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UREDNIKOVA BESEDA

Spogtovani !

Ko smo zal eldi pripravljati j ubislme®j nse , k apneltkdo
optimizma razmigljali, kako svelano jih bomo
so jih nagi tedanj i ul i telji zal el i. Pripray
dasenapetek,200novembra ne bomo s k ljepimijpredavatglitiz vi | ni 1
tujine veselil:| pol stoletne tradicije kirurg

S partnerskim sodelovanjem obeh kateder medicinskih fakultet v Ljubljani in

Mari boru i n s sodel ovanjem vseh Kirurgkih
Sovenskega zdr avndmgbriprgvdi vdid egtogaj em | etu naj
strokovni sestanek. lzvesti smo ga g e | 20. in 21. novembra 2020 v veliki

predavalnici UKC Ljubljana, g al nam je virus prekrigal n
prestaviinasplet. Z vr sto vabljenih tujih predavatel] e
predstavni ki vseh regijskih bolnignic, kje

obravnavali ortoplastiko in novosti v Kkirurgiji. Pred konferenco bomo izdali
recenziran zbornik avtorjevi vabl j eni h predavateljev s pregl

Kirurgki dnevi predstavljajo forum za I Z me
strokovni h vpragan,j me d razl il ni mi Kirurgl
travmat ol ogki mi kirurgi, , dpecialista meadicine dedar u gi ns |
intenzivisti, e, med Vv semi medi ci nski mi st
bolne in pogkodovane bol ni ke.

S partnerskim sodelovanjem obeh medicinskih

naj bol j mnogilen &twur ki ndmggadek ev mlol no ze¢
koronavirusa. Kolegom iz Organizacijskega odbora se zahvaljujem za skupno in
uspegno del o, udel egencem ¢gelim obilo strok
zdravi!

R. prof. dr. Radko Komadina, dr.med.,vi g ®t nb k
specialist splogne kirurgije in travmatol ogiije
Katedra za kirurgijo MF UL

15



ZGODOVINA KATEDRE ZA KIRURGIJO
MEDICINSKE FAKULTETE UNIVERZE V
LJUBLJANI

Kako je nastajala najpomembnejga wulna Kkirur

gal pi podhitkov, je bila pa zaznavna tegnj
Sl oveniji, da bi ustanovi l i po vzoru blign
pragke popolno medicinsko fakulteto z kirur ¢
izowvad i v | jubljanski bol nignici in Kl ini./
na dunaj s ki medi cinski fakulteti. Kratek | as
Medi ko kirurgki ulni zavod, kgalj e egeletalmeZa vso
1848 wukinjen. Po konl| ani prvi svetovni vojni
na Slovenskem samostojno univerzo, katere del je bila tudi, sicer nepopolna,

medi cinska fakulteta, na kater. S0 poul eva
predmete p a S0 gtudentj e mor al i posl ugat. na
fakultetah. Kirurgka katedra je prilela ope
fakulteta postala popol na, Z Vsemi kKl ini|
gtudente, eddaj soprdavitl i predklinilne predmet
ustanovitev Kirurgke katedre je bila tudi L
naslednjega leta pa je prof. dr. Bogi dar Lavril post al prvi
predstojnik &irkmalke xatejdirm so prigld.i na Keé
Martin Benedik, pr of . dr . Mi rko Derganc, prof . dr. Mi

Katedro za kirurgijo tudi anestezistka dr. Darinka Soban. Po bolezni in smrti prof. dr.
Lavril a | eostlv.1d9@etistojnika Katedre za kirurgijo prof. dr. Vladimir

Guzel|j. Z namenom, da bi |l im uspegdgnej e ul
kKiruragi opravl jal:i nemoteno najvelje operaci
11 strokovnih razredov. S tem je bila dosegena enakovr e
enakomer na obremenjenost uliteljev in asi s

anesteziologijo izstopil iz Katedre za kirurgijo in osnoval samostojno Katedro za
anesteziologijo.

Pomembnej ge v emeembenld kheje Kajedra naredila, so bile uvedba

pi snega in praktilnega izpita, el ektronskec
uvedba kol okvijev po vsakem skl opu predave:
udel egbo na razni hUvedeni ok obvinli h sr éla&wj i h.men
Ssimpoziji g, kjer so ob sodelovanju drugih Kk
celostno obdelali posamezno bolezni. Uveden je nov predmet Pogoji za operacijsko

del u, K i je pripravil gt uatterm brez newarnosti gat o p Vv
operirance. Katedra za kirurgio je ves | as
dejavnost, izdala jJje ulbenike Kirurgije, Pr
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tehnik, od osnovne ambulantne do visoko specializiranih, ter Osnove Kkirurgije v

izrednih razmerah.

SEZNAM DOSEDANJI

Kl

RURGKEGA ZBORNI KA

Leto

Urednik

H UREDNI

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

Rakovec, Slavko
Rakovec, Slavko
Rakovec, Slavko
Rakovec, Slavko
Rakovec, Slavko

Rakovec, Sl&ko
Kornhauser, Pavle

' NOAG S wl

e 1Stax

Rakovec, Slavko

Rakovec, Slavko
Kornhauser, Pavle
Kornhauser, Pavle
Kornhauser, Pavle
Kornhauser, Pavle
Kornhauser, Pavle
Kornhauser, Pavle
KornhauserPavle
Kornhauser, Pavle
Kornhauser, Pavle
Kornhauser, Pavle
Kornhauser, Pavle
Kornhauser, Pavle

Kornhauser, Pavle

KOV

N

LLANOV UREDNI
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1986 Kornhauser, Pavle
1987 Kornhauser, Pavle
1988 Kornhauser, Pavle
Orel, Janez
wSLIOST { il
¢ 2[0dz 1 |
1989 Kornhauser, Pavle
1991 Kornhauser, Pavle
1992 Smrkolj, Vladimir
1993 Smrkolj, Vladimir
1994 Smrkolj, Vladimir
1995 Smrkolj, Vladimir
1996 Smrkolj, Vladimir
1997 Smrkolj, Vladimir
1998 Smrkolj, Vladimir
1999 Smrkolj, Vladimir
2000 Smikolj, Vladimir
2001 Smrkolj, Vladimir
2002 Smrkolj, Vladimir
2015 Komadina, Radko
2016 Komadina, Radko
2017 Komadina, Radko
2018 Komadina, Radko
2019 Komadina, Radko

SEZNAM DOSEDANJIH PREDSTOJNIKOV KATEDRE ZA KIRURGIJO
prof. dr. Bolp#asdd96l Lavr i |

prof. dr. Martin Benedik 1964 7 1976
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prof . dr . Fr En6id98¥Zdr avi |
prof. dr. Bogomir Skrget 198171 1991

prof. dr. Vladimir Smrkolj 199171 2013

prof.dr . Al oj z 2P13¢é 20k50 v i |

prof. dr. Ma20j5ég Vesel ko

Z a s | urgf.rdi. Vlggimir Smrkolj,dr.med., vi gji sv®tni

Professor Emeritus dr. Vladimir Smrkolj Chair of Surgery MF Ljubljana

Kk
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PREGLED POGKODRWOANENE

ASSESSMENT OF THE ACUTELY INJURED
LIMB

Luigi Murena, Nicholas Rasio, Micol Dussi, Veronica Scamacca,
Stefano Gulli, Gianluca Canton

Kl'julne besede:
Ocena, akutno pogkodovan wud, odprt zl om, i znakag
Key words:

Assessment, acutely injured limb, open fracture, mangled extremity

| ZVLEL EK

Pri zdravl jenju pogkodov a nagilao oeenitiobdlmika kot aeloto. Z | o mi j
zaletno oceno in oskrbo v skladu s protokolom A
potrebno zal eti ge na kraju dogodka. Ocenjevanj
moral o zaleti na Kkr aj u izna m@ioka vs Risokaa énkrgija) m me h an
okoliglinah pogkodbe (morski, podegel ski, i ndu
pomena. Nevrovaskul arna ocena okonline je najpoc
vsaki mani pul aci ji. Pri }e i pstebno eedmor gpsumis kna h pogk
kompart ment sindrom ge posebej ob pogkodbah gol
mora zaj emat. dve projekciiji z Vvkljulenostjo ot
lahko nativne rentgenograme nadomesti CT preiskava, vendar j e ta tema ¢
kontroverzna in je odvisna od bolnignilne infras
je bilo razvitih veliko sistemov za klasifikaci

praksi ni izkazala za popolnoma zanesljivo. Klasifikacija Gustilo-Anderson kljub nizki
zanesljivosti med opazovalci ostaja hajpogosteje uporabljena po vsem svetu. Uvedeni so bili

tudi drugi Si st emi za ocenjevanje odprtih pogk
odl ol itvah o] o hrlaini tawmip u tokcooinjlii.ne Naj pomembnej gi
pogkodovani h okonlin (MESS), indeks redgevanja ol
Ganga (GHS). Vsi sistemi, | eprav zanesl jivi za

ob]| ut Inji iswi niampaevedbvaldii ampwtacije.

ABSTRACT

When managing a trauma patient with open fractures correct evaluation of the patient as a
whole should be made. Initial assessment according to the Advanced Trauma Life Support
(ATLS) protocol should be immediately implemented at the scene or in the emergency room.
Assessment of open fractures should ideally begin on site. Information on trauma modalities
(low vs high energy) and environmental characteristics (marine, rural, industrial
contaminants) are fundamental. Neurovascular evaluation of the limb is paramount and
should be repeated after every manipulation. In high energy trauma of the lower leg and
forearm compartment syndrome must always be suspected. Simple radiographs conclude
the initial assessment. The two views obtained should be orthogonal to each other and
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include adjacent joints. An inaccurate radiological study at this time should never be
accepted. In the initial assessment setting, CT scan might replace standard radiographic
examination when polytrauma patients are considered, although this topic is still
controversial. Many open-fracture classification systems have been developed in order to
aid communication between clinicians. None of them proved to be completely reliable in
clinical practice. The Gustilo-Anderson classification, despite the low inter-observer
reliability, remains the most used worldwide. Other open injury scores have been introduced
to specifically aid in the difficult decision of salvage or amputation following open fractures.
The main are the mangled extremity severity score (MESS), the Limb salvage Index (LSI),
the NISSSA and the Ganga hospital score (GHS). All the scores, whereas reliable to dictate
limb salvage, had low sensitivity and could not be accurate predictors of amputation.

INTRODUCTION

Open fractures of the lower limb are often associated with high-energy trauma.
When managing a trauma patient with open fractures correct evaluation of the
patient as a whole should be made?. Initial assessment according to the Advanced
Trauma Life Support (ATLS) protocol should be immediately implemented at the
scene or in the emergency room. First, clinicians need to recognize the presence of
life-threatening extremity injuries during the primary survey and understand their
association with severe thoracic and abdominal injuries.? The ATLS 2018 guidelines
state that musculoskeletal injuries have the potential to distract team members from
more urgent resuscitation priorities. Assessment of open fractures should ideally
begin on site. Information on trauma modalities (low vs high energy) and
environmental characteristics (marine, rural, industrial contaminants) are
fundamental. Although complicated, blood loss on site should also be evaluated, as
open fractures might be source of significant bleeding. When a severe open fracture
is not bleeding, the clinician should recognize that bleeding might have stopped
because of hypotension and low intravascular volume5. Once primary assessment is
undergone, correct assessment of the injured limb allows to optimize and plan a
correct treatment strategy. A multidisciplinary approach to the injured limb should be
performed in all complex cases. Referral to a specialist center is advised otherwise®.
This approach has shown to yield better outcomes and an evident reduction of post-
operative complications®.

PHYSICAL FINDINGS

Once in the emergency room assessment begins with inspection. All extremities are
inspected in search of bleeding, contusions and deformities. Palpation of bony
prominences and examination for tenderness and abnormal movement aids in the
identification of occult fractures®. Diagnosis of an open fracture is performed through
physical examination, an open wound in correspondence of a fracture should always
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be considered an open fracture until proven otherwise. The dimensions, location,
and degree of soft tissue involvement of open wounds should be noted prior to
reduction and/or splinting®. A primary photograph of the wound is very useful and
should be taken if possible®2. If an open wound exists over or near a joint, it should
be assumed that the injury enters the joint.?

