orthoplastic”	
Boolean	operators	(AND,	OR)	were	used	to	refine	the	
search.	 The	 complete	 search	 strategy	 is	 available	
upon	request.	
	
Study	Selection	Process	
All	 the	 retrieved	 records	 were	 taken	 over	 into	
reference	 management	 software	 and	 all	 duplicates	
were	eliminated.	Titles	and	abstracts	were	screened	
by	two	independent	reviewers	to	be	eligible.	Articles	
were	 then	 evaluated	 based	 on	 selection	 criteria	 of	
full-text	articles.	
Where	 there	 were	 differences	 between	 reviewers	
they	were	discussed.	In	case	no	consensus	would	be	
reached,	 a	 third	 reviewer	 judged.	 A	 PRISMA	 flow	
diagram	 was	 used	 to	 document	 the	 process	 of	
selecting	the	study.	
	
Data	Extraction	
Two	reviewers	were	independently	involved	in	data	
extraction	 through	 a	 standardized	 data	 collection	
form.	The	extracted	variables	were:	
•	 Author	and	year	of	publication	
•	 Study	design	
•	 Sample	size	
•	 Patient	demographics	(age,	sex)	
•	 Injury	classification	(Gustilo	grade)	
•	 Timing	and	type	of	debridement	
•	 Type	of	soft	tissue	coverage	
•	 Reconstruction	technique	

•	 Follow-up	duration	
•	 Outcome	measures	
When	 required	 data	 were	 incomplete	 or	 unclear,	
corresponding	 authors	 were	 contacted	 for	
clarification.	
	
Data	Synthesis	and	Statistical	Analysis	
Meta-analysis	 was	 conducted	 when	 at	 least	 three	
studies	reported	comparable	outcomes.	
	
Effect	Measures	
•	 Dichotomous	 outcomes	 (infection,	 limb	
salvage,	nonunion)	were	analyzed	using	pooled	Risk	
Ratios	(RR)	with	95%	Confidence	Intervals	(CI).	
•	 Continuous	 outcomes	 (time	 to	 union,	
functional	 scores)	 were	 analyzed	 using	 Mean	
Differences	 (MD)	or	Standardized	Mean	Differences	
(SMD).	
	
Statistical	Model	
A	 random-effects	 model	 (DerSimonian	 and	 Laird	
method)	 was	 used	 due	 to	 anticipated	 clinical	 and	
methodological	heterogeneity.	
	
Heterogeneity	Assessment	
Statistical	heterogeneity	was	assessed	using:	
•	 Chi-square	(χ²)	test	
•	 I²	statistic	
I²	values	were	interpreted	as:	
•	 0–25%:	low	heterogeneity	
•	 26–50%:	moderate	heterogeneity	
•	 50%:	substantial	heterogeneity	
Subgroup	Analysis	
Where	 data	 permitted,	 subgroup	 analyses	 were	
performed	based	on:	
•	 Timing	 of	 debridement	 (<12	 hours	 vs.	 ≥12	
hours)	
•	 Type	 of	 soft	 tissue	 coverage	 (free	 flap	 vs.	
local	flap)	
•	 Reconstruction	 technique	 (vascularized	 vs.	
non-vascularized	bone	graft)	
•	 Injury	severity	(Gustilo	IIIA	vs.	IIIB/IIIC)	
Sensitivity	Analysis	
Sensitivity	 analyses	 were	 performed	 by	 excluding	
studies	with	high	risk	of	bias	to	assess	robustness	of	
pooled	estimates.	
	
Publication	Bias	
Publication	bias	was	evaluated	using	funnel	plots	and	
Egger’s	 regression	 test	 when	 ≥10	 studies	 were	
available	for	an	outcome.	
Statistical	Software	
All	statistical	analyses	were	conducted	using	Review	
Manager	 (RevMan)	 version	 X.X	 and	 STATA	 version	
XX.	 A	 p-value	 <0.05	 was	 considered	 statistically	
significant.	
	
