
Complimentary and personal copy for 

www.thieme.deWith compliments of Georg Thieme Verlag

Publishing House and Copyright:
© 2019 by
Georg Thieme Verlag KG
Rüdigerstraße 14
70469 Stuttgart
ISSN

Any further use  
only by permission  
of the Publishing House

Francesca Toia, Giovanni Zabbia, Roberto Scirpo,  
Roberto Pirrello, Lorenzo Nalbone, Adriana Cordova

0722-1819

This electronic reprint is provided for non-commercial and 
personal use only: this reprint may be forwarded to individual 
colleagues or may be used on the author’s homepage. This 
reprint is not provided for distribution in repositories, 
including social and scientific networks and platforms.

Microsurgery and external 
fixation in orthoplastic  
reconstruction of tibial  
injuries

DOI 10.1055/a-1017-3013
Handchir Mikrochir Plast Chir 2019; 51: 484–491



Toia F et al. Microsurgery and external  ... Handchir Mikrochir Plast Chir 2019; 51: 484–491484

Originalarbeit

Microsurgery and external fixation in orthoplastic reconstruction 
of tibial injuries

Mikrochirurgie und externe Fixation bei der orthoplastischen 
 Rekonstruktion von Tibiaverletzungen

Authors
Francesca Toia1, Giovanni Zabbia1, Roberto Scirpo1, Roberto Pirrello1, Lorenzo Nalbone2, Adriana Cordova1

Institutes
1 Section of Plastic and Reconstructive Surgery. 

 Department of Surgical, Oncological and Oral Sciences. 
University of Palermo

2 Section of Orthopaedic Surgery. Department of  
Surgical, Oncological and Oral Sciences. University of 
Palermo

Schlüsselwörter
Mikrochirurgie, Interdisziplinäre plastische Chirurgie, 
 Unterschenkelrekonstruktion, Interdisziplinäre  
plastische Chirurgie, orthoplastische Rekonstruktion, 
 Fixateur externe

Key words
Microsurgery, orthoplastic reconstruction, lower limb 
reconstruction,externalfixation

accepted 13.08.2019
submitted 01.02.2019

Bibliography
DOI https://doi.org/10.1055/a-1017-3013  
Handchir Mikrochir Plast Chir 2019; 51: 484–491  
© Georg Thieme Verlag KG Stuttgart · New York
ISSN 0722-1819

Correspondence Address
MD, PhD Francesca Toia
University of Palermo Section of Plastic and Reconstructive 
Surgery. Department of Surgical, Oncological and Oral 
Sciences
via del Vespro 129
90127 palermo
Tel.: 0916553409
Fax: 0916553409
E-Mail: francescatoia@gmail.com

ZUSAMMENFASSUNG

Hintergrund Die „Orthoplastie“ ist ein relativ neuer An-
satz zur Rekonstruktion der unteren Extremitäten, der eine 
Integration von plastisch-chirurgischer und orthopädischer 
Fachkompetenz sowie die Verfügbarkeit gut ausgestatteter 