Neurovascular evaluation of the limb is paramount and should be repeated after
every manipulation. Arterial peripheral pulses should always be palpated. Capillary
refill alone is not a reliable sign, as the limb may initially not present signs of
ischemia if collateral circulation provides temporary adequate flow. Non-occlusive
vascular injury, such as an intimal tear, can cause coolness and prolonged capillary
refill in the distal part of the extremity, as well as diminished peripheral pulses and an
abnormal ankle/brachial index®. Impaired perfusion raises the possibility of major
arterial injury and requires immediate treatment®. Studies have shown that vascular
injuries in open tibial fractures are present in 29% of cases, although only 6% require
surgical treatment’. The anterior tibial artery is the most common site of vascular
injury in the extremities, due to anterior forces acting on the leg in high energy
traumas such as road traffic accidents®. In all patients with an abnormal vascular
examination, the fracture should be reduced, and the extremity evaluated using the
ankle-brachial index (ABI). Doppler ultrasonography® can be performed as well in the
emergency room at t he patientos bed, t he mai n dr
dependency®. Sensitivity of this procedure has been reported to be between 50%
and 100% in the literature™'?. Angiography remains the gold standard for identifying
vascular injuries. Its indications and limits as well as the comparison with CT
angiography (CTA) are discussed later.

Neurological evaluation requires a conscious collaborating patient®>. Active muscle
activity must be examined despite pain often limits the possibility of proper
evaluation. In the lower Ilimb, dorsiflexion (common peroneal nerve) and
plantarflexion (posterior tibial nerve) should be tested. Proximal injuries to the sciatic
nerve, nerve roots and spinal cord must be excluded. Appreciation of light touch
should be tested on the sole of the foot (posterior tibial nerve) and in the first dorsal
web space (deep peroneal nerve).

In the upper limb, motor function is evaluated by abduction of the shoulder (axillary
nerve), elbow flection (musculo-cutaneous nerve), thumb and metacarpo-phalangeal
finger extension (radial nerve), index and little finger abduction (ulnar nerve), thenar
contraction with opposition (median distal nerve) and index tip flection (anterior
interosseous nerve). Integrity of nerve sensibility is tested by appreciation of light
touch on the tip of little and index finger (ulnar and median nerve), first dorsal web
space (radial nerve), radial forearm (muscolocutaneous nerve) and lateral shoulder
(axillary nerve)?.

Neurological evaluation must be repeated in time, especially after the patient is
manipulated. Progression of neurologic findings is indicative of continued nerve
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compression. The most important aspect of any neurologic assessment is to
document the progression of neurologic findings®*2.

In high energy trauma of the lower leg and forearm compartment syndrome must
always be suspected. The incidence of compartment syndrome is directly
proportional to the degree of injury and has been reported to be as high as 9.1% in
open tibial fractures'®. The absence of distal pulses is an uncommon and late clinical
finding and capillary refill is just as unreliable. As soon as the patient is admitted,
swelling and tenseness of the compartments must be evaluated. Pain out of
proportion and paresthesia are the most important signs and must always alarm the
examiner’>'®? Pain is examined passively stretching compartment muscles and in
later stages appears even when no muscle is stimulated. Other clinical finding such
as paresis of muscles supplied by nerves traversing the compartment and pallor of
skin overlying the compartment must be assessed. Evaluation must be repeated
every 4 h in patients with injuries that could lead to compartment syndrome. Ulmer et
al found in a meta-analysis of studies related to clinical diagnosis of acute
compartment syndrome that pain, pain on passive stretch, paresthesia and paresis
were insensitive but highly specific signs of the condition. The authors concluded
that clinical features of compartment syndrome of the lower leg are more useful by
their absence in excluding the diagnosis than they are when present in confirming
t he di &¢.nAs the nsajority of clinical signs are subjective, in an unconscious
patient it is recommended to base the diagnosis on raised compartment pressure
measurements alone®®®. All compartments in the vicinity of the injury must be
measured and the highest pressure measurement obtained should dictate
management decisions™. In these cases, compartment pressure measurement
should be repeated every 4 hrs. If clinical findings are highly suggestive for
compartment syndrome, if absolute compartment pressure >30 mmHg or if perfusion
pressure (diastolic blood pressure i compartment pressure) <30 mmHg a fasciotomy
should be performed as soon as possible, preferably within 6 h and definitely within
12 h*°,

Following initial assessment and in the absence of vascular injury, the wound should
be cleared of gross debris and covered with a saline sterile dressing. Thereafter the
limb should be realigned and immobilized in a well-padded splint. The decision to
perform limb salvage or to pursue primary amputation is made at this time®.

IMAGING

Simple radiographs conclude the initi
hemodynamic status, x-ray examination may need to be delayed until the patient is
stabilized. As with all bone injuries, the two views obtained should be orthogonal to
each other and include adjacent joints. More images are sometimes necessary to
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obtain a sufficient radiological assessment. An inaccurate radiological study at this
time should never be accepted?®.

In the initial assessment setting, CT scan might replace standard radiographic
examination when polytrauma patients are considered. However, the choice to
perform whole body CT (WBCT) in these patients is still controversial. Studies show
no differences in mortality rates between hemodynamically stable and unstable
patients who undergo WBCT®. Two meta-analysis have compared standard
radiographic protocol and WBCT in trauma patients and found that overall time spent
in ED in WBCT patients was lower than in patients who underwent standard
radiographic protocol**?°. Furthermore, WBCT might aid the surgeon to correctly
analyze the injury and plan treatment strategies’®. Nonetheless, CT scan of the
injured limb should be postponed after initial stabilization (cast or external fixation) in
most cases to obtain more detailed information to plan definitive treatment. This is
particularly valid in complex articular fractures.

As already stated, angiography is considered gold standard for vascular injury
diagnosis. That said many studies indicate that CTA has superseded all other
imaging modalities when used as the first-line investigation for suspected traumatic
vascular injury. Based on the evidence available it would appear that CTA should
replace angiography in the initial investigation of extremity arterial injury in the
absence of direct signs. It is just as accurate, less invasive, and can be used to
evaluate fractures patterns simultaneously™.

CLASSIFICATION

Many open-fracture classification systems have been developed in order to aid
communication between clinicians, plan the type of soft-tissue and bone
reconstruction, facilitate research and help to decide whether to amputate or save
the limb**2?%% Whilst many classifications have been proposed, the Gustilo-
Anderson classification remains the most used worldwide. First introduced in 1976
and later perfected in 1984 the Gustilo-Anderson classification divides open fractures
into 3 types®*.

A Type I: An open fracture with a wound <1 c¢m long and clean

A Type II: An open fracture with a laceration >1 cm long without extensive soft-
tissue damage, flaps, or avulsions

A Type llI: Either an open segmental fracture, an open fracture with extensive
soft-tissue damage, or a traumatic amputation. Special categories in type |lI
were gunshot injuries, any open fracture caused by a farm injury, and any
open fracture with accompanying vascular injury requiring repair
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Three subtypes were added to better classify type Il injuries

A Type IlIA: Adequate soft-tissue coverage of a fractured bone despite
extensive soft-tissue laceration or flaps, or high-energy trauma irrespective of
the size of the wound;

A Type IlIB: Extensive soft-tissue injury with periosteal stripping and bony
exposure. This is usually associated with massive contamination; and

A Type llIC: Open fracture associated with arterial injury requiring

A progressively worsening prognosis was seen within these subtypes. Literature
reports a 4.4% infection rate with no amputations in type-IllA injuries, a 52% infection
rate with 16% leading to amputation in type-IlIB injuries and a 42% infection rate with
a 42% amputation rate®® in type-I1IC injuries.

Main drawback of this classification has historically been interobserver variability,
reported to reach up to 60% within different studies®. A second limit of this
classification is that surgical debridement is needed to correctly classify the injury,
therefore Gustilo-Anderson classification grade should never be assigned at the ED
initial assessment®?2,

The AO classification system was introduced to standardize and potentially supplant
the Gustilo-Anderson classification. It offers a comprehensive method of classifying
both bony and soft-tissue injuries. Bony injury is classified according to the standard
AO/OTA classification scheme. Soft- tissue injury is categorized by the damage
imparted to three distinct anatomic structures: integument, muscles and tendons,
neurovascular system. Injury to the skin is further classified as open or closed. This
framework enables accurate classification of the fracture and associated soft-tissue
injury. Plenty of studies show this classification as having a moderate-to-excellent
interobserver agreement®>3%3!. The AO score appears also to allow better prediction
of prognosis when compared with the Gustilo grading®’. However, the main
drawback of this scoring system is the too high number of combinations that might
render it complicated to apply in clinical practice®*2.

Other open injury scores have been introduced to specifically aid in the difficult
decision of salvage or amputation following open fractures of the lower limb. The
main are the mangled extremity severity score (MESS), the Limb salvage Index
(LSI), the NISSSA and the Ganga hospital score (GHS).

The MESS score was developed in 1990 on a retrospective analysis of 25 patients
and subsequently on a prospective study on 26 patients. The main parameters
evaluated are soft tissues injury, limb ischemia, shock and the age of patient. A
MESS of >7 points predicts amputation®’. The LSI score was developed in 1991.
The parameters considered in this score are artery integrity, nerve injury, bone
fractures, skin integrity, muscles lesions and ischemia time. Each parameter has a
threshold value. If the total score exceeds the critical point early amputation should
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be considered. An LS| of >6 points predicts amputation®*. The NISSSA score was
proposed by McNamara et al. in 1994. The authors focused their attention on the
nerve injury because in their opinion a loss of plantar sensation is a crucial
component to predict amputation. The threshold for limb amputation is a score of
>11 points®. These grading systems have been thoroughly evaluated and
compared. The largest study reporting lower extremity injury severity score was
reported by Bosse et al **. The authors evaluated 556 lower extremities injuries by
using the main scoring systems. They found that even though 14.5% of patients had
a MESS score < 7 they still underwent amputation. The authors also found that LSI
had better specificity than MESS and NISSSA. The NISSSA score sensitivity was 33
% when applied to all type-Ill tibial fractures and 13% when immediate amputations
were excluded. On the other hand, MESS had 69.9% specificity and 78% sensitivity.
LSI showed better performance than other scores especially when applied to type 1lI
tibial fractures. When applied to ischemic limbs LS| showed a sensitivity of 83% and
a specificity of 82%. Overall authors found that LSl was more accurate in predicting
amputation®’.

The Ganga Hospital score (GHS) was proposed in 2004 to specifically address the
outcome in IIIB injuries of the tibia without vascular deficit. This scoring system
evaluates the severity of injury analyzing three parameters: the skin, the bone and
the musculotendinous structures scoring a grade from 0 to 5 for each variable.
Seven systemic factors which influence treatment and outcome are also assigned
two points each®. The GHS score has shown to have an interobserver reliability of
94% and a high predictive value for salvage and amputation (specificity and
accuracy of 95%) compared to other scores®. Whilst not extensively used this
scoring system proved to be easy to apply and gives the surgeon an optimal
prognosis when treating 111B Gustilo-Anderson injuries.

The most used score systems in the upper limb are MESS and MESI. The mangled
extremity index (MESI) was described by Gregory et al in 1985. This score considers
skin injury, bone integrity, age, nerve injury, pre-existing conditions and shock, a
cutoff of 20 is considered for amputation. Authors have suggested that MESI score is
more reliable than MESS in terms of prediction of amputation, however MESI due to
its complexity is not very practical when applied to clinical setting*.