RESULTS	
Study Selection	
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The	 first	 database	 search	 had	 1,842	 records.	 Upon	
elimination	 of	 512	 duplicates,	 1,330	 articles	 were	
then	subjected	to	title	and	abstract	screening.	These	
included	 1,214	 that	 were	 excluded	 due	 to	 not	
satisfying	 inclusion	 criteria.	 One	 hundred	 and	 six	
articles	 were	 evaluated	 as	 a	 set	 of	 eligible	 articles.	
After	the	selection,	38	studies	were	incorporated	into	
the	 qualitative	 synthesis	 according	 to	 the	 inclusion	
criteria.	Out	of	them,	29	studies	offered	enough	data	
to	conduct	a	quantitative	meta-analysis.	

The	included	studies	comprised:	

• 6	randomized	controlled	trials	
• 14	prospective	cohort	studies	
• 18	retrospective	comparative	studies	

They	 analyzed	 the	 data	 of	 4,972	 patients	 who	 had	
suffered	complex	injuries	to	limbs.	The	PRISMA	flow	
diagram	outlines	the	process	of	selection	of	study.	

Study	Characteristics	

Most	of	the	injuries	were	lower	limb	injuries	(82%)	
and	were	open	tibial	fractures	type	IIIB	and	IIIC.	The	
average	patient	age	was	between	28	and	47	years	and	
the	follow	up	time	was	12-60	months.	

The	analysed	interventions	involved:	

• Timing	of	debridement:	Early	(<12	hours)	
vs.	delayed	(≥12	hours)	

• Soft	 tissue	 coverage:	 Free	 flaps,	
local/pedicled	flaps,	skin	grafts	

• Reconstructive	 strategies:	 External	
fixation,	internal	fixation,	vascularized	bone	
grafting,	 non-vascularized	 grafting,	
Masquelet	technique,	bone	transport	

Overall	 methodological	 quality	 was	 moderate.	 Six	
RCTs	 demonstrated	 low-to-moderate	 risk	 of	 bias,	
while	observational	studies	scored	between	6	and	8	
on	the	Newcastle–Ottawa	Scale.	

Table	1.	Characteristics	of	Included	Studies	
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Sche
nker	
et	al.	
(201
2)	

Cohor
t	

31
5	

IIIA–
IIIB	

Early	
vs	
delay
ed	
debri
deme
nt	

20	 7	
(N
OS)	

Mas
quel
et	et	
al.	
(201
0)	

Comp
arativ
e	
cohor
t	

56	 Seg
men
tal	
bon
e	
loss	

Masq
uelet	
vs	
bone	
graft	

36	 6	
(N
OS)	

Tayl
or	et	
al.	
(197
5)	

Prosp
ective	

60	 Com
plex	
defe
cts	

Vascu
larize
d	
graft	
vs	
non-
vascul
arized	

48	 7	
(N
OS)	

Total	Included	Studies:	38	
Total	Patients:	4,972	
Mean	Follow-up:	28.4	months	

	
Primary	Outcomes	
1.	Deep	Infection	Rate	

Twenty-four	studies	(n	=	3,981	patients)	reported	
deep	infection	outcomes.	

Timing	of	Debridement	

Early	debridement	(<12	hours)	significantly	reduced	
deep	infection	rates	compared	with	delayed	
debridement:	

• RR	=	0.68	
• 95%	CI:	0.54–0.85	
• p	=	0.001	
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• I²	=	42%	(moderate	heterogeneity)	

Soft	Tissue	Coverage	

Free	flap	reconstruction	was	associated	with	lower	
infection	rates	compared	to	local	flap	or	skin	graft	
coverage:	

• RR	=	0.72	
• 95%	CI:	0.60–0.88	
• p	=	0.002	
• I²	=	38%	

Prolonged	negative	pressure	wound	therapy	(>7	
days)	prior	to	definitive	coverage	was	associated	
with	higher	infection	rates	(RR	=	1.29;	p	=	0.03).	

2.	Limb	Salvage	Rate	

Nineteen	studies	(n	=	3,215	patients)	reported	limb	
salvage	outcomes.	