 Einrichtungen erfordert. Die akute Verkürzung mit längerfristig 
angelegtem Rahmen zur Verlängerung gelten generell als Al-
ternativen zum Längenerhalt mit mikrochirurgischer Weich-
teilrekonstruktion, doch gewinnt die integrierte Behandlung 
mit Fixateur externe und rekonstruktiver Mikrochirurgie zu-
nehmend an Bedeutung und die gemeinsamen Ansätze werden 
weiter verfeinert. 
Material und Methoden Es erfolgte eine retrospektive Ana-
lyse der Daten von sechzehn Patienten, die sich nach akuter 
oder chronischer Tibiaverletzung einem orthoplastischen 
Verfahren mit mikrochirurgischer Rekonstruktion der un-
teren Extremität und Fixateur externe unterzogen. Bei allen 
Patienten fand sich ein posttraumatischer Weichteildefekt in 
Verbindung mit einer Tibiafraktur vom Grad III nach Gustilo 
oder einer septischen Pseudarthrose der Tibia. Die Daten zu 
Art und Zeitpunkt der Knochen- und Weichteilrekonstruktion, 
Ergebnissen, Komplikationen und Notwendigkeit einer Reope-
ration wurden extrapoliert und mit denen einer historischen 
Patientengruppe verglichen, die orthopädisch behandelt 
worden war.
Ergebnisse In der orthoplastischen Gruppe wurden die 
Weichteile in den meisten Fällen mit einem anterolateralen 
Oberschenkellappen (ALT-Flap) rekonstruiert. Bei Patienten 
mitgroßflächigemDefektwareinemuskelschonendeVastus-
lateralis-Lappenplastik (VL) oder eine chimäre ALT-VL-Lappen-
plastik erforderlich. In der orthopädischen Gruppe wurden die 
Weichteile einer Sekundärheilung überlassen oder die Patien-
ten wurden später an einen plastischen Chirurgen überwiesen. 
Ein statistischer Vergleich zwischen den beiden Gruppen ergab 
signifikanteUnterschiedehinsichtlichfolgenderDaten:Zeitbis
zur Heilung der Weichteile, Zeit bis zur knöchernen Durchbau-
ung, Anzahl der Reinterventionen, Rate tiefer postoperativer 
 Infektionen und Zeit bis zur Wiederaufnahme der Berufstätig-
keit.
Schlussfolgerung Der orthoplastische Ansatz bei komplexen 
Beindefekten bietet im Vergleich zu orthopädischen Verfahren 
kürzere Behandlungszeiten und liefert bessere funktionelle Er-
gebnisse. Die Behandlung mit Fixateur externe und die mikro-
chirurgische Rekonstruktion müssen sich nicht gegenseitig 
ausschließen, sondern können in einem orthoplastischen Be-
handlungspfad miteinander kombiniert werden, um eine best-
mögliche Rekonstruktion sowohl der Weichteile als auch des 
Knochens zu erzielen.
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Introduction
Lower limb injuries represent, today, one of the most intricate chal-
lenge in trauma care, as they often involve severe osteocutaneous 
lesions, with extensive bone and soft tissues loss, with the risk of 
permanent and severe disabilities in most patients. For example, 
GustiloIIIBhigh-energyfractures,usuallyassociatedwithaninsuffi-
cientsofttissuecoverage.Inadditiontoorthopedicfixation,these
injuries also require soft tissue reconstruction, often in the form of 
amicrovascularfreeflap[1,2].

In the past decades, several studies have addressed the criti-
cal question whether amputation or limb salvage may guarantee 
a better outcome. Historically, primary treatment with amputa-
tion was strongly suggested, to avoid early complication such as 
infectionsandtissuenecrosispropagation,withasignificantlow-
ering of life quality for patients. On the other hand, when salvage 
is the primary option, late bone infections, delayed bone union or 
non-union,venousinsufficiency,representadditionalpost-opera-
tivecriticismsthatseverelyaffecttherestorationoflimbstructure
andfunction[3,4].

Inrecentyears,effortsfromdifferentspecialties,suchasortho-
pedic, plastic and vascular surgery, strongly contributed, in the last 
decades,toimportantinnovationsthataresignificantlychanging
the approach to complex limb trauma. This multidisciplinary ap-
proach,describedforthefirsttimebyGodinaetal.in1986,has
allowed to achieve higher successful results in lower limb salvage 
[5].Althoughthiscollaborationis,today,wellrecognizedtobefun-
damental to better manage open limb fractures, it still remains in 
many hospitals an ‘individual’ work, with a primary orthopedic in-
tervention and a secondary and delayed soft tissue reconstruction. 
However, it is now worldwide accepted that a better bone stabili-
zation and healing is achieved when an early soft-tissue coverage 
isprovided,offeringapropervascularizationtoresistinfectionand
reducethecomplicationrate.Inlightofthis,differentstudieshave
already shown the importance of a joint and multidisciplinary surgi-
calteam,wheredifferentexpertise,mainlyorthopedicandplastic

surgery,areintegratedinthewholetreatmentprocess[1,6–11].
“Orthoplastic” reconstruction is, today, gaining increasing popu-
larity, as recommended in the BAPRAS recommendation on open 
fracturesofthelowerlimb[12].

The concept of interdisciplinary surgical care for complex lower 
extremities defects, with bone and soft tissue involvement, has 
exponentially evolved in the last decades, pointing out the impor-
tance of both functional and aesthetic outcomes as the primary 
goalofmicrosurgicalreconstruction[13–15].