The validity of the main scoring systems in assessing limb salvage has been
questioned by the Lower Extremity Injury Severity Scores (LEAP) study. The clinical
utility of five lower extremity injury severity scoring systems (MESS, LSI, PSI,
NISSSA, and HFS-97) in predicting amputation was evaluated. The authors
reported that their study could not validate the clinical utility of any of the lower
extremity injury severity scores. They concluded that whilst the scores were useful in
predicting limb salvage, all the scores in the series had low sensitivity and could not
be accurate predictors of amputation**.
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CONCLUSIONS

Initial assessment is a fundamental step in the treatment of the acutely injured limb.
A stepwise approach starting from systemic evaluation to exclude potentially life-
threatening conditions should be applied. Neurovascular evaluation, compartment
syndrome, severity of soft tissues and bony injuries should be ruled out.
Radiographic or CT scan exhaustive evaluation must be performed. Different
classifications of open fractures and mangled extremities can be used in clinical
practice whereas none proved to be completely reliable especially when primary
amputation is considered as a choice.
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KAJ NAM RENTGENSKA SLIKA KOSTI POVE
O POGKODBI MBEAHKI H TK

WHAT DOES THE BONE X-RAY TELL ABOUT
SOFT TISSUE INJURY

Ange Kristan
Kl'julne besede:
Lastnosti kosti, tip zloma, energija, mehka tkiva

Key words:
Bone properties, energy, fracture type, soft tissue

| ZVLEL EK

Osnovne mehanske lastnosti kosti so trdota (kost se pod obremenitvijo malo deformira),

| vrstostrehleeset velike obremenitve br ez z|l om)
obremenitvijo malo deformira in se po obremeni:t
posl edica sile, ki deformira kost nad mejo trdni
od smeri delovanja in od lastnosti kosti (osteoporoza). Kost je najmanj odporna na torzijske

sil e okoli do!l gi 0Si kosti, zato je potrebna naj
stranska obremenitev, ki povzr olaipajp pogebrmaida al i po
se kost z|l omi pod aksialno obremenitvijo. Me h k
zar adi direktnega delovanja zunanje sile, K i p

deformacije kosti ob zlomu, saj se pri tem sprosti visoka energija. 1z oblike zloma lahko
posredno sklepamo na silo, ki je delovala na sosednja mehka tkiva. Bolj zdrobljeni zlomi so

vel kr at povezani z odprti mi zI|l omi vi gje stopnje
tkiv.
ABSTRACT

The basic mechanical properties of bone are hardness (bone deforms slightly under load),
strength (bone can withstand large loads without fracture) and elasticity (bone deforms
slightly under load and returns to its previous shape after unloading). A bone fracture is
caused by a force that deforms the bone above the limit of strength. The magnitude of the
force that causes a fracture depends on the direction of action and the properties of the
bone (osteoporosis). The bone is the least resistant to torsional forces around the long axis
of the bone, so the least force is required to form a spiral type of fracture. This is followed by
a lateral load that causes a transverse or oblique fracture. Maximum force is required for the
bone to break under axial load. The soft tissues around the fracture are damaged due to the
direct action of an external force causing the fracture and/or are damaged due to bone
deformation at the fracture, as high energy is released. From the form of the fracture, we can
indirectly infer the force that acted on the surrounding soft tissues. More cuminution on
fracture site is often associated with higher-grade open fractures and closed fractures with
severe soft tissue damage.
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UvoD

Kosti so gl avni p o d-kostrregaiapamth. &Zan somtalnongibanje | n o

tel esa morajo biti kosti primerno obdane z
podkogje in koga), K i omogol|l ajo premikanje
kosti z mehkimi tkivi, vsak zl om pomeni nujn

Dve tretjini mase in polovico volumna kosti tvori anorganski hidroksiapatit

(Calo0o(it0O4)6u80(0) 2), preostanek kost i j e k
2,4g/cm®. Osnovne mehanske lastnosti kosti so trdota (kost se pod obremenitvijo
mal o deformira), | vr stbasetmehk d yte remrzeszd omgl i

(kost se pod obremenitvijo malo deformira
obliko).

Zlom kosti je posledica sile, ki deformira kost nad mejo trdnosti. Velikost sile, ki

povzroli zlom, |j e odwiodlasmostokdsti @steeporoza)lel|l ovanj a
Mehka tkiva v okolici zl oma so pogkodovana
sil e, K i povzrol.i zl om ali/in so pogkodovana

pri tem sprosti visoka energija.

Oblike zlomov (spir a |l ni prelni, vel delni) so v dire
sile in velikosti energij e, ki je ta zlom pc
pogkodbe | ahko sicer posredno, vendar z vel
mehkih tkiv®.

OBLIKA ZLOMOQOYV V ODVISNOSTI OD SILE

Normalno sile na kosti delujejo v treh osnovnih smereh: kompresijsko v smeri dolge

0Si (kosti spodnjih okonl i n, vretenca, é), t o
okonl in), prel no na dolrgnoalonse g(ak |djeullonviacnaj)a. sZe
smer i posamezne Kkosti prenesejo najvelje obr
v drugih smereh pride do zl oma ob manj dgi ene

Kost je najmanj odporna na torizijske sile okoli dolgi osi kosti, zato je potrebna

nag manj ga sil a, da nastane spiralmni tip zI| ome
prel ni al i pogevni zl om. Najvelja sila pa |-
obremenitvijo®.

Gl ede na gtevilo in potek | omni Homa dakkp t udi
dol ol i mo energijo, K i je privedla do posame
se poveluje gtevilo Ilomnih pok in odlomkov,
pok in nazoblandst |l omnih povrgin
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Deformacije kosti so odvisne od smeri delovanja sile in od velikosti sile na enoto
povrgine (pritisk). Ob wvelanju pritiska se
obremenitve ge v fiziologkem obmolju se obli
pride najprej do el ast ielpmrazbreneerita vrmea privojn@ Kk o st i
obli ko), nato do plastilne deformacije (kos
obliko), naslednja stopnja deformacije je zlom kosti'.

Za velikost.i sile na enoto povrgine, je pom

energija.

Po drugem Newtnovem zakonu je sila odvisna

| asovhno enoto. Sila je tem velja |im hitreje
F = op/ pvi F/ ot v f

Pri zlomih kosti to konkretno pomeni, da je oblika zloma, ki je povezana z velikostjo
sile, povezana tudi z debelino okolnega mehkega tkiva. Pri sili, ki deluje na sprednjo

stran gol eni kjer kost pokriva | e koga in pr
kjer je kost bistveno b o bblikazlama,dilieipovezanaz z me h k
energijo |l ahko bistveno drugalna. Vendar pa

so zato |l ahko pogkodbe mehkih tkiv hujge, pr

Razl il ni tipi zl omov so povzr olovwmmaisilazSilar az | i | r
K i j e dovol | vel i ka, da pogkoduj e naj tr dne
pogkoduje tudi okolna mehka tkiva.

POVEZAVA POGKODBE MEHKIH TKIV Z OBLI K¢

Gustilo je v klasilni gtudi ji | oglgrtia zIdmBVB 4 | e L
57 % kominutivnih zlomov, 18 % prelnih in 13
znalilna visoka energija. Le 12 % zI|l omov |

dislocirani in spiralni). Skoraj 90 % odprtih zlomov 3. stopnje je bilo na spodnjih
okonl i nah. Do podobnih podatkov 8o prigle tu

Tudi proi zaprtih zl omi h j e pogkodba mehkeg
povzrolila pogkodba. Zat o s o proi kompl eks
pogkodovaneano sktoatV.nperjigi h
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Tabel a 1. Znal il nosti posamezni h parametrov %
Gustillio Andersonovi klasifikaciji®.

I Il A B I c
Velikost rane <lcm >1cm >1cm >1cm >1cm
Energija nizka srednja visoka visoka visoka
Kontaminacija majhna srednja velika velika velika
Pogkodba gl ob|majhna srednja velika velika velika
Kominucija zloma majhna srednja velika velika velika
defekt periosta ni ni je je Je
Mognost direk|da da da ne da
Nevrovaskular na p o g|ne ne ne ne Da
Mognost okugb|0i2% 2%-7% | 7% 10 % - 50 | 25 % - 50

% %
Tabela 2. Znalilnosti posamezni h parametrov Vv pc
zaprtih zlomih po Tscherne Oesternovi klasifikaciji®.
Co C1 Cc2 C3

poglad k ol malo povr gi ns|globoke odrgnine infobsegne uda

odrgnine udarnine
pogkodbal|malo malo omejene zmeobsegne 2z me
zlom enostven | enostaven kominutiven kominutiven

Slika 1: Spiralni nizko energijski zlom
goleni Z manjgo rano
huj ge otekline in
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Slika2:pre!ni fisrednj eo energi‘jsf('iIIIAIom gol

SIika3:Ve!fragmentivisoko energijski zl om gol en
Anderson Il B
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ZAKLJUL EK

Za o0oceno resnosti pogkodbe mehkih tkiv, bo
potrebno upogtevat.i tudi stopnjo pogkodbe Kk
nam | e redko pove kakgne so pogkodzloma me h ki
dobi mo bistveno natanlnejgo predstavo o vel
pogkodbo okonline. Poleg velikost.i rane na |
j e potrebno ugotoviti tudi smer delegmaaj a si
|l e je tega tkiva med mestom delovanja sile
pogkodbe tkiv je mogna |l e ob wupogtevanju t;
zl oma in rentgenske slike pogkodbe kosti
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LASOVNI CA PRIODRRSIK RBMOV
I POGLED TRAVMATOLOGA

TIMING IN MANAGEMENT OF OPEN
FRACTURES T A TRAUMATOLOGIST VIEW

Matej Cimerman
Kl'julne besede:
Odprti zlomi, oskrba, multidisciplinarni pristop

Key words:
Open fractures, management, orthoplastic approach

| ZVLEL EK

Odprti z|l omi predstavljajo velik izziv za | el el e
mul tidisciplinarni tim plastilnega kiruggoin tr
oskrbo takdgnih podgkodb. Pri oskrbi se je potre
Odlolitve se sprejemajo s konsenzom obeh specia
potrebno zaleti | i mprej . Anti bi o tzaprhjuneehkihtiv,av!| j enj
v kolikor je rana zaprta prej. Pravilo 6 wur do
temu priporolamo | imprejgnjo kirurgko oskrbo oo
ustrezne Kkirurgke ekipe, psel bghko pesge z7eogmek
takojgnje zaprtje defektov mehkih tkiv, sicer p.
72 wurah. V Slovenij.i potrebujemo kategorizirane

oskrba odprtih zlomov.

ABSTRACT

Open fractures, especially ones caused by high energy are still nowadays a great challenge
for treating surgeons. We believe, that orthoplastic teams give the best care for these
patients. The right sequences of procedures should be followed and decisions are made
with consensus of plastic and trauma surgeons. Systemic antibiotic should be administered
as soon as possible. Antibiotic therapy is given for 72 hours or 24 hours after soft tissue
closing if it is done earlier. Golden 6 hours rule for debridement is not so strict any more, but
we recommend the debridement of complex open fractures as soon as possible, taking in
account proper facilities and experienced orthoplastic team. Definitive closure of soft tissue
as soon as possible or at least in 72 hours interval is strongly advised. It is necessary to
establish the system of Trauma centers around the country where orthoplastic teams are
available.
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INTRODUCTION

The term open fracture means direct communication between the broken bone and
the environment. Open fractures are often caused by high energy trauma, however
there are also low energy open fractures particularly where the bone lies close to the
skin and therefore sharp fragments can perforate it. In open fractures, there is a high
risk of infection which can lead to difficult chronic osteomyelitis with bone healing
problems and soft tissue compromise. Because of these, treatment of open injuries
represents a big challenge for treating surgeon. This requires strong collaboration in
multidisciplinary team, especially traumatologist and plastic reconstructive surgeons.
This collaboration showed promising results and is called orthoplastic approach®.
Yet, the most difficult open fractures even in most experienced multidisciplinary
teams are still nowadays extremely demanding to treat and serious complications
can occur. The most important goals of the treatment are: prevention of infection,
fracture fixation, soft tissue reconstruction and repairing of neurovascular structures
if necessary.

The aim of this presentation is to summarize modern management of open fractures
with special emphasize on time scale of the procedures.