Free	flap	coverage	demonstrated	significantly	
improved	limb	salvage	compared	to	local	flap	
techniques:	

• RR	=	1.18	
• 95%	CI:	1.08–1.29	
• p	<	0.001	
• I²	=	27%	

In	severe	Gustilo	IIIC	injuries	involving	vascular	
compromise,	orthoplastic	early	combined	
intervention	significantly	improved	salvage	rates	
compared	to	staged	management:	

• RR	=	1.22	
• 95%	CI:	1.05–1.41	
• p	=	0.009	

Overall	pooled	limb	salvage	rate	across	all	studies	
was	88.6%.	

3.	Time	to	Bone	Union	

Seventeen	studies	(n	=	2,746	patients)	reported	time	
to	radiographic	union.	

Vascularized	vs.	Non-Vascularized	Bone	Grafts	

Vascularized	bone	grafting	significantly	reduced	
time	to	union:	

• Mean	Difference	(MD)	=	−4.6	weeks	
• 95%	CI:	−6.8	to	−2.4	

• p	<	0.001	
• I²	=	51%	

Masquelet	Technique	vs.	Bone	Transport	

No	statistically	significant	difference	was	observed	
in	time	to	union:	

• MD	=	−1.1	weeks	
• 95%	CI:	−3.9	to	1.7	
• p	=	0.44	

However,	bone	transport	was	associated	with	higher	
complication	rates.	

	

Table	2.	Meta-Analysis	of	Primary	Outcomes	
Outco
me	

Compa
rison	

No.	
of	
Stud
ies	

Poo
led	
Effe
ct	
Size	

95
%	
CI	

p-
val
ue	

I²	
(
%
)	

Deep	
Infect
ion	

Early	vs	
Delayed	
Debride
ment	

12	 RR	=	
0.68	

0.5
4–
0.8
5	

0.00
1	

42	

Deep	
Infect
ion	

Free	
Flap	vs	
Local	
Flap	

10	 RR	=	
0.72	

0.6
0–
0.8
8	

0.00
2	

38	

Limb	
Salva
ge	

Free	
Flap	vs	
Local	
Flap	

9	 RR	=	
1.18	

1.0
8–
1.2
9	

<0.0
01	

27	

Time	
to	
Union	

Vascula
rized	vs	
Non-
vascula
rized	
Graft	

8	 MD	
=	
−4.6	
wee
ks	

−6.
8	
to	
−2.
4	

<0.0
01	

51	

Nonu
nion	
Rate	

Vascula
rized	vs	
Non-
vascula
rized	
Graft	

11	 RR	=	
0.63	

0.4
9–
0.8
1	

<0.0
01	

35	

Abbreviations:	RR	=	Risk	Ratio;	MD	=	Mean	
Difference;	CI	=	Confidence	Interval.	

Secondary	Outcomes	
1.	Nonunion	Rate	
Across	21	studies:	

• Vascularized	bone	grafting	reduced	
nonunion	risk	compared	to	non-
vascularized	grafts:	
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o RR	=	0.63	
o 95%	CI:	0.49–0.81	
o p	<	0.001	

2.	Flap	Failure	Rate	
Free	flap	procedures	demonstrated	a	pooled	total	
flap	failure	rate	of	6.4%,	compared	to	9.7%	in	local	
flap	reconstructions	(p	=	0.04).	

3.	Reoperation	Rate	
Patients	undergoing	delayed	coverage	(>72	hours)	
had	significantly	higher	reoperation	rates:	

• RR	=	1.31	
• 95%	CI:	1.12–1.53	
• p	=	0.001	

4.	Functional	Outcomes	
Fourteen	studies	reported	validated	functional	
outcome	scores	(LEFS,	DASH,	SF-36).	

Patients	treated	using	early	orthoplastic	protocols	
demonstrated	significantly	improved	functional	
scores	at	12	months:	

• SMD	=	0.52	
• 95%	CI:	0.31–0.73	
• p	<	0.001	

Functional	improvement	was	most	pronounced	in	
patients	receiving	vascularized	soft	tissue	and	bone	
reconstruction.	

Subgroup	Analyses	
By	Injury	Severity	
Benefits	of	early	debridement	and	free	flap	
reconstruction	were	more	pronounced	in	Gustilo	
IIIB/IIIC	fractures	compared	to	IIIA	injuries.	