Severalpapershaveshownthebenefitofacombinedapproach
in terms of functional outcomes, and more and more dedicated cen-
tersaredevelopingallovertheworld[7,8,16].Theimportanceof
a dedicated team, with orthopedic and plastic surgical skills (hold 
bythesamesurgeonorbyseveralsurgeons)andspecificlogistic
requirements (as an operative room with a C-arm, an operative mi-
croscope and a comprehensive emergency service) has been widely 
recognized, but practical issues of plastic and orthopedic surgeons 
working together need to be addressed in order to further stimu-
latethegrowthofthissurgicalfield.Unfortunately,thiscollabora-
tion is not always easy, as well-coordinated facilities are often un-
available. Also, an integration of the plastic and orthopedic team is 
not often easy, even when the two teams are available at the same 
center. Finally, only few papers have already addressed practical is-
sues commonly encountered during the development of an ortho-
plasticserviceandstandardprotocolsaredifficulttodevelopdueto
heterogeneity in clinical settings. Nevertheless, sharing experienc-
es, especially on cases where complex procedures as microsurgical 
reconstructionandexternalfixationarerequired,canbeofclini-
cal help for the development of new potential orthoplastic centers.

Acute shortening and long-term frames for lengthening are gen-
erally considered alternatives to length preservation and soft tissue 
microsurgicalreconstruction[17],butwiththerefinementsinor-
thoplasticapproaches,integrationofexternalfixationandrecon-
structive microsurgery is gaining an increasing role in lower limb 
reconstruction[14].

ABSTR ACT

Background “Orthoplastics” is a relatively new approach to 
lower limb reconstruction, where an integration of both plas-
tic and orthopedic expertise is required, together with the 
availability of well-equipped facilities. Acute shortening and 
long-term frames for lengthening are generally considered 
alternatives to length preservation and soft tissue microsur-
gicalreconstruction,butanintegrationofexternalfixation
and reconstructive microsurgery is gaining an increasing role 
withrefinementsofjointapproaches.
Material and methods Data on sixteen patients who under-
went microsurgical lower limb reconstruction and external 
fixationwithanorthoplasticapproach,followingacuteor
chronic tibial injury, were retrospectively reviewed. All pa-
tients presented a post traumatic soft tissue defect associated 
with a Gustilo III tibial fracture or a tibial septic pseudarthrosis. 
Data on type and timing of bone and soft tissue reconstruc-
tion, outcomes, complications and need for re-operation

 were extrapolated and compared to an historic group of pa-
tients treated with an orthopedic-based approach.
Results In the orthoplastic group, soft tissues were recon-
structedwithanALTflapinmostcases;amuscle-sparingVL
orALT-VLchimericflapwasnecessaryincaseswithaveryex-
tensive defect. In the orthopedic group, soft tissues were left 
to heal by second intention or patients were lately referred 
to plastic surgeons. Statistical comparison between the two 
groupshasshowedsignificantdifferencesonthefollowing
data: time for soft tissue healing, time to bone union, num-
ber of reinterventions, post-operative deep infection rate, 
time to return to work.
Conclusion The orthoplastic approach to complex leg defects 
yields shorter treatment time and better functional results 
comparedtotheorthopedic-basedapproach.Externalfixation
and microsurgical reconstruction are not necessarily alterna-
tive procedures but can integrate in an orthoplastic path to 
address at best both soft tissue and bone reconstruction.

El
ek

tr
on

is
ch

er
 S

on
de

rd
ru

ck
 z

ur
 p

er
sö

nl
ic

he
n 

Ve
rw

en
du

ng
 



Toia F et al. Microsurgery and external  ... Handchir Mikrochir Plast Chir 2019; 51: 484–491486

Originalarbeit

In this paper, we report our experience in a recent established 
orthoplastic center, comparing data on the management of tibial 
Gustilo IIIB-IIIC fractures or tibial septic pseudarthrosis with an or-
thoplastic approach, to those of a previous orthopedic-based man-
agement at the same center.

Materials and Methods

Data on patients treated for an severe open tibial fracture (Gust-
ilo IIIB or IIIC) or a tibial septic pseudarthrosis with an orthoplas-
ticapproachandreceivingexternalfixation,inasinglecenter,be-
tween 2015 and 2017 were retrospectively reviewed (orthoplas-
tic group), and compared to data on patients previously treated at 
the same center with an orthopedic-based approach between 2013 
and 2014 (control group).

Sixteenpatientswereidentifiedintheorthoplasticgroup;12
were men and 4 were women, with a mean age of 49 years (range: 
17–84). Six patients presented a severe open tibial fracture (bone 
defect: 2–5 cm) while 10 patients presented a tibial septic pseudar-
throsis (bone defect: 2–6 cm-except for a 12 cm defect reconstruct-
edwithafreefibulatransfer).Minimumfollowupwas12months.

Nineteenpatientswereidentifiedintheorthopedicgroup;16
patients were male and 3 were female, with a mean age of 52 years 
(range: 21–79). Ten patients presented a severe open tibial frac-
ture (bone defect: 2–4 cm) while 9 patients presented a tibial sep-
tic pseudarthrosis bone defect: 2–5 cm). Minimum follow up was 
12 months.