HISTORIC OVERVIEW

The difference in the prognosis regarding open and closed fractures was recognized
in earliest times. Hippocrates gave the patients with open fractures bad prognosis,
especially if the fractures were on the larger bones near the trunk. He understood the
basic principles of treatment as well: treating of open wounds with cleansing and
sealing and treating the fractures with reduction and splinting. This elementary
principle is valid still nowadays. Ambroise Pare, the famous surgeon from 16"
century sustained the open fracture of tibia and fibula when he felt from his horse.
He described in details the treatment of his own injury including the complications:
extreme pain and high fever for seven days®. At that time the development of
firearms led to increase in numbers of high energy open fractures. Infections caused
loss of limbs and sepsis was very often lethal, so the amputation was the treatment
of choice. But also the mortality rate for major amputations was very high, namely
around 60%. Desault in 18" century introduced debridement principle. With
debridement Desault wanted to change complicated and dirty wound to clean and
simple one?. A big step forward in treatment of open fractures was made by Joseph
Lister. Based on Pasteur work and on his own observations he understood the
importance of asepsis in surgery. In 1867 he reported the excellent results in
treating open fractures u’Atthgenhdhd9" cefitant i s e p't
Friedrich in experiments on animals observed the time interval for local infection to
be established in contaminated wound. He demonstrated that in the first six hours
exact debridement is very effective®. Thi s n 6 hour i nterval o
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generally accepted and is nowadays a subject of intensive discussion. The
interdisciplinary collaboration between orthopedic and plastic surgery started before
second world war. Sir W. Arbuthnot Lane, orthopedic and general surgeon, officer
of Royal Army and one of the pioneers of internal fixation organized Queen Mary
Hospital in Sidcup and collaborate with Sir Harold Gillies, father of plastic surgery for
best treatment of soldiers of World War I.°. In early 1960s there was systematic and
intensive development of internal fixation techniques and implants on the behalf of
AO group. In the same time the operative microscope was introduced and with
microanasthomosys the transfer of free flaps became possible. The modern
multidisciplinary approach for treatment of complex open fractures started with
Godina in Ljubljana, Slovenia. He introduced modern multidisciplinary treatment of
complex open fractures: radical debridement, fixation and early soft tissue
coverage®. And the era of modern orthoplastic surgical approach started.

CLASSIFICATION OF OPEN FRACTURES

There are more classification systems to characterize open fractures. Gustilo
classification is definitely the most known and widely used’. The classification
organizes open fractures in order of worsening prognosis according to mechanism of
injury, level of contamination, soft tissue damage and fracture complexity. Open
fractures are classified into three types, according to severity. Type three is further
subdivided on three subtypes. For example, type | is simple fracture fracture with
wound smaller of 1cm, type 3C is high energy injury with extensive soft tissue
damage, complex fracture pattern and vascular compromise. The classification is
simple and logic, but is to certain degree subjective. Relatively high (around 50-60%)
interobserver reliability is described. The most accurate is that the classification is
made in operative theatre after radical debridement. The AO/OTA classification is
the most precise one®. The injuries of the skin, muscles, nerves and vessels are
classified separately. Its complexity can make it less suitable for every day clinical
practice, but however this classification is an excellent check list for acute
assessment of the injured limb.

PRINCIPLES OF MANAGEMENT

The objectives of treatment of open fractures are: prevention of infection, fracture
stabilization, soft tissue reconstruction and coverage and of course the restoration of
the function. In complex patterns, especially in Gustilo Il types the treatment is very
demanding and should be preformed in centers where skilled orthoplastic teams are
available 24 hours a day. In Slovenia, for now, there is no officially categorized
hospitals with orthoplastic teams where these patients should be referred. In

39



University Medical Centre Ljubljana we treat complex open fractures in collaboration
with plastic surgeons for four decades®.

The treatment starts at the site of injury. If the patient is politraumatised the most
critical goal is life saving. The resuscitation according ATLS  principles is
immediately performed. Evaluation of open fracture starts when life-threating
conditions are stabilized. The wound is cleaned with sterile saline, the photograph of
the injury is highly advisable. After sterile dressing the limb is immobilized after
gentle traction on well padded splint®.

At the emergency department the orthoplastic team should be activated. Immediate
administration of antibiotic has robust evidence. Delay of administration is
independent risk factor for infection'®. There is no strict consensus about antibiotic
regimen including duration of therapy. At our institution we have clear guidelines
from 2016: Gustilo | and Il as closed fractures (single dose prophylaxis before
internal fixation). Gustilo type IlI: cefazolin 2 g/8h and gentamicin 3 mg/kg/24h for 72
hours or 24 hours after closure of soft tissue if it is done earlier. In grossly
contaminated wounds extra metronidazole 400 mg/8h is added. Tetanus prophylaxis
is also immediately performed if necessary. The systematic evaluation is done by
plastic and orthopedic trauma surgeon together. The wound is checked quickly and
photograph should be taken. The wound is covered by sterile wet to dry dressing as
soon as possible. The dressing is not changed any more before definitive
debridement in the OP. The complete nevrovascular status is checked. If the limb is
ischemic, CT angio can be required but with consensus of plastic surgeon to avoid
unnecessary delay in treatment. The compartment syndrome should be considered.
The limb is immobilized in soft splint and standard x-ray diagnostic is preformed.
After gained informations the exact plan of treatment is done by orthoplastic team
and the patient is prepared for surgery. The golden rule for timing to go the
operating room is traditionally 6 hours. This interval was based on experiments on
animals performed by Friedrich more then 100 years ago®. However this historical
Ashaur r ul e suppbrairsthelavailabld literature’ 2. These results should
be interpreted with caution, they means merely that we need good designed studies
on this topic, not simple to postpone the operative treatment of open fractures. On
the other hand, if some delay is necessary because of transport to qualified center,
it does not pose a special problem. The quality of operative procedure (regarding
right team and logistics) can justify some hours of delay if necessary.

The first step in surgical management of open fractures is lavage and debridement.
Debridement is demanding procedure and must be executed by an experienced
surgeon. The best way is that the procedure is done by plastic and trauma surgeons,
who will also definitely reconstruct the soft tissue and the bone defect after
necrectomy. Necrectomy should be radical, all non vital tissue should be removed.
Also non vital and nonattached bone fragments are removed. The only exception are
articular fragments, which should be preserved if possible. When radical necrectomy
is accomplished the definitive classification is made and traumatologist performs
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fixation of the fracture. Fixation method is chosen with consensus of plastic surgeon
(orthoplastic team). After fixation orthoplastic team decides about reconstruction of
possible bone and soft tissue defect. We try to definitely closed the soft tissue with
various techniques in single stage procedure if possible. If not, the plan for second
look is done. Also second look is performed by orthoplastic team. If there is
significant bone defect, definitive plan for bone reconstruction is done. We try to
close soft tissue definitively in 72 hours®.

CONCLUSION

Open fractures are still nowadays a great challenge for treating surgeons. We
believe, that orthoplastic teams give the best care for these patients. The right
sequences of procedures should be followed and decisions are made with
consensus of plastic and trauma surgeons. It is necessary to establish the system of
Trauma centers around the country where orthoplastic teams are available.
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| ZVLEL EK

Naj boljga | asovnica zdravljenja odprtih zl omov
zapletov in izhod zdravlj enj a, ge vedno predmet razpravl janj
se izraz | asovnica nanaga na | as med pogkodbo i
med pogkodbo in dokon|lnim kritjem rane.

Najnovejga ©priporo a in ish,anprirgaor olkaj ot ekmerlyri
[

| il
rane takoj po podgkodbi , kadar gre za odprte zlo
opravili, v 12 wurah po pogkodbi za Gustilo I 11E
Gustilo I, Il in 1A zlome.
Istapriporol i | a in standardi zagovarjajo dokonlno kri:t
bol ni ki h, kjer dokonlno kritje rane ni mogol| e oft

ABSTRACT

Optimal timing, in treatment of lower leg open fracture, continues to be a matter of debate
because of its impact on the complication rate and the outcomes. The word timing, from the
standpoint of the plastic surgeon, refers to the time-gap between trauma and wound excision
and between trauma and definitive wound closure.

The latest evidence-based guidelines and standards suggest wound excision immediately
after trauma for highly contaminated agricultural and aquatic open fractures, within 12 hors
of injury for Gustilo 11IB and IlIC open fractures and within 24 hours of injury for Gustilo I, Il
and IIIA open fractures.

The same guidelines and standards advocate definitive wound coverage within 72 hours of
the injury in all patients where definitive wound coverage is not possible at the time of the
first wound excision.

43



INTRODUCTION

Since the times of Marko Godina, the optimal timing of surgical procedures in open
leg and foot open fractures is still a matter of debate.

Two different and important timings exist the timing of the first wound excision

(édebri dementc¢) and t hetimohgg Edachmaf thénvcarriesvanu n d

impact on the complications rate and outcome.

HISTORIC OVERVIEW

My generation of surgeons, who started their surgical training in the 1970'ies, was
taught that, based on historical human and animal studies, the surgical excision
(debri dement) of any wound should be
gol den six hoursg) to avoid deep woun
time gap between the injury and wound excision was not as crucial as the
debridement adequacy.

CURRENT EVIDENCE AND DISCUSSION
FIRST SURGICAL WOUND EXCISION

The evidence-based data teach that performing the first surgical excision in open
fractures of the lower leg and foot as soon as possible after an injury is of paramount
importance. But the time between the injury and the first debridement is not the only
factor impacting the number of complications and the outcome. The others include
the complexity of the fracture (Gustilo and Anderson classification), the type and the
degree of wound contamination, the number of comorbidities, the completeness of
the debridement, the institution where the first wound excision has been performed,
who performed it, the antibiotic prevention and eventual therapy and the time gap
from the first debridement/provisional/definitive bone fixation to final wound closure.

What does eas soon as possible¢ mean?

Delay of wound excision greater than 8 hours after injury increases the likelihood of
deep infection. A higher grade of Gustilo-Anderson classification carries a higher
incidence of infection.® Delayed debridement appears to be safe for Gustilo | open
fractures but only in the absence of the tibial site, high fracture grade, and heavy
wound contamination.?

Delaying debridement beyond 24 hours of injury is related to higher rates of
amputation.®
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The probability of a deep infection increases by 1.033 for each hour of delay of the
first wound excision after injury. Open tibial fractures develop deep infection 2.44
times more often compared to non-tibial. Higher infection rates characterize Gustilo
I11B and 1IIC injuries compared to Gustilo Il and 111A.2

Wound excision within 8 hours after injury eliminates time to debridement and
contamination as predictors of poor outcome; the patient factors and local and
general severity of the injury remains the only determinants of the outcome.*

For these reasons, NICE 2016 recommends, in contrast with BOA/BAPRAS
Standards 2009, that highly contaminated aquatic and agricultural open fractures
should be excised immediately in the operating theatre, that high-grade open
fractures (Gustilo 1B and 1lIC) should be excised within 12 hours of the injury,
whereas all other open fractures (excluding hand, toes, and wrist) should be excised
within 24 hours of the injury.”

Delay of surgical wound excision increases the costs of treatment because of higher
complication rates.

Increased costs of early first wound excision by two specialists, the orthopedic and
the plastic surgery consultants, are lower then the costs of complications in case the
patient is treated inadequately or sequentially.

Treatment of open fractures in specialist centers causes fewer complications and
revision surgeries compared to peripheral hospitals®.

TIMING IN SOFT TISSUE RECONSTRUCTION

Traditional orthopedic management of lower leg and open foot fractures consisted of
serial wound excisions until the wound was clean, appropriate bone fixation and
transfer of the patient to plastic surgery for (delayed) soft tissue reconstruction,
which, until the advent of microsurgery in the 1970'ies, consisted of tube pedicle flap
or cross-leg flap transfer.

The importance of early coverage of open fractures aimed to reduce deep infection,
osteomyelitis, and non-union rates and favor primary bone and soft tissue healing
had not been recognized before 1977 when Ger published his work on the use of the
pedicle muscle flaps for early coverage of open fractures of the extremities. Later, in
1986 Godina, in his seminal paper, showed that better outcomes in terms of lower
infection rates, shorter time to bone union and weight-bearing, and fewer
microsurgical complications (total flap loss) could be expected when open fractures
were covered by free flaps early (within 72 hours of injury). In his 500 patients, the
worst results were seen between 72 hours and three months after injury (the
subacute phase of wound-healing). Any delay in coverage of the wound leads to
edema, fibrosis along blood vessels, the vessel wall's fragility, and more
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complications and worse outcomes. Godina was the first to use and propagate the
combined, simultaneous orthopedic and plastic surgery treatment of open fractures
of the lower | eg and foot, 'now called éortho

The 2020 BOA/BAPRAS Standards give credit to the 2016 NICE evidence-based
guidelines on the timing of soft tissue reconstruction in lower limb open fractures that
advocate definitive wound coverage within 72 hours from injury in all cases where
definitive coverage is not possible at the time of primary wound excision. The clue to
early wound coverage is complete wound excision(debridement). When the primary
wound excision is thorough and comprehensive, early definitive wound coverage
gives excellent outcomes in a small flap failure rate and (little) deep infection®.