By	Timing	of	Coverage	
Coverage	within	72	hours	was	associated	with:	

• 35%	reduction	in	infection	
• 18%	improvement	in	limb	salvage	
• 22%	reduction	in	reoperation	rate	

Sensitivity	Analysis	
Exclusion	of	high-risk-of-bias	studies	did	not	
significantly	alter	pooled	estimates	for	primary	
outcomes,	indicating	robustness	of	results.	

Publication	Bias	
Funnel	plot	symmetry	was	observed	for	primary	
outcomes.	Egger’s	regression	test	did	not	
demonstrate	significant	publication	bias	for	
infection	(p	=	0.21)	or	limb	salvage	(p	=	0.34).	

GRADE	Assessment	
The	certainty	of	evidence	was	rated	as:	

• Moderate	for	infection	and	limb	salvage	
outcomes	

• Moderate-to-low	for	time	to	union	due	to	
heterogeneity	

• Low	for	functional	outcomes	due	to	
variability	in	reporting	

	
Table	3.	Secondary	Outcomes	and	Complications	
Outco
me	

Compa
rison	

Poo
led	
Effe
ct	

95
%	
CI	

p-
val
ue	

Interpre
tation	

Flap	
Failure	
Rate	

Free	vs	
Local	
Flap	

RR	
=	
0.66	

0.4
5–
0.9
6	

0.0
4	

Lower	
failure	
with	free	
flap	

Reoper
ation	
Rate	

Early	vs	
Delaye
d	
Covera
ge	

RR	
=	
0.76	

0.6
5–
0.8
9	

0.0
01	

Reduced	
reoperat
ion	with	
early	
coverage	

Functio
nal	
Score	
(LEFS/
DASH)	

Orthopl
astic	vs	
Staged	

SM
D	=	
0.52	

0.3
1–
0.7
3	

<0.
001	

Improve
d	
function	

Infectio
n	Risk	

NPWT	
>7	days	
vs	≤7	
days	

RR	
=	
1.29	

1.0
2–
1.6
3	

0.0
3	

Increase
d	
infection	
with	
prolonge
d	NPWT	

Overall	
Limb	
Salvage	

All	
interve
ntions	
combin
ed	

88.6
%	

—	 —	 High	
salvage	
success	

	
DISCUSSION	
The	current	meta-analysis	has	assessed	the	relative	
effectiveness	 of	 the	 bone	 debridement	 techniques,	
soft	 tissue	 covers	 methods,	 and	 reconstructive	
methods	 in	 the	 treatment	 of	 complex	 limb	 trauma.	
The	 results	 indicate	 that	 aggressive	 debridement	
early	 in	 life,	 and	 the	 use	 of	 vascularized	 soft	 tissue	
coverage,	 especially	 free	 flap	 reconstruction,	 and	
modern	 bone	 reconstructive	 methods	 have	 a	
significant	 beneficial	 impact	 on	 infection	 reduction,	
limb	 salvage,	 and	 functional	 recovery.	 The	 findings	
support	 the	 significance	 of	 early	 multidisciplinary	
orthoplastic	 management	 in	 severe	 trauma	 of	 the	
extremities.	
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Principal Findings 
The	 biggest	 commonality	 in	 the	 studies	 that	 were	
incorporated	was	that	there	was	a	massive	decrease	
in	 the	 rate	 of	 deep	 infections	with	 the	 use	 of	 early	
surgical	 debridement.	 Relative	 reduction	 in	 deep	
infection	in	patients	undergoing	debridement	within	
12	 hours	 of	 injury	 showed	 a	 rate	 of	 32	 percent	 as	
compared	 to	 delayed	 intervention.	 Even	 though	 a	
historical	 rule	 of	 six	 hours	 has	 been	 disputed,	 our	
results	do	provide	some	evidence	of	the	importance	
of	 early	 debridement	 of	 devitalized	 tissue	 in	
preventing	 the	 growth	 of	 bacteria	 and	 the	
development	of	biofilm.	Notably,	the	risk	of	infection	
does	 not	 seem	 to	 be	 more	 greatly	 linked	 with	 a	
sufficient	debridement	and	timely	administration	of	
antibiotics	 than	with	 being	 strict	 towards	 arbitrary	
time	limits.	
	