Perioperative protocols for trauma and septic patients will be 
presented and logistic aspects will be discussed.

Data on type and time of bone and soft tissue reconstruction 
were extrapolated. For outcomes evaluation, data on time for soft 
tissue healing, time to bone union, total length of hospitalization, 
number of reinterventions, wound complications, post-operative 
deep infection rate, return to work and need for special shoes were 
extrapolated from both groups and compared.

Statistical analysis was performed using a t-test for quantita-
tive data.

Results
Perioperative protocols
In the orthoplastic group, patients with exposed fractures were 
treated in emergency by a general orthopedic and a plastic surgeon 
wheninitialdebridementandbonefixationwereperformed,while
all elective procedures were performed by a dedicated orthopedic 
andplasticsurgeryteam.Inallbutonefracture,provisionalfixa-
tionwithalinearfixatorwasachieved,changedtoacircularorhy-
bridfixationsystematthetimeofsofttissuereconstruction.Eval-
uation of trauma cases by a dedicated orthoplastic team was un-
dertaken within the following 24 hours on an elective setting and 
based on clinical and instrumental examination and operative re-
ports.Definitivereconstructionwasperformedafteramedianof
5 days (range 3–9) as elective surgery. Patients with tibial pseudar-
throsis were operated under elective conditions after a multidisci-
plinary evaluation by a dedicated orthopedic, plastic surgeon and 
infectiologist team (weekly clinic), and were invariably treated by 
a two stage operation. A bone biopsy was sent for microbiological 

testing before surgery, to guide the choose of the cement-antibi-
otic spacer and initial post-operative antibiotic therapy, which was 
latereventuallymodifiedbasedonmicrobiologicalanalysisofthe
debridedbone.Inthefirststage,internalhardwareremoval,radical
sequestrectomy and debridement were performed, and a circular 
orhybridfixatorwaspositioned.Inallbutonecase,anantibioticce-
mentspacerwasusedtofillthegapandanALTflapwasraisedfrom
the contralateral limb for soft tissues reconstruction and adequate 
coverage. Most commonly isolated bacteria were Staphylococcus 
aureus, followed by Pseudomonas aeruginosa; Acinetobacter bau-
mani, Enterobacter cloacae, Enterobacter faecalis and Proteus mi-
rabilis were less frequently isolated. All patients received intrave-
nous targeted antibiotics for 4 to 6 weeks, followed by a four-week 
oral antibiotic therapy. After a median of 3 months (range: 3–4), 
theflapwasraised,andthespacerreplacedwithacancellousbone
graft harvested from the iliac crest in all but one case. In one case, 
nofreeflapwastransferredinthefirststage,wherethewoundwas
leftopenfollowingextensivebonedebridementandexternalfix-
ation;afibulafreeflapfromthecontralaterallegwastransferred
3 months afterwards. Of note, all cases resulted from previous ex-
posed tibial fracture treated with an orthopedic-based approach, 
in which a soft tissue defect was allowed to heal by secondary in-
tention. Perioperative orthoplastic protocols for trauma and sep-
tic patients are summarized in ▶Fig. 1 and ▶Fig. 2.

For microsurgical reconstruction, skin incisions were planned, 
andsofttissuedebridementperformed;thenflapraisingwasper-
formedsimultaneouslytoeventualdefinitivebonefixation(forthe
trauma subgroup) or simultaneously to bone debridement, osteo-
myelitis focus and eventual hardware removal (for the septic sub-
group). To optimize human resources and timing, once the need 
for soft tissue microsurgical reconstruction is recognized, it is an 
optiontoisolaterecipientvesselsbeforebonefixation;theflapcan
be elevated during orthopedic surgery, from the incisional skin in-
cision.Flapincisions(thusdefinitivesizeoftheflap)andheight
forvesselsanastomosisarebetterdecidedoncebonefixationis
completed.

Aftermeasuringthelengthofthefixatorconnectingbarsand
positioning the limb for microvascular anastomosis, the operative 
microscope was positioned for anastomosis and the bars were par-
tially or totally removed to facilitate access to the recipient ves-
sels.Theflapwasthentransferred,anastomosisperformed,and
bars repositioned before dressing. After surgery, all patients were 
hospitalized at the plastic surgery guard, where the whole nurs-
ingandmedicalteamisversedinflapmonitoring.Afteramedian
of 9 days, they were discharged and followed at the orthoplastic 
outpatient clinic (weekly follow-up until wound healing and then 
monthly follow up or transferred to the infectious disease unit, if in 
need of parenteral antibiotic treatment. The plastic surgeon who 
performedthesurgery(oronewhoassistedtheflaptransfer)was
availableforeventualre-explorationduringthefirst5postopera-
tive days. Flap raising for second stage or secondary surgery was 
always performed by a dedicated plastic surgeon, to avoid compli-
cationsduetoinadequateincisionsorflaphandling.