The advantages of early wound coverage include reduced (deep) infection rate®,
reduced deep infection rate associated with metal implants’®*®, reduced overall
complication rate, reduced time to the bone union®?, shorter time of hospitalization®,
less surgical procedures™®.

Earlier fracture healing, less deep infection, little flap loss, shorter time to full weight-

bearing, and reduced number of operations till the final result should be expected

when definitive bone fixation and flap coverage are done at asinglestage (t he ef i
and flapc¢®™ ¥ ncipl e)

CONCLUSION

Strong evidence exists that open lower leg fracture treatment by the orthoplastic
approach in specialist(trauma).

Centers offers less complications and better outcomes. Timing of first wound
excision and definitive wound closure remain of crucial importance for the
complication rates and the outcomes. Heavily contaminated fractures should be
excised immediately, Gustilo IlIB and IlIC fractures within 12 hours and Gustilo 1, II,
IIIA fractures within 24 hours of injury.
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INTERDISCIPLINARNEODL OL I TVE P
DI AGNOSTI LNI TQ®¥REH AV
ZLOMOV

INTERDISCIPLINARY DECISION MAKING
AFTER DIAGNOSTIC WORK-UP IN OPEN
FRACTURES TREATMENT

Luigi Troisi

K1 j ubesege:
Odprti z|l omi , i nterdisciplinlagrni pristop,

Key words:
Open fractures, interdisciplinary approach, plastic surgeon, orthopedic trauma surgeon

| ZVLEL EK

Interdisciplinarni  pristop k kompleksnim pogkodlo&mn |j@ mujen. Dobro je
dokumentirano, da usklajeno multidisciplinarno timsko delo pr i anta@| fjegultate. Prva
kiruedkagé&mp adr uipifornalizirala pomen interdisciplinarnega pristopa za

pl ast.

zdravljenje hudih p o § k smbdnjih o k o n kta hili, Britansko ortopedsko z d r u g (B®A) e

in Britansko z dr u g p h p et liekomstruktivnih in estetskih kirurgov (BAPRAS). Te

zapletene primere je treba obravnavativv e | § i & v ma t cehtrin.gPkvikbrak k i T ur gk eg a
zdravljenja predstavlja nekrektomijo mehkih tkiv in kostiz z a| a & h @ r s kostit Drugp o

stopnjo predstavlja tako imenovani "fix and flap". Obvezno je, daon a | ragpravljajo in se o
njem strinjajo vsi | | aimterdisciplinarne skupine. Na g a | ¢ak koheziven in kombiniran
pristop ni prisoten povsod, kar p o v z r zarhude pri zdravljenju, nepotrebne v e | Kk r
operacije in slabe rezultate. Interdisciplinarni pristop bi moral biti obvezen za zdravljenje
odprtih zlomov spodnjiho k on | i n.

ABSTRACT

An interdisciplinary approach to complex limb trauma is essential. It is well documented that
cohesive multi-disciplinary teamwork results in better outcomes. The first surgical
associations to combine and formalize the importance of an interdisciplinary approach to
treat severe lower limb injuries were the British Orthopaedic Association (BOA) and British
Association of Plastic Reconstructive and Aesthetic Surgeons (BAPRAS). These complex
cases should be treated in major trauma centers. The first step of the surgical treatment is
represented by debridement (soft tissue and bone) washout, temporary bone fixation and

atne

dressing. The second surgical stage is represented by the so called i f @and f | alpis .

mandatory that the plan is discussed and agreed by all members of the interdisciplinary
team. Unfortunately, such a cohesive and combined approach it is not present everywhere
and this causes not only delays in treatment, unnecessary disjointed trip to theatre and poor
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outcomes. An interdisciplinary approach should be mandatory to treat lower limb open
fracture.

INTRODUCTION

An interdisciplinary approach to complex limb trauma is essential. It is well
documented that cohesive multi-disciplinary teamwork results in better outcomes.

In 1939 Josep Treuta published the results of his new technique to treat lower limb
open fractures® showing that wound debridement, open reduction of the fracture,
wound dressing with sterile gauze and cast immobilisation could improve the
outcome. Despite this treatment algorithm being delivered by orthopedics, it
demonstrates the recognition that not only the fracture needed to be treated.

It was in the early @0s that thanks to the advent of microsurgery limb threatening
injuries, previously treated with amputations, became salvageable, and indeed
reconstructable.

Over the years several studies have been published, highlighting the importance of
treating severe lower limb injuries with a combined approach involving collaborating
orthopedic and plastic surgeons. As the evidence base has grown the critical
importance of timings of the stages of care have been highlighted. Bird et al. showed
that the incidence of complications was related to the timing of coverage?.

The milestone was represented by Godina® work: Early microsurgical reconstruction
of complex trauma of the extremities®. With his work Godina demonstrated that
timing and multidisciplinary approach were the key to better outcomes.

In 1991 Arnez published his experience with the femergency free tissuet r a n’slf
Ljubljana the departmental organisation was such that both plastic surgeons and
orthopaedic surgeons were available 24/24 for treating open lower limb fractures.

The first surgical associations to combine and formalise the importance of an
interdisciplinary approach to treat severe lower limb injuries were the British
Orthopaedic Association (BOA) and British Association of Plastic Reconstructive and
Aesthetic Surgeons (BAPRAS). The process started in 1991 with the first guidelines
published in 1997. The last edition has been published this year®. Other countries®
have followed suit. In the past two decades several publications have showed that
the multidisciplinary approach is critical to improving outcomes.

INTERDISCIPLINARY APPROACH

These complex cases should be treated in major trauma centres, where after the first
assessment following the ATLS principles (primary survey and secondary survey),
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the patient should be seen by both a senior orthopaedic surgeon and a senior
plastic surgeon, with expertise in lower limb injuries.

After the diagnostic work-up (i.e. plane x-rays, CT- Angio’, etc etc) the case should
be discussed in an MDT with dedicated plastic surgeons, orthopaedic surgeons,
vascular surgeons, radiologists, physiotherapists, occupational therapists, lower limb
nurses, following which an agreed management plan can be be made.

The first step of the surgical treatment is represented by debridement (soft tissue
and bone) washout, temporary bone fixation and dressing®®. The only cases where
the surgery should be performed emergently are those with vascular compromise,
unstable fracture that can cause damage to the vascular tree and gross
contamination (marine, sewage, etc.).

Following the current guidelines the first step should be performed during the day
time by a senior plastic surgeon and a senior orthopaedic surgeon®.

The second step should ideally be performed within 72 hours from injury and
certainly within 7 days from injury, avoiding the sub-acute phase'. This second
surgical stage is represented by the so called ffix and f | alfpisomandatory that the
plan is discussed and agreed by all members of the interdisciplinary team. The
plastic surgeon applying the most appropriate reconstructive technique'? and the
same is valid for the orthopaedic surgeons (i.e. ORIF, frame. etc).

Unfortunately, such a cohesive and combined approach it is not present everywhere
and this causes not only delays in treatment, unnecessary disjointed trip to theatre
and poor outcomes. In such situations vacuum therapy has been demonstrated to be
helpful*®. When in the sub-acute phase an approach to try to convert the it again in a
sort of acute phase could help to have similar outcome to the injuries treated in the
acute phase’**°.

CONCLUSION

In conclusion an interdisciplinary approach should be mandatory to treat lower limb
open fracture in order to achieve better outcome and patients &atisfaction.
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KI RURGKO OME JEMYDNE] BN A
PRI ODPRTIH ZLOMIH

DAMAGE CONTROL SURGERY ON BONES
IN OPEN FRACTURES

Ange Kristan
Kl'julne besede:
Odprti zlomi, zaprti zlomi, zunaniji fiksator, razdelitev

Key words:
Open fracture, closed fracture, external fixator, classification

| ZVLELEK

Osnovno nalelejeoepamjaai gkode je odprava vzrokov,
pogkodovanl|levo ¢givljenje ali okonl|ino, hkrat. p
pogkodbah okonlin se za tovrstne operacije odl
Gustillio Andersonu, pri zaprtih zlomih stopnje C2 in C3 po Tschernejevi klasifikaciji in pri

kompl eksnih skl epnih i n obskl epnih z|l omi h. Na m
krvavitve, odstranitev mrtvine in s tem zmanj ga
ol ajj gamege pri intenzivnem zdravl jenju. Pravilrr
nadal juje v bolnignici. Potrebna je | imprejgnja
potrebno odstraniti vso avitalno kostnino z diafiznega in metafiznega dela kosti, potrebno pa

je ohranit.i skl epne fragment e, |l e je to mogno
pravilno nameglenim zunanj.i fiksatorjem, s kate
mere tudi dol gi no. Na ta nal i nimasntogkbbi nedalpjemmoa mo t uc
z diagnostiko in nalrtovanjem dokon|lne oskrbe.
ABSTRACT

The basic principle of damage control surgery is to eliminate the causes that directly
endanger the life or limb of the injured person, and at the same time these procedures are
not lengthy and definitive. In the case of limb injuries, such operations are chosen for open
fractures of the third degree according to Gustilo Anderson, for closed fractures of the C2
and C3 degrees according to Tscherne's classification and for complex articular and
periarticular fractures. The purpose of temporary limb care is to stop the bleeding, remove
the avital bone and thus reduce the chances of infections, reduce pain and facilitate care
during intensive care. Proper care begins in the field and continues in the hospital. The right
antibiotic needs to be applied as soon as possible. During surgery, all avital bone should be
removed from the diaphyseal and metaphyseal parts of the bone, and joint fragments should
be preserved if possible and reasonable. The fracture is temporarily fixed with a properly
installed external fixator, which corrects the axis and rotation, and to some extent also the
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length. In this way, we also stabilize the soft tissues. After primary care, we continue with
diagnostics and planning of final care.

UuvoD

l zr az omej evanje gkode (angl . damage cont i
mornarice I n pomeni ukrepe, ki Sso potrebni C
opravl jeni na morju ter ormosgtod mij @l ap r i kpjl eurj t
dokon| no popravilo.

V pogkodbeni Kiruragiji je Dbilo nalelo oper
contr ol surgery, DCS) vpeljano v zaletku de:
se je wuporabljalo princevesnstoslkmdi pp@lgkadl
trebuha in prsnega koga. Osnovni nal el o tov

neposredno ogrogajo pogkodovanlevo givljenje
in dokonl ni

Enaki principi oskrbe se v moderni travmato | ogi j i uporabljajo tud
posebej, | e je ob zlomu prisotna tudi huda p

Omejevanje gkode poteka v gtirih stopnjah:
I.NILELNA TOpKApoznava pogkodovanca, K i pot
omejevanje gkode,

2. PRVASTOPNJA - pri marne operacije po principu o0me
3. DRUGASTOPNJA - pri prava na dokonlno oskrbo,

4, TRETJASTOPNJA -dokon|l na' oskrba.

Pri izoliranih pogkodbah okonlin se za oper
odprtih zlomih 11l stopnje po Gustilo Andersonu, pri zaprtih zlomih stopnje C2 in C3
po Tschernejevi klasifikaciji in pri kompleksnih sklepnih in obsklepnih zlomih.

V. |l anku se bom omej il na PRVO STOPNJO oskrb

OSNOVNI PRI NCI PI OMEJEVANJE GKODE PRI
OGROGENI MI MEHKI M, C2TNKA3)V | ( GA | |

Namen zalasne oskrbe wudov je wustavitev krve
zZzmanj ganje mognosti okugb, zmanjganje bol el
zdravljenju.*

Ukrepi za omejevanje gkode se zaelgneevjad cgeev .n a
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Na terenu morajo biti rane sterilno pokrite, pred tem je potrebno iz okolice rane

odstraniti velje tujke (trava, zeml j a, del e
i zognemo dodat ne mu odkrivanju raneo, saj bol ni
dodatno odkrivanje rane % bol nignilnem ok
bol nigni | ni mi patogeni in zato vedjo verjetn

Vel je krvavitve ge na terenu ustavljamo s ko
tudi z Eschmakovo prevezo.