Another	outcome	determinant	that	became	decisive	
appeared	in	the	form	of	soft	tissue	management.	Free	
flap	 reconstruction	 had	 a	 significant	 reduction	 on	
infection	 and	 the	 limbs	 were	 saved	 more	 than	 the	
local	flaps	or	the	pedicled	flaps.	Vascularized	tissue	is	
a	 superior	 perfusion	 and	 oxygenation	 of	
contaminated	 wound	 beds,	 and	 immune	 delivery,	
which	 induces	 a	 wound	 healing	 environment.	 In	
addition	 to	 that,	 there	 was	 an	 early	 definitive	
coverage	 that	 was	 related	 to	 reduced	 rates	 of	
reoperation	 and	 better	 union.	 Higher	 complication	
rates	 were	 associated	 with	 delays	 in	 coverage	
especially	when	prolonged	negative	pressure	wound	
therapy	(NPWT)	was	applied	as	an	interim	measure	
after	 one	 week.	 Such	 results	 are	 in	 line	 with	 the	
accumulating	 evidence	 to	 support	 early	 definitive	
coverage	instead	of	prolonged	temporization.	
	
Bone	 reconstruction	 plans	 were	 also	 considerably	
different.	Union	and	nonunion	rates	were	found	to	be	
lower	with	vascularized	bone	grafting	as	compared	to	
non-vascularized	 grafting.	 Vascularised	 Grafts	
contain	 inherent	 blood	 supply,	 which	 enhances	
osteogenesis	and	resistance	to	infection	particularly	
in	 large	 defects	 of	 the	 segments	 or	 in	 regions	
previously	infected.	Although	there	was	similar	union	
time	 in	 the	 Maskelet	 procedure	 and	 the	 bone	
transport	procedure,	the	likelihood	of	complications	
was	 more	 pronounced	 with	 the	 bone	 transporting	
procedure	 where	 pin	 tract	 infection	 and	 patient	
discomfort	 due	 to	 prolonged	 external	 fixation	 was	
experienced.	
	
All	these	findings	tend	to	indicate	that	debridement,	
stabilization,	 and	 vascularized	 reconstruction	 can	
work	 together	 to	 determine	 the	 success	 of	 limb	
salvage.	
	
Comparison	with	Existing	Literature	
We	 have	 found	 what	 other	 historic	 literature	 has	
recommended	 in	 terms	 of	 early	 orthoplastic	

cooperation.	 The	 fix	 and	 flap	 technique	 of	 the	
previous	 cohort	 studies	 showed	 that	 the	 rate	 of	
infection	went	down	when	the	skeletal	stabilization	
and	 the	 soft	 tissue	 coverage	 were	 carried	 out	 in	 a	
synchronized	 fashion.	 Equally,	 the	 national	
guidelines	on	trauma	have	focused	on	early	combined	
treatment	of	Gustilo	type	IIIB	and	IIIC	fractures.	
	
The	current	meta-analysis	follows	up	on	the	previous	
studies	in	that	it	compares	reconstructive	techniques	
quantitatively	 on	 various	 fields.	 This	 study	 unlike	
previous	studies	which	concentrated	on	timing	only	
combines	 debridement	 techniques,	 coverage	
techniques	 and	bone	 reconstruction	within	 a	 single	
comparative	model.	The	limb	salvage	rate	of	88.6	has	
been	 recorded	 as	 compared	 to	 the	 current	 tertiary	
trauma	centers,	which	indicates	the	improvement	in	
microsurgery	and	perioperative	care.	
	
The	 microsurgical	 outcome	 studies	 have	 also	
indicated	 that	 compared	 to	 local	 flaps,	 free	 flap	
reconstruction	 was	 the	 best	 way	 to	 use	 in	 large	
defects	with	 success	 rates	 over	 90%.	 Nevertheless,	
institutional	 expertise	 is	 very	 important	 in	
determining	 the	 results.	 These	 findings	may	not	 be	
replicated	 in	 centers	of	 limited	 capacity	 to	perform	
microsurgical	 procedures,	 and	 thus	 the	 value	 of	
referral	systems	and	regional	trauma	networks.	
	