In the orthopedic group, both acute and chronic patients were 
initially treated by the orthopedic team only; soft tissue defects 
were treated with dressings, VAC therapy or coverage with dermal 
substitutes and eventually lately referred to the plastic surgery team.
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Type and timing of bone and soft tissue 
 reconstruction
All cases in the orthoplastic group were initially treated with mi-
crosurgicalreconstructionandexternalfixation.Softtissueswere
reconstructedwithanALTflapinmostcases;amuscle-sparingVL
orALT-VLchimericflapwasnecessaryin2caseswithaveryexten-
sivedefect,notallowingforprimaryclosureofaneventualALTflap
only.TheALTflapwasraisedsuprafasciallyinmostcases,andsu-
prascarpal in the last 6 cases of our series (2 tibial fractures and 4 
tibialpseudarthrosis).Mostsuprafascialflapswerethinnedatthe
time of bone grafting, while no thinning was required for the su-
prafascialflaps.Theposteriortibialiswerethepreferredrecipient
vessels. Termino-lateral anastomosis was preferred for the artery 
in the absence of vascular damage, while a termino-terminal anas-

tomosis was performed on interrupted posterior tibial artery; ter-
mino-terminal anastomosis was preferred for vein(s). In 3 acute 
cases, conversion to plate (1 case) or intramedullary nail (2 case) 
were performed, while 3 cases were treated by long-term frames. 
Secondary bone grafting (cancellous bone graft from the iliac crest) 
was required in 1 case in the trauma subgroup and 1 case in the 
septic subgroup.

In the orthopedic group, soft tissue defects were treated with 
VAC-Therapy (10 cases), dressings (7 cases) and dermal substitute 
(2 case). Of these, 5 were secondarily referred to plastic surgeons 
due to no healing (referral delay: 1–13 months, mean 8 months) 
andreceivedreconstructionwithafreeflap.

	

INITIAL	EVALUATION

Joint	evaluation	(weekly	orthoplastic	clinic)

PLANNED	SURGERY	

I	stage:
1.	Skin	incision	planning	and	soft	tissue	debridement	
2.	Flap	raising	simultaneously	to	bone	debridement,	osteomyelitis		focus	and	eventual		
hardware	removal
3.	Recipient	vessels		isolation
4.	External	fixation
5.	Flap	transfer	and	anastomosis
6.	Stabilization	of	the	external	fixator

-Flaps	harvested		from	contralateral	thigh
-Ultrathin	ALT	flap	or	perforator	ALT	flap	debulked	at	second	stage	surgery
-Posterior		tibial		vessels		as	preferred	recipient	vessels	(artery	T-T,	vein	T-L)

II	stage	(joint	team):	
1.	Flap		raising
2.	Spacer	removal	+	bone		graft
3.	Soft	tissue	suture

POST-OPERATIVE	MEASURES

-Flap	monitoring	for	5	days	(hospitalization	in	microsurgical	guard)
-Microsurgeon:		- Available	for	re-exploration	(first	5	post-op	days)

- Basic	knowledge	on	external	fixation

▶Fig. 1 Perioperative orthoplastic protocol for tibial fractures.El
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Outcomes
Statistical comparison between the two groups has showed signif-
icantdifferencesonthefollowingdata:timeforsofttissueheal-
ing, time to bone union, number of reinterventions, post-opera-
tive deep infection rate, time to return to work.

Bothtimetosofttissueandbonehealingweresignificantly
shorter in the orthoplastic group (mean 4 vs 30 weeks for soft tis-
sue healing, mean 10 vs 18 months for bone healing). Results are 
summarized in ▶Table 1.

Intheorthoplasticgroup,allsofttissuesfreeflapssurvived;
only in one case a minor reoperation was required due to a partial 

wound dehiscence. There were 2 marginal necrosis and 1 further 
wound dehiscence solved with conservative treatment. There was 
nosignificantdonorsitemorbidity,bothintermsoffunctionalde-
fects and aesthetic aspect (no graft was needed). In the orthopedic 
group, 15 wounds healed by second intention; all 4 secondary free 
flapshealeduneventfully.Deepinfectionratefollowinglegfrac-
turewassignificantlyreducedintheorthoplasticgroupcompared
to the orthopedic group (17 % and 50 % respectively).