Okonlino je potrebno imobilizirati v | im bol
Gtudije so pokazal e, da je potrebno | im pr
pogkodovanec z odprtim zIlomom dobi antibioti
okugbenjzgnmaa za trikrat v primerjavi S pacient
pogkodbi . Pri odprtih z|l omi h I i n (I st o]

cefalosporin 2. generacije, pri odprtih zlomih tretje stopnje pa poleg cefalosporina
tudi aminoglikozid. V. pr i meru hudo umazani h ran (kmeti]

zal et preprelevati okugbo tudi s penicilin
antitetani®® no zaglito.

V. bolnignici j e potrebno pogkodovanca naj f
opravljeni di agnost i ki praviloma take pogkodbe op

operativna ekipa sestavljena iz kompetentnega travamtologa in kirurga plastika.

PRIMARNA OPERACIJA

Cil j oskrbe kostne pogkodbe pri teh operaci
kost no krvavitev in zlom zalasno stabilizirat
Vse dele kosti v diafiznem in metafiznem del
je potrebno v tej fazi operacije odstraniti. Pri pomembnih sklepnih kosih kosti

(spongiozna kost pokrita s hrustancem), fragme nt e dobr o ol i st i mo i
primarni operaciji poskugamo anatomsko stabi
Z naravnavo in zalasno fiksacijo odlomkov s
skrajnih primerih, ko se to ne zgodi, krvavitev iz spongioznih delov kosti, lahko

ustavimo tudi z uporabo kostnega voska, | e

dela diafizne kosti, pa to krvavitev do naslednje operacije lahko ustavimo z zaprtjem
kanala s kostnim cementom, ki mu je dodan antibiotik.

Z|l ati standamwnvce ullvwomov pri zlomih s hudo pog
premostitvenega zunanjega fiksatorj a. Na t a
preprelimo patologko gibljivost, ki povzrol a
in bolelino.
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Po namesti t v i fi ksaterja |e ge % operacijski
kompartment sindroma, ki lahko nastane tudi pri odprtih zlomih. Ob sumu na
kompart ment sindr om, je potrebno nareditd.i |
fascije v vseh kompatmentih.

Vskraj ni h primeri h, ko je splogno stanje pogk
okonline taka, da tudi kasneje ne bo mogno o
bo vsaj delno funkcionalana, s&°moramo odl ol

TEHNIKA NASTAVITVE ZUNANJEGA FIKSATORJA

Osnovne prednosti zunanjega fiksatorja so: je minimalno invazivha metoda,
omogola hitro namestitev, ne potrebujemo so
razlilnih namestitev.

Pol eg prednost. i ma tudi p o masnoj kmojginveo sptoig: k okde
mehkih tkiv (givci, ¢gile), ob dolgotrajnejgi
prehoda Schancowih vijakov skozi kogo, K i S
zunanji fiksator neudoben.

Vijake wvstavljamo s keozznie knoagnoj g ®k orzeiz e p oksoagne i

Mehka tkiva med kogo in kostjo pred uvrtava
da so moderni Schancowi vijaki samouvrtljiwv
vstavitvijo z svedrom napraviti vstopno mesto v proksimalnik or t e k s, na ta n
izognemo termilni pogkodbi kost:i

Samouvrtljivi in samonarezni schanzowi vijaki imajo izjemno ostro konico, zato naj

ne segajo skozi distalni korteks, ker | ahko
Pri k1l asi | pemetracija digtalnéga Korteksa dovoljena.

Ob namestitvi fiksatorja za zalasno zdravl j e
pogkodbe mehkih tkiv ni samo v predelu zI| om
distalno. S pravilno namestitvijo se tej coni moramo i zogni t i . Na ta na
med vijakoma, ki sta najbligje zlomu v obeh
na stabilnost, kar pomeni, da se odl omki me d
Stabilnost fiksaciji povel amo xvposaméznim r az mi
odl omki h, osnovni povezoval ni palici, dodanm
palica naj bo | im blige kogi, vendar oddal |
upogteva nastajajolo oteklino. V primeri h,
premkaj o, je potrebno napraviti zunanjo fiksac
Ob wurgentni namestitvi zunanjega fikatorja
obl i ko, K i pomeni |, da vijake % posameznem
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palicama, s posebno pa potem oba konstrukta povegemo. Ta konfigu

omogola boljgo in hitrejgo naravnavo odl omko
Ob naravnavi zl omov na zalasnem zunanjem f il
in torzijo, proi popravi dol gi ne, pa sSmo pozc

6,7,8

Na t an poleg kosti razbremenimo tudi mehka tkiva.

Slikalb:Pogkodba mehki)h tkiv: Gustilo A
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Slika 1 c: Po nekrektomiji mehkihtki v. i n kosti, wulvrgleno z

Slika2:Pr avi
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in samo narezni vijaki ne perforirajo distalnega korteksa.

ksator.

Viijaki



ZAKLJUL EK

Pravil ni z a | pe primarnihpopesatijahp do inujen, ne pa zadosten pogoj,

za dober konlen rezultat. Znotr aj splogni h |
|l ahko pojavljajo specifilna vpraganja in proc
tovrstne operacijedovolji zkugena in je sposobna sprejemat
Po prvi oskrbi, je potrebno | im prej napr a
potrebna in napravit.i nalrt za dokon| no oskr
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PREPRELI| TEV BE MEHKAK
TKIVA

DAMAGE CONTROL: SOFT TISSUES

Zoran M. Arneg

Kl'julne besede:

Preprelitev velje gkode v ortopediji/travmatol og
zalasna preveza rane, zdrkbml j enje rane z nagativ
Key words:

Damage control orthopedics, early total care, wound excision, temporary wound dressings,
negative pressure wound therapy

| ZVLEL EK

Cilj kirurgije preprelevanja velje gkode je oh
preprelitewggioglujjedjih sistemskih zapletov z opu
| asu eévnetnega viharjacg, ki nastane po pogkodhbi
zdravl | jenja uporabl jamo pri politravmati zir
travmatologijiforto p e d i j i vel jo gkodo preprelijo m z| asn
natan|lno ostranitvijo neprekrvljenih kostnih odl
VI oga plastilne kirurgije pri Kirurgiijdi preprelj |
rane mehkih tkiv.

Ustreznaekscizi j a rane mehkih tkiv je kljulni poseg pl
stopala. Vedno naj jo izvaja najbol]j i zkugen pl &
| i st a. Kadar to ni mogol e, je potr ebPoaksgzip novna
rano zalasno pokrijemo s prevezo al:i jo zaglit
negativnim tl akom. N i dokazov, da je zdravljenj
preveze. Uporaba zdravljenja z nedat igureivm | tol azkagpm
predvsem infekcijo globokih tkiv in zapletov pov
ABSTRACT

Damage control surgery aims to preserve life by controlling blood loss and prevent life

threatening systemic complications by avoiding major surgery during the éi nf | ammat or
storm¢ which follows the trauma and the first s
in politraumatized/polimorbid patients. In orthopaedic/trauma patients damage control is

achieved by provisionally stabilizing fractures by external bone fixation and providing

accurate bone debridement.

Plastic surgery input in damage control surgery of open lower leg and foot fractures consists
of the soft tissue wound excision and temporary wound closure. Appropriate soft tissue
wound excision is the key procedure in the treatment of open fractures of the lower leg and
foot. It should always be done by the most senior plastic surgeon. After the wound excision
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the wound should be macroscopically <c¢lean.

wound excision is necessary. The wound after excision is then provisionally covered by a
dressing or negative pressure wound therapy. Evidence shows no benefit of negative
pressure wound therapy over conventional dressings. Using negative pressure wound
therapy for more than a week after injury increases complication rates in terms of deep
infection and flap complications.

INTRODUCTION

Damage control orthopedics (DCO) is a concept of management of orthopedic
injuries in cardio-circulatory unstable trauma patients that has emergfed in the last
two decades.

DCO is aimed to improve survival by

following polytrauma which may happen if complex surgery is conducted in the first
week after injury and initial surgical treatment and consists of a systemic
inflammatory response (elevated levels of IL-6), damage to capillary network and
interstitial edema leading to multiorgan failure!. DCO replaced the early total care
(ETC) concept which consisted of full reconstruction as soon as possible after the
injury by emergency free tissue transfer (on the day of the injury after wound

avoli

Wh e

di

excision and definitive fracture fixation)

reconstruction with debridement and temporary fracture fixation in first stage and
definitive fracture fixation and free flap transfer for wound closure in the second
session 72 hours after the first session).?*

DCO is, an extension of damage contro surgery (DCS) and consists of controlling
blood loss by provisional (not definitive) stabilization of fractured bones (by spanning
external fixation).

In the last five years the same philosophy has been introduced into the management
of some patients with complex soft tissue injuries of lower extremities*”.

Damage control of soft tissues consists of adequate soft tissue wound excision
performed by a consultant palstic surgeon and coverage of the wound by the
temporary wound dressings or negative pressure wound therapy (NPWT).

METHODS AND DISCUSSION
WOUND EXCISION

Early accurate wound excision is the most important surgical step in treatment of
lower limb open fractures.
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After application of a tourniquet and a pre-wash, following induction in anesthersia in
the anesthetic room, which serves to identify all possible other injuries to the limb
that were not apparent, aimed to maintain the cleanliness of the operating theatre,
the patient is brought into the operating room, put on the operating table and the
extremity is scrubbed following the skin antisepsis protocol with an alcoholic
clorhexidine solution. Wound excision is performed by a separated set of instruments
which are removed from the OR after the end of wound excision.

To be able to visualize the entire zone of injury, the wound may be extended by
incisions corresponding to fasciotomy lines, usually the medial fasciotomy line, which
preserves perforators from posterior tibial artery, permitts decompression of the two
posterior compartments and access to the recipient vessels in case of eventual free
tissue transfer.

The approach to wound excision must be systematic starting with incision through
non-damaged skin and proceeding from periphery to center of the wound and from
superficial to deep tissues. It removes all devitalised muscle, foreign material and
avascular bone fragments driven through tissues by the energy which caused the
accident. Marginally or potentially viable tissues, unless critical (blood vessels and
nerves) are removed. Inflation of the tourniquet minimizes blood loss and avoids
bood staining but changes criteria for identification of devitalized tissues and has to
be released after 90 minutes to prevent ischemia-reperfusion injury. After releasing
the tourniquet the vitality of tissues has to be reasessed and further wound excision
of non-bleeding tissues should be carried out.

Signs of poor skin viability iclude fixed staining and thrombosed subcutaneous veins.
Degloved skin should be cut to the well bleeding margins. Any contusion or
compression of subcutaneous fat can cause loss of fat viability, so it should be
removed. Vitality of muscles is assessed by the exam of its colour, contractility,
consistency and capacity to bleed. Neither of these four factors was found to
correlate with histologic proofs of vitality. Over-excision can lead to functional
impairment, retaining dead muscle leads to septic complications.

After finishing the soft tissue debridement the orthopedic surgeon performs bone
debridement.

Sometimes the vitality of damaged tissues is difficult to assess and a second-look
debrtidement is necessary 24-48 hours later. Serial wound excisions are not
necessary.

At the end of the wound excision the wound should look like an elective surgical
wound.

Before starting the bone fixation,the extremity is surgically cleaned again and
redraped and the wound is re-classified using the Gustilo-Anderson classification.
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At this point only, the joint decision is made by the two conslutants, about the type of
provisional or definitive fracture fixation, as well as the timing and type of soft tissue
cover. Internal bone fixation requires simultaneous (free)flap coverage. Provisional
(spanning) external fixation permitts application of a temporary wound closure
(NPWT-negative pressure wound therapy) until definitive internal fracture fixation.
Such an approach is particularly useful in polytraumatized patients to avoid the
esecond hitgcg.