Clinical	Implications	
These	 findings	 have	 significant	 implications	 on	
trauma	 systems	 and	 surgery.	 To	 start	 with,	 early	
aggressive	 debridement	 has	 been	 a	 mainstay	 of	
infection	prevention.	 Surgeons	ought	 to	be	keen	on	
complete	resection	of	nonviable	tissue	that	maintains	
viable	bone	and	neurovascular	functions.	
	
Second,	extensive	defects	should	receive	the	standard	
of	 care	 of	 early	 vascularized	 soft	 tissue	 coverage,	
ideally	in	the	first	72	hours.	Free	flap	reconstruction	
seems	to	be	better	than	the	small	or	simple	wounds,	
especially	in	Gustilo	IIIB	and	IIIC	injuries.	
	
Third,	there	should	be	individualized	reconstruction	
strategies	 depending	 on	 the	 size	 of	 defects,	
contamination,	 comorbidities	 of	 patients,	 and	
expertise	available.	Segmental	bone	loss	more	than	5	
cm	or	damaged	biological	space	may	be	of	particular	
benefit	to	vascularized	bone	grafting.	
	
Lastly,	 institutionalization	of	the	orthoplastic	model	
must	 be	where	 feasible.	 Multidisciplinary	 care	 also	
has	the	benefit	of	improving	clinical	outcomes,	and	in	
addition,	 it	 can	help	 shorten	hospital	 length	of	 stay	
and	disability.	
	
Functional	Outcomes	and	Limb	Salvage	Debate	
A	significant	 feature	of	complex	 limb	trauma	is	that	
limb	 salvage	 has	 beneficial	 functional	 outcomes	
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compared	to	amputation	in	the	long	term.	In	contrast	
to	 the	 current	 analysis,	 which	 shows	 superior	
functional	 scores	 in	 case	 of	 early	 orthoplastic	
intervention,	 the	 literature	 in	 general	 suggests	 that	
the	quality	of	 life	results	may	be	equal	between	the	
salvage	and	amputation	in	some	locations.	
	
Therefore,	 there	 is	 cardinality	 in	 patient	 selection.	
Recovery	 of	 functions	 with	 minimal	 morbidity	 and	
probability	 of	 recovery	 should	 be	 done	 in	 salvage	
efforts	 that	 involve	 a	 realistic	 possibility	 that	
recovery	 can	 be	 done.	 Optimal	 care	 is	 currently	
focused	 on	 community	 decision-making	 which	
involves	 the	 use	 of	 patient	 values	 and	psychosocial	
influencing	factors.	
	
Heterogeneity	and	Interpretation	
There	 were	 pronounced	 heterogeneities	 on	 some	
pooled	 analyses,	 particularly	 time	 to	 union.	 These	
differences	were	 likely	 to	 have	 been	 occasioned	 by	
the	variation	in	the	severity	of	injuries,	surgical	skill	
and	rehabilitation	practice.	Furthermore,	many	of	the	
studies	 that	 were	 included	 were	 observational	 in	
their	 character,	 which	 also	 did	 not	 rule	 out	 the	
occurrence	of	selection	bias.	The	sensitivity	analyses	
were	 avoided	 with	 high-risk	 studies	 and	 no	
significant	 effects	 on	 primary	 outcome	 estimates	
were	 observed,	 which	 justifies	 the	 strength	 of	
findings.	
	
For	 funnel	 plot	 symmetry,	 Egger	 tests,	 and	 on	 the	
basis	of	funnel	plot	symmetry,	it	was	determined	that	
publication	 bias	 is	 insignificant.	 Smaller	 negative	
studies	are	possibly	not	published.	
	
Strengths	
This	study	has	several	strengths:	
1.	 Comprehensive	 evaluation	 of	
multidisciplinary	 interventions	 in	 a	 single	 analytic	
framework.	
2.	 Inclusion	 of	 nearly	 5,000	 patients	 across	
diverse	healthcare	settings.	
3.	 Subgroup	analyses	based	on	injury	severity	
and	timing	of	intervention.	
4.	 Assessment	 of	 both	 clinical	 and	 functional	
outcomes.	
5.	 Use	 of	 GRADE	 methodology	 to	 evaluate	
evidence	certainty.	
	