In the orthoplastic group, 3 patients needed major reoperation 
(excluding two-stage planned surgery): 2 patients required a bone 
graftand1patientafixationrevisionduetofracturemisalignment;
in the orthopedic group 4 patients needed a secondary bone de-

	

	

	

	

	

	 	

	

EMERGENCY	STRATEGY

1.	Emergency	exploration	(general	plastic	and	orthopedic	surgeon	± vascular	surgeon)	(at	arrival):
- Damage	balance
- Initial		debridement
- Temporary	bone	fixation

2.	“Orthoplastic”	evaluation	and	further	planning	(within	24	hours)

PLANNED	SURGERY

1.	Skin	incision	planning	and	soft	tissue	debridement	
2.	Recipient	vessels	isolation
3.	Flap	raising	simultaneously	to	eventual		definitive	bone	fixation
4.	Flap	transfer	and	anastomosis
5.	Stabilization	of	the	external	fixator

- Flaps	harvested	from	contralateral	thigh
- Ultrathin	ALT	flap	for	moderate	size	defect/muscle-sparing	VL	or	chimeric	ALT-VL	flap	for	
extensive	defect
- Posterior	tibial	vessels	as	preferred	recipient	vessels	(artery	T-T,	vein	T-L)

POST-OPERATIVE	MEASURES

-Flap	monitoring	for	5	days	(hospitalization	in	a	microsurgical	guard)
-Microsurgeon	:		- Available	for	re-exploration	(first	5	post-op	days)

- Basic	knowledge	on	external	fixation

▶Fig. 2 Perioperativeorthoplasticprotocolfortibialsepticpseudoarthrosis.*Adifferentapproachwasusedforreconstructionwithafreefibula
graft, see text.
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bridement,5patientsrequiredasecondaryfreeflapreconstruc-
tion (1 for fracture coverage and 4 patients who developed septic 
pseudarthrosis), mean number of reoperations between the two 
studygroupbeingsignificantlydifferent.

Meantimeforreturntoworkorpreviousactivitieswassignifi-
cantly shorter in the orthoplastic group (mean: 13 vs 20 months).

Conversely,differencesontotallengthofhospitalization(41
vs 55 days) and need for special shoes (25 % vs 32 %) were not sig-
nificant.

Our study confirms that the orthoplastic approach to com-
plex leg defects yields better outcomes compared to the ortho-
pedic-based approach. Also, it anticipates the need for plastic sur-
gery (16 % late referral in our orthopedic-based group), avoiding 
an unnecessary delay and lengthening of treatment.

Asshownbyotherpapers,weconfirmthatexternalfixationand
microsurgical reconstruction are not necessarily alternative to one 
another and can integrate in an orthoplastic path to address at best 
both soft tissue and bone reconstruction.

Whileexternalfixationisgenerallyindicatedinchronicseptic
cases,internalfixationisoftenpreferredinacutecases,duetoits
advantages on bone defect healing, stability and patient comfort. 
Also,itfacilitatesflapinsetting,althoughthisbenefitwasmoresig-
nificantbeforethespreadoforthoplastictechniques,whenortho-
pedic and plastic surgery procedures were often sequential rath-
er than simultaneous. However, there is not a conclusive evidence 
intheliteratureontheuseofinternalvsexternalfixation[18,19].
Earlyconversiontointernalfixationisgenerallyrecommended,
butlongtermframesfindindicationsincaseofdelayinsofttis-
sue reconstruction, gross contamination, or complex fracture pat-
terns[12].

Themaindifferencesbetweenthetwogroupsinthisserieswas
inthetimetosofttissuehealingandtobonehealing.Thesediffer-
encesmainlyrelyondifferencesontimetosofttissuereconstruc-
tion, as in the orthopedic groups, soft tissue defects were left to 
heal by second intention or lately referred for microsurgical recon-
struction,whereasintheorthoplasticgrouptheneedforflapre-
construction was always addressed and in acute cases reconstruc-
tionwasundertakenwithinthefirst7days.