TEMPORARY WOUND DRESSINGS AND NEGATIVE PRESSURE WOUND
THERAPY

Temporary dressings protect the wound from the time of injury to the definitive
wound closure. Contrary to the popular beleif that the wound, contamianted at the
site of injury, develops deep infection because of the germs present there, the
evidence shows that 92% of deep infections is caused by nosocomial bacteria from
the hospitals®. The exceptions are the germs present in farmyard and aquatic injuries
which require immediate debridement.

The NICE 2016 guidelines suggest the use of a simple first dressing consisting of
gauze moist with normal saline and covered by an adherent film. Such a dressing
aims to prevent wound dessication and maintain tissue viability”®. After wound
excision however, in cases where immediate soft tissue coverage is not an option, a
simple non-adherent dressing is recommended instead of NPWT (VAC).

Evidence shows no benefit of NPWT over the recommended dressings. A
multicenter randomized controlled study compared standard dressings to NPWT in
lower leg open fractures and found no difference in deep surgical site infection rates.
Further, NPWT was not cost-effective in improving outcomes®.Prolonged use (longer
than 72 hours ) of NPWT can lead to deep infection, metal infection and to increased
rate of flap complications with operating room takebacks'®. To resume: NPWT has
no benefit over standard dressings™*.

NPWT may be still usefull in polytraumatized patients hospitalized in ICUs waiting for
the post-injury systemic inflammation to pass by before definitive fracture fixation
and wound closure by a flap is undertaken.

CONCLUSION

Plastic surgery input in damage control surgery of open lower leg and foot fractures
consists of the soft tissue wound excision and temporary wound closure. Appropriate
soft tissue wound excision is the key procedure in the treatment of open fractures of
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the lower leg and foot. It should always be done by the most senior plastic surgeon.

After the wound excision the wound should be macroscopically clean. When this is

i mpossi ble a esecond | ook¢ wound excision i :
is then provisionally covered by a dressing or negative pressure wound therapy.

Evidence shows no benefit of negative pressure wound therapy over conventional

dressings. Using negative pressure wound therapy for more than a week after injury

increases complication rates in terms of deep infection and flap complications.
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AKUTNI SINDROM UTESNJENIH
FASCIJALNIH PROSTOROV
(KOMPARTMENT SINDROM) NA GOLENI IN
POGKODBE ZARA®DKAWAZERNJ
(DEGLOVING)

ACUTE LOWER LEG COMPARTMENT
SYNDROME (ALLCS) AND DEGLOVING
INJURIES

Zoran M. Arneg

Kl'julne besede:
Ut esnjen zaprt migilni prostor, meritve tlaka v
dekompresijas f aci ot omijo, odprto in zaplatakel,r azr okavi |

k1l asi f i k dager, jndocy@dnmergregn test

Key words:
Muscle compartments, intra-compartment pressure measurement, decompression by
fasciotomies, open and closed degloving, Morel-Laval |l e | esi on, Arneg and

classification, indocyanine-green test

| ZVLEL EK

Akutni sindrom utesnjenih fascialnih prostorov
diagnozi in zdravljenju, lahko privede do slabe prekrvijenosti in kasneje nekroze mi gi ¢ v
prizadetem fascialnem prostoru ter akutne odpo
di agnoze je pri budni h bol ni ki h neznosna bol el
diagnozo postavimo objektivho z meritvami tlaka v fascialnem prostoru. Kadar je ta >130

mm Hg, so potrebne fasciotomije. Fasciotomije je potrebno opraviti preden pride do ishemije

in nekroze um gic Za&8Bl et ku bolelin).

Pogkodbe zaradi razrokavilenja olupijomehka t ki
tegko izamej predvidet. vitalnost olupljene koge
razrokavilenje v velih plasteh in okold]i cel ega c
odprtim zIl omom, l ahko prilakujemo sl abjppmga celj en
I ntravenska aplikacija indocianinskega zelenil e
mrtvega tKkiva. Zdravljenje sestoji iz odstranit
mehkih tkiv al.i pa wuporabo koge kot preghodnist i proe
odstranituvi magl evj a. Pri razrokavilenjih, ki y
celega oboda uda | ahko prilakujemo sl abo celjenj
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ABSTRACT

Acute lover leg compartment syndrome is a serious surgical complication which, if not
diagnosed and treated promptly, leads to ischemia and later necrosis of muscles within the
involved compartment and possibly to acute renal failure and death. The clue to early
diagnosis is excruciating pain in awake patients. The diagnosis in ICU patients is made
objectively by measuring intra-compartment pressure. Fasciotomies are required with
ICP>130 mm Hg. Fasciotomies should be performed as soon as possible, before muscle
death occurs (between 3 and 6 hours after onset). The diagnosis in ICU patients is made
objectively by measuring intra-compartment pressure. Fasciotomies are required with
ICP>130 mm Hg.

Degloving injuries peel-off soft tissues from fascia or/and bone. It is difficult to assess and
predict the viability of degloved tissues. This is true in particular for multiplanar
circumferential degloving. When combined with open fractures, degloving leads to higher
infection rates and poorer outcomes. Intravenous application of indocyanine-green helps to
differentiate viable from dead tissue. All not vascularized degloved tissue should be excised
or converted into a full thickness skin graft. Poor healing should be expected in
circumferential multiplane degloving injuries.

ACUTE LOWER LEG COMPARTMENT SYNDROME (ALLCS)
INTRODUCTION

Groups of lower leg muscles with their nutrient blood vessels and nerves are
contained in four muscle compartments (anterior, lateral, superficial, and deep
posterior). Compartments are closed spaces surrounded by inelastic fascia and
bone. Any increase or decrease of compartment volume can compromise the
nutrient blood supply to the muscles and nerves within the compartment and cause
an acute limb and life-threatening ischemia from massive muscle necrosis and renal
failure. Such a condition, described in 1881 by Richard von Volkmann, is called
acute compartment syndrome and occurs when the tissue pressure exceeds the
perfusion pressure.™?

CAUSES

ALLCS may result from a variety of causes, which either increase or reduce the
compartment volume. Fractures, dislocations, injuries to blood vessels with
ischemia-reperfusion damage, bleeding, soft tissue crush, and burns increase the
compartment volume. Circumferential burns, tight casts or dressings, and long-
lasting limb positioning reduce it.>** Two-thirds of lower leg compartment syndromes
develop after fractures, most often tibial, and 30% after vascular injury.> Anterior and
deep posterior compartment of the lower leg are most commonly affected.®
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MECHANISM

The pressure within a fixed-volume compartment (intracompartimental pressure)
may rise because of fluid (blood, interstitial fluid) introduction in the compartment
(volume increase) or because of an external force applied to the compartment which
reduces its volume. Both mechanisms decrease tissue perfusion and reduce the
oxygen supply necessary for cellular metabolism. Tissue perfusion depends on the
capillary perfusion pressure (typically 25 mm Hg) and interstitial fluid pressure
(typically 5-7 mm Hg). Any increase of intra-compartment pressure causes a rise in
venous pressure. When venous pressure equals the capillary perfusion pressure, the
blood flow through the capillaries stops. Capillary blood flow stops with intra-
compartment pressures higher than 30 mm Hg. Only a prompt fasciotomy can
prevent tissue hypoxia by increasing the volume of the compartment. Tissue hypoxia
is characterized by the accumulation of lactic acid and dysfunction of the energy-
dependent Na+/K+ pump, which causes disbalance of the osmolar gradient and
secondary edema with a further rise of intra-compartment pressure and ischemia.

Ischemia generates production of oxygen free radical superoxide causing permanent
ti ssue damargef lammwWic émloenomenon.

Reperfusion of an ischemic compartment brings more oxygen to tissues. Oxygen
reacts with hypoxanthine to produce more superoxide. Free radicals interact with
hemoglobin of red blood cells and form highly toxic hydroxyl radicals. These radicals
promote platelet aggregation and blood clotting in small vessels.’

DIAGNOSIS

The diagnosis of ALLCS is established by medical history and physical exam. It is
confirmed objectively by measurement of intracompartimental pressure. The crucial
sign for the diagnosis of ALLCS is excruciating pain at rest or with passive stretch in
the extremity after trauma or surgery. Every patient should be asked about the
mechanism of injury; ALLCS is more probable with high-energy injuries.

We should rule out also comorbidities requiring anticoagulation treatment. The
surgeon should not forget the classic 6Ps (pain, pallor, poikilothermia, paresthesia,
paralysis, pulselessness). The likelihood of ALLCS increases with more symptoms
being present (two: 68%, three: 93%, four: 98%).°

Physical examinations have to be serial to detect early, more severe clinical signs
and promptly start surgical decompression by fasciotomy.

We always compare the affected limb with the contralateral (non-affected) one. Pain
on the passive stretch is the earliest and most sensitive sign of ALLCS.
Pulselessness and paralysis are late signs. Paresthesia are early signs of nerve
ischemia.

67



Laboratory studies are of little help for early diagnosis of ALLCS; so is imaging (plain
X-rays can identify a fracture!).

ICP pressures of more than 30 mm Hg or perfusion pressures (difference between
diastolic and intra-compartment pressure) of 30-45 mm Hg lasting 2 hours or more
are diagnostic for ALLCS and require immediate fasciotomies. Standard ICP is < 10
mm Hg when measured less than 5 cm from the fracture site. Measurements of ICP
are recommended in tibial diaphysis fractures, high-energy fractures of the tibial
metaphysis, and in youngsters with bleeding disorders or severe crush injury of soft
tissues®.

TREATMENT

The treatment should start as soon as the diagnosis of an ALLCS is thought possible
or is established by ICP measurements since muscle necrosis begins within 3 hours
of injury. At six hours post-injury, it becomes irreversible.® Decompression of all four
lower leg muscle compartments by fasciotomy remains the definitive surgical therapy
of ALLCS. It can be therapeutic or prophylactic (high-risk patients after lower leg
reperfusion after prolonged ischemia). Surgeons can perform fasciotomy via two
(medial and lateral) or one only incision.

Postoperative treatment should reduce pain and cover the wound, usually left open,
by occlusive (silver) dressing or NPWT.

59% of fasciotomy wounds are covered by delayed primary closure and 26% by
split-thickness skin grafts.°

COMPLICATIONS

The complications include Volkmann's ischemic contracture, limb loss, scarring with
the esthetic deficit, nerve damage, renal failure, and death.

OUTCOMES

The outcomes are related to delay in diagnosis and decompression. We can expect
almost complete recovery if the fasciotomy is performed less than 6 hours of the
injury.** However, performing fasciotomies can leave permanent long-term morbidity:
altered sensation near the wound margins, dry skin and pruritus, swollen limbs,
recurrent ulceration, and muscle herniation.*
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DEGLOVING INJURIES
INTRODUCTION

Degloving injuries result when one or more forces, such as torsion, crush, avulsion
or friction, act on the skin surface of the different parts of the body. Such action
causes, depending on the magnitude of the energy involved, shearing of tissues in
one or multiple tissue planes. In uniplanar injuries, tissues are degloved between the
subcutaneous fat and deep fascia. In multiplanar injuries, disruption also happens
within and between muscle groups and between muscle groups and bone. The
mechanism damages all perforators (muscular and septal) and direct cutaneous
vessels that feed the dermal plexus causing necrosis of the avulsed skin.

The onset of the necrosis may be immediate or evolving, starting with venous
congestion and infiltration of inflammatory cells and finishing with the production of
pro-inflammatory cytokines and free radicals.

DISCUSSION

The degloving can be closed or open. Open degloving causes the formation of
distally based skin/soft tissue flaps, which, by rule, are poorly perfused and proceed
towards necrosis. Multiplanar degloving can be caused by open fractures often seen
in high-energy extremity injuries. Traumatic closed degloving with fluid collection
beneath the degloved skin near the proximal thigh is called the Morel-Lavalle lesion.

The problem in treating the degloving injuries is the assessment of the viability of the
degloved skin and establishing safe excision margins of the non-viable skin to be
removed. Intravenous fluorescein or indo-cyanine green are useful means to
establish the perfusion (viability) of the avulsed tissues accurately but require costly
special equipment, have low specificity, and can (rarely) cause anaphylaxis.*® The
second problem is that it is tough to expect primary healing in reconstructing soft
tissue defects following excision of the degloved skin in multiplanar injuries either by
split-thickness skin grafts or by free tissue transfer. For these reasons, in degloving,
conservative treatment by negative pressure wound therapy is the way to go before
final wound closure.