Limitations	
There	 are	 a	 number	 of	 limitations	 that	 should	 be	
considered.	 To	 begin	 with,	 causal	 inference	 is	
restricted	 by	 the	 fact	 that	 most	 of	 the	 studies	 are	
retrospective	 cohort	 studies.	 Second,	 different	
studies	had	different	definitions	of	early	debridement	
and	 coverage.	 Third,	 functional	 outcomes	 were	
reported	with	 different	 scoring	 systems,	 which	 did	
not	 offer	much	 comparability.	 Fourth,	 the	 available	
long-term	 outcomes	 were	 not	 especially	 after	 five	

years.	Lastly,	microsurgery	expertise	of	an	institution	
can	mislead	comparisons	of	methods	of	reconstruct.	
High-quality	 randomized	 studies	 comparing	
reconstructive	 approaches	 should	 be	 carried	 out	 in	
the	 future,	 but	 the	 impediments	 can	 be	 ethical	 and	
logistical.	
	
Future	Directions	
The	 use	 of	 new	 technologies,	 including	 biologic	
scaffolds,	 3D-printed	 bone	 replacements,	
regenerative	 medicine	 strategies,	 and	 enhanced	
perioperative	 infection	 prevention	 strategies	 could	
also	 serve	 to	 enhance	 outcomes.	 Also,	 timing	
measures,	infection	definitions,	and	functional	scores	
should	be	standardized	reporting,	which	would	make	
further	studies	more	comparable.	
	
The	 international	 orthoplastic	 registries	 can	 be	
developed	 to	 offer	 greater	 quality	 prospective	 data	
that	can	be	used	to	revise	treatment	algorithms.	
	
CONCLUSION:	
The	 findings	 of	 this	multidisciplinary	meta-analysis	
indicate	 that	 complex	 limb	 injuries	 need	 to	 be	
managed	 with	 early,	 well-coordinated	 combining	
aggressive	 bone	 resection,	 timely	 vascularized	 soft	
tissue	 coverage,	 and	 proper	 reconstructive	
management.	 The	 early	 debridement	 has	 a	 strong	
effect	 in	 low	 deep	 infection	 rates,	 whereas	 the	
definitive	 soft	 tissue	 coverage,	 specifically	 free	 flap	
reconstruction	of	the	wound	within	the	timeframe	of	
72	 hours,	 enhances	 limb	 salvage	 and	 reduces	 the	
reoperation	 rates.	 Moreover,	 vascularized	 bone	
grafting	 enhances	 faster	 union	 and	 decreases	
nonunion	when	it	comes	to	segmental	bone	loss.	
	
The	 results	 confirm	 the	 effectiveness	 of	 an	
orthoplastic	 treatment	 in	 the	 case	 of	 serious	
extremity	trauma	especially	in	Gustilo-Anderson	type	
IIIB	 and	 IIIC	 trauma.	 The	 longer	 the	 time	 taken	 to	
have	 definite	 coverage,	 and	 the	 longer	 the	
temporizing	 measure	 is	 taken,	 the	 higher	 the	
complications.	Hence,	multidisciplinary	 cooperation	
of	 orthopedic,	 plastic,	 and	 vascular	 surgeons	 in	 the	
initial	stages	of	the	limb	recovery	must	be	addressed	
as	 the	 standard	 of	 care	 in	 the	 complication	 limb	
recovery.	
	
Despite	 the	prevalence	of	 observational	 data	 in	 the	
existing	literature,	the	reliability	of	the	results	in	the	
research	 conducted	 by	 various	 investigators	
supports	 the	 clinical	 importance	 of	 early	 combined	
intervention.	 Prospective,	 multicenter,	 and	
standardized	 outcome	 reporting	 studies	 are	 also	
recommended	 in	 the	 future	 to	 narrow	 down	 the	
treatment	 algorithms	 and	 thereby	 maximize	
functional	recovery.	
	
To	 conclude,	 aggressive	 initial	 debridement	 and	
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vascularized	reconstruction	is	the	most	appropriate	
compromise	of	 infection	 control,	 limb	preservation,	
and	functional	outcome	in	patients	who	have	suffered	
complex	limb	injuries.	
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