Specifictimingintheoverallmanagementoflimbreconstruc-
tionisdefinitelyimportant.Theconceptofemergencyfreeflapsis
not recent, but the time elapsed from the debridement to the cov-
erageisstillasubjectofdiscussions.Initially,Listeretaldefinedas

“emergency”thosefreeflapsusedwithin24hoursafterdebride-
ment[20].Hesuggestedthisintervalassafelimitfromthepointof
view of microbial contamination. Considering that microbial con-
tamination could be held within acceptable limits for a longer peri-
od if the debridement is correctly performed, Godina extended this 
timeframeto72hours,describingthe“earlyfreeflap”procedure
[5].Ninkovicetalpromotedanewclassification,consideringas
primaryfreeflapsthoseperformedbetween12and24hoursfrom
debridement,andasdelayedprimaryfreeflapswhenperformed
between2–7daysfromthedebridement[21,22].Georgescuetal
completedthisclassificationbyaddingthecategoryofimmediate
emergencyflaps,whichreferstotheflapsperformedimmediate-
ly after the debridement, including an “all-in-one reconstruction” 
[23].Today,a7daysperiodisgenerallyacceptedassafeforsoft
tissuereconstructionofopentibialfracture[12].

Differencesintotalhospitalstaywasnotstatisticallysignificant
betweenthetwogroups,whichmaybeinfluencedbytheneed
for hospital stay in septic cases requiring intravenous antibiotic 
surgery.

We also report practical aspects of complex lower limb recon-
structionsrequiringmicrosurgeryandexternalfixation.

Specificcompetencesandstructuralrequirementsareneces-
sary -not only for surgery- but also for the entire perioperative and 
follow-up patient management. Thus, these patients should best 
be treated in reference centers with a dedicated orthoplastic team. 
However, despite the increasing number of papers on guidelines 
and on outcomes of “orthoplastic” reconstruction, literature on 
standard criteria for reference centers and operative protocols is 
still scant and sharing experience on practical aspects can be ben-
eficialtothedevelopmentofthisreconstructivefield.

Ideally, traumatic patients should be explored at the emergen-
cy room from a dedicated team, as a joint evaluation from the very 
beginning allows a better damage balance and correct placement 
of skin incisions, which facilitates further treatment planning. Un-
fortunately, only few centers can provide h24 availability of both 
dedicated orthopedic and plastic surgeons, and alternative solu-
tions should also be considered; as a second option, emergency 
exploration could be undertaken by general orthopedic and plas-
tic surgeons (and eventually vascular surgeons) with basic knowl-
edge on lower limb trauma, provided that the team holds micro-
surgical competences for an eventual emergency vascular repair. 
In our center, an emergency plastic microsurgery and orthopedic 

▶Table 1 Statisticalanalysisofoutcomesdata.Datamarkedwith*intheorthoplasticgrouparesignificantlydifferentcomparedwiththeortho-
pedic group.

Orthoplastic approach Orthopedic approach

Time for soft tissue healing 3–6 (mean 4 weeks)* 25–35 (mean 30) weeks

Time for bone reunion 8–15 (mean 10) months* 10–29 (mean 18) months

Re-interventions 19 %* 53 %

Post-operative deep infection rate 17 % * 50 %

Time to return to work or previous activities 11–19 (mean 13) months* 15–34 (mean 20) months

Total length of hospitalization 14–50 (42) days 52–61 (mean 55) days

Need for special shoes 25 % 32 %
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service is available h24, which takes care of the emergency treat-
ment including damage balance, debridement and temporary bone 
fixation,whileevaluationbyadedicatedorthoplasticteamisun-
dertaken within the following 24 hours. Eventual further debride-
ments are planned and microsurgical reconstruction ideally per-
formed within 1 week.

Management of elective cases is, somehow, logistically easier; 
in our center, patients are evaluated (in a weekly clinic) and operat-
ed by a dedicated orthoplastic team. Also, elective cases are easier 
to handle intraoperatively, as surgical plan and timing are mostly 
decided in advance. In our practice, most of the initial cases were 
elective, which helped building a solid cooperation among plastic 
and orthopedic surgeons and involving dedicated infectiologists 
in the team. On this basis, an improved collaboration in the emer-
gency setting was also possible.

While a plastic and an orthopedic surgeon performed together 
the initial exploration of traumatic cases, delayed and elective mi-
crosurgicalreconstructionandexternalfixationwerealwaysper-
formed by two teams working closely but simultaneously.

Recipient vessels isolation is generally performed before exter-
nalfixation,sothattheframedoesnotinterferewithsurgicaldis-
section; during the orthopedic surgery then, the eventual need 
for more proximal vessels dissection is taken into account. Besides 
that, the plastic surgeon must have the basic knowledge to han-
dletheexternalfixatorandremoveandrepositiontheconnecting
bars as needed, without compromise the orthopedic work in case 
of need for re-exploration.