CLASSIFICATION

The Arneg and Tyl er Classification differenti
localized degloving, non-circumferential single plane degloving, and circumferential
single and multiplane degloving.

Pattern 1 is usually an open injury, an abrasion, or a soft tissue defect.
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Patterns 2 and 3 are usually closed degloving injuries, and pattern 4 is usually an
open wound.

Circumferentially degloved skin is usually necrotic. Extensive circumferential
degloving in multiple planes associated with an open segmental fracture of tibia
requires serious collegial consideration of primary amputation.

SURGICAL THERAPY

Surgical therapy of degloving injuries consists of excision of all necrotic (non-viable)
skin and coverage by split-thickness or full-thickness skin grafts. These can be
harvested from the avulsed skin when not bruised or friction burnt, or from the
specific split-thickness graft donor sites (thigh). Smaller defects can be covered by
full-thickness skin grafts taken from the avulsed flap skin or the groin region.

Any fracture requires (free) flap coverage. Timing is essential; all open fractures
should be covered by 72 hours after injury. Between the first debridement, which
should be done within 12 hours after injury and definitive wound closure, the wound
should be sealed by NPWT (VAC). Application of VAC over split-thickness skin
grafts ensures better adhesion of grafts to (sometimes irregular) the recipient bed
and increases the graft take.

Closed degloving is a particular problem since it occurs most often with polytrauma
patients. In these injuries, called Morel-Lavalle injuries, the subdermal fat is sheared
from the deep fascia. It is associated with a fluid collection containing blood, lymph,
and necrotic fat. It is prone to infection when associated with a fracture. Morel-
Lavalle lesions should be diagnosed early by MRI and promptly treated to prevent
infection, skin necrosis, and recurrence. Treatment with aspiration leads to many
repeats. When the accumulation is >50 ml, the best treatment is surgical therapy***.

CONCLUSION

Acute lover leg compartment syndrome is a serious surgical complication which, if
not diagnosed and treated promptly, leads to ischemia and later necrosis of muscles
within the involved compartment and possibly to acute renal failure and death. The
clue to early diagnosis is excruciating pain in awake patients. Fasciotomies should
be performed as soon as possible, before muscle death occurs (between 3 and 6
hours after onset). The diagnosis in ICU patients is made objectively by measuring
intra-compartment pressure. Fasciotomies are required with ICP>130 mmHg.

Degloving injuries peel-off soft tissues from fascia or/and bone. It is difficult to assess
and predict the viability of degloved tissues. This is true in particular for multiplanar
circumferential degloving. When combined with open fractures, degloving leads to
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higher infection rates and poorer outcomes. Intravenous application of indocyanine-
green helps to differentiate viable from dead tissue. All not vascularized degloved
tissue should be excised or converted into a full thickness skin graft. Poor healing
should be expected in circumferential multiplane degloving injuries.
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REKONSTRUKCIJA MEHKIH TKIV

SOFT TISSUE INJURY AND
RECONSTRUCTION

Vittorio Ramella

Kl'jul ne besede:
Spodnja okonlina, rekonsegekijc,jmi kmedaki hut i va pr

Key words:
Lower limb, soft tissue reconstruction, free flap, microsurgery

ABSTRACT

Lower limb open fractures (LLOF) treatment represents a major challenge. The
timing for flap reconstruction remains controversial even if it is considered of
fundamental importance for limb salvage.

The type of soft tissue reconstruction range from skin graft to free flap
reconstruction, based on the type of the defect. When dealing with LLOF, with
internal fixation and bone exposure, generally the gold standard is represented by a
flap reconstruction. The type of flap needs to be chosen considering the anatomic
region to be reconstructed and the characteristics of the defect; there is no
substantial difference between a muscular or a fascio-cutaneous flap, even though
when dealing with circumferential defects, a muscle flap reconstruction appears to
be more indicated.

The other consideration to be taken into account is about the donor site vessels as
this can largely influence the flap choice (due to the consideration of the pedicle
length and diameters). In addition, based on the clinical situation of the injured leg,
the type of anastomosis needs to be decided for each case.

When the reconstruction is performed, it is of paramount importance, an adequate
post-operative care, including free flap surveillance which can be performed ranging
from clinical to instrumental monitoring.
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POGKODBA GI VCEV

INJURY OF THE NERVES

Michele Maruccia, Rossella Elia
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| ZVLEL EK

Ll anek temel]ji na pregledu |l ankov in na | astni
perifernih g¢givcev. LIl anek obravnava vzrolne dej
razl is|ltneemesirazvr gl anja pogkodb, pristope k takgn
pogkodb ¢givcev okonlin.

ABSTRACT

This article is based on I|Iiterature review of

experiences in treating peripheral nerve injuries. The article deals with causative factors of
lower limb nerve injuries, various grading systems of the injuries, approaches to such
injuries, and technigqgues to repair | imbsdé nerve

INTRODUCTION

Trauma of the extremities is often combined with additional peripheral nerve injury
(PNI). PNI are encountered in 2-5% of all trauma patients’. Traumatic or iatrogenic
nerve injuries increase morbidity and affect functional outcomes. The rate of
spontaneous recovery is highly variable. Several factors influence the final outcome,
including the nerve involved, the site of the lesion, the extent of injury and the timing
of treatment.

The mechanisms of traumatic nerve injury are several. Simple lacerations are
perhaps the easiest to manage because the nerve ends can often be primarily
repaired. This is in contrast to segmental loss, crush, compression, and stretch
events, which frequently result in a large zone of injury and are difficult to manage.
Traction is one of the most common mechanisms associated with traumatic and
iatrogenic nerve injuries. It has been shown that stretch of as little as 6% of nerve
length can disrupt the blood supply and lead to injury?.

latrogenic nerve injury can also be related to sutures, injections, and orthopedic
hardware®. Lengthening can be an additional etiologic factor; for example, 2.7 cm to
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4.4 cm is thought to be a threshold for causing sciatic nerve injury. Tourniquet
application has been implicated; animal studies demonstrate perineurial edema after
2 to 4 hours of compression and irreversible loss of nerve function after 6 to 8 hours.
Two hours appears to be a safe time frame, as microcirculation is rapidly restored.

MAIN PART
CLASSIFICATION OF NERVE INJURIES

Nerve injuries can be classified based on their degree of damage and the
components of the nerve that have been affected. An additional classification which
provides another algorithmic approach of treatment is based on the mechanism of
injury: open vs closed, penetrating injuries, avulsion or crush injuries, stretch and
avulsion injuries.

Sunderland* and Seddon® grouped nerve injuries into five grades according to the
disrupted internal structures. Mackinnon and Dellon® added a sixth degree of injury,
which is a mixed injury and likely more applicable in most clinical settings. The
severity of the injury progresses from minimal derangement of the axon in
neurapraxia (first degree) to complete disruption of all neural structures in
neurotmesis (fifth degree). Degree 1 and 2 injuries recover spontaneously with
function that is far better than that achieved with surgical reconstruction. Degree 3
injuries also recover spontaneously to a more variable degree, although generally
without the need for surgery. Degree 4 and 5 injuries will not recover without repair.
Degree 6 injuries recover to variable degrees, depending on the relative degrees of
injury involved.

In penetrating trauma, the likelihood that a nerve is partially or totally transected is
high and concomitant injuries to adjacent structures (i.e. blood vessels, tendon,
muscle) are very frequent. These kinds of injuries should be explored within 72
hours. Besides, the further from the time of injury, the more difficult mobilization of
the proximal and distal ends to coapt primarily becomes.

Blunt penetrating and blast injuries are often managed conservatively similar to
closed crush and traction injuries.

Minor crush injuries are often complicated by increased internal pressure, causing
temporary neurapraxia which is usually treated conservatively. Still, two scenarios
are related with crush injuries and are worth of mention. First, the most severe
consequence of a soft tissue crush injury is the progression to a compartment
syndrome, which is a surgical emergency. Second, a muscle necrosis can occur due
to the local muscle destruction, as muscle tissue is more susceptible to external
forces than the nerves that are fairly resistant due to their elasticity.
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Stretch and avulsion injuries can cause avulsion of the nerves from their proximal
origin. This evidence is usually related to high energy, high impact injuries that are
often associated with life-threatening diseases which take precedence over the
repair of the nerve.

CLINICAL ASSESSMENT AND TIMING OF REPAIR/EXPLORATION

In acute injury, the objectives of the clinician are to recognize the mere fact of nerve
injury and to determine the nerve or the nerves affected, the level or levels of injury,
and the extent and depth of the lesion or lesions, and this task is not always easy.
History and physical examination remain the mainstay to diagnose a peripheral
nerve injury. Moving and static two-point discrimination, sharp and dull
discrimination, grading of grip and pinch strength should be tested and recorded pre-
operatively. The role of imaging in the clinical assessment of nerve injuries is more
controversial. The use of improved imaging techniques, especially high-quality
ultrasound and MRI, does allow for a better visualization of the area of nerve injury,
particularly to image nerve disconnection and/or likely laceration. Indeed, resolution
of ultrasound in particular can render the anatomical details of nerve discontinuity at
even a fascicular level’.

The timing of repair is critical: by 2 years, fibrotic replacement of denervated muscles
in generally complete®, limiting further treatment to orthopedic approaches such as
tendon transfer and joint fixation ( it i me i <A langa Isodyl okadimal literature
as well as circumstantial patient literature with regard to timing of nerve repair and
outcomes underscores the fact that outcomes are greatly improved when nerve
repair is undertaken earlier. Patients with an index of suspicion for nerve transection
should be explored within 72 hours. The longer the time from injury, the less likely
that a primary neurorrhaphy can be achieved, even with significant mobilization of
the proximal and distal nerve ends.

However, if a nerve can regenerate satisfactorily on its own (Sunderland grade 2
injuries and some grade 3 injuries), then the outcome of spontaneous recovery is
generally excellent, compared with the modest outcomes of nerve repair. For this
reason, most surgeons wait several months before undertaking exploration of nerve
injuries in continuity, and appropriately so.

Penetrating injuries should be explored within 72 yours. Closed traction injuries,
partial avulsion and crush injuries are more difficult to evaluate and waiting 3 to 4
months with clinical and electrodiagnostic examinations is advocated. After this time
interval, if there is no evidence of recovery in terms of motor unit potentials, surgical
exploration is warranted.
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SURGICAL TREATMENT

Direct nerve repair with epineural microsutures is still the gold standard surgical
treatment for severe axonotmesis and neurotmesis injuries. Epineural repair is
performed when a tension-free coaptation can be achieved in a well-vascularized
bed which was developed by Millesi. Other repairs include grouped fascicular repair
requiring intranerve dissection and direct matching and suturing of fascicular groups.
This is more practical distally in a major peripheral limb nerve. However, the
theoretical advantages of better fascicle alignment with this technique are offset by
increased trauma and scarring to the healing nerve internally due to the presence of
permanent sutures. Despite its anatomical attractiveness, overall group fascicular
repair is no better than epineural repair in functional outcomes”®.

Postoperatively nerve repairs should be protected by immobilization for 10-14 days
and sometimes surgeons advocate up to six-weeks depending on the nerve injury
severity and cause'®. After this period full passive and active range of motion is
initiated for rehabilitation. Postoperatively axons may take time to learn how to
process new information especially following sensory nerves'!. Age is the most vital
factor to determine the outcome of nerve repair and can account for 50% of the
variance in success. One reason why regeneration following surgical repair is often
incomplete is related to the fact the axotomized nerve need to cross the coaptation
site which occurs in a random manner*?. Another challenge affected adequate repair
is the misalignment of the motor and sensory axons™>.

In the event that a primary repair is not possible, mobilization of the proximal and/or
distal nerve stump may overcome a small gap (<5mm).

If primary repair by mobilization cannot be achieved, there are several technigues to
address the resultant nerve gap. The most common technique is interpositional
nerve grafting. Autologous nerve grafts are the gold standard as they provide original
internal scaffold holding with hundreds to thousands of basal lamina tubes to support
Schwann cell and axon migration. Nerve allografts have demonstrated