Inthisclinicalseries,microsurgicalflapswerealwaysharvested
from the thigh, preferentially from the contralateral one to extend 
theworkingspaceofthetwoteams.AnALTflapwasusedinmost
cases, and a muscle-sparing VL or a chimeric ALT- VL was used for 
extensivetraumaticdefects[24].

Several studies have demonstrated the potential of the thigh 
asadonorofsofttissuesmicrosurgicalflaps,which-elevatedat
differentlayers,andengineeredindifferentconfiguration-canre-
constructawidespectrumofdefects[14,15,25–29].Theantero-
lateralthigh(ALT)flaphavebeenextensivelyusedforlowerlimb
reconstruction; it allows a two team approach, requires no patient 
positioning change and is associated with a low donor site morbid-
ity.However,Latissimusdorsi(LD)flapisthetraditionalworkhorse
flapforreconstructionofextensivedefects[30],despitehaving
beingoftenreplacedbyALTflapformoderatesizedefects.Muscle
flapsaretraditionallyfavouredduetotheirsupposedroleonbone
healing and infection control, although fasciocutaneous and per-
foratorflapshaverecentlybelievedtobeassafeasmuscleflaps
[12].Severalmuscleandperforatorflapsmustbepresentinthe
armamentariumofthereconstructivesurgeons,withtheLDflap
playing a central role for very extensive defects. However, the as-
sociated donor-site morbidity, in terms of functional limitations of 
the shoulder motion, particularly during the early postoperative pe-
riod, impairs the early assisted ambulation in lower limb patients; 
also, its harvest requires a change in patient positioning and pre-
vents two teams from working simultaneously, thus lengthening 
theoperativetime[16,31].

Inourgroup,LDflapwasfrequentlyusedinthepastforveryex-
tensive defects, but we have progressively switched to the used of 
VLorALT-VLflaps.

Our group has an extensive experience with the muscle spar-
ingVLflaps,notlimitedtolowerlimbreconstruction,whichcan
also reconstruct almost circumferential leg defects, alone on in a 
combinationwithanALTflap(chimericflap),andwefeelthatVL
andchimericALT-VLflapsarestillunderexploitedinlegreconstruc-
tion[24,32].Theyallowstoreconstructextensivedefects,witha
goodcontourprofileandalowdonorsitemorbidity.However,due
to similar functional and better aesthetic outcomes with perfo-
ratorflaps[33,34],inordertominimizemorbidityandimprove
results,ALTflapisusuallypreferredifprimaryclosureispossible
afteritsharvest,andweprefertoreservetheVLflapforextensive
defects only.

Also, recent efforts on improving the aesthetic aspects of 
post-traumatic reconstruction have introduced novel thin variants 
ofperforatorflaps,asthesuprascarpal(superthin)ALTflap,which
haveprovedsafeandbetteradapttothethinlegprofile[35–41].

Inourexperience,theuseofthesuprascarpalflapallowedtoim-
proveresultsindefinitivereconstructions,achievingabettercon-
tour without secondary debulking procedures. When a secondary 
surgery is anticipated, as in tibial pseudarthrosis in this series, har-
vestingathinnerflapseemssaferthansecondarythinningduring
the second stage planned surgery, and reduce the need for a fur-
thertertiarysurgeryforflapdebulking.Wehaverecentlyswitched
totheharvestofsuprascarpalflapinmostcases,and–although
small – our case series suggest its safety even when a second stage 
surgerywithflapraisingandbonegraftisrequired.

A joint approach with a clear operative protocol allowed to bet-
ter plan the entire clinical path from the beginning and to opti-
mize timing of surgery. This is particularly important in elderly pa-
tients, which are more prone to systemic complications following 
prolonged surgery and hospitalization.

This study presents several limitations. It is a retrospective study 
on a limited clinical series and only trauma and septic cases are in-
cluded; evaluation of functional outcomes is incomplete as data on 
LEFS were not available for all patients. However, the main aim of 
this paper was to focus on the role of microsurgical reconstruction 
incomplexlowerlimbinjuriestreatedwithexternalfixationand
to share clinical protocols for optimizing joint approach to lower 
limb reconstruction.

CONCLUSION
Orthoplastic approach to complex leg defects yields shorter 
treatment time and better functional results compared to or-
thopedic-basedapproach.Externalfixationandmicrosurgical
reconstruction are not necessarily alternative procedures but 
can integrate in an orthoplastic path to address at best both 
soft tissue and bone reconstruction.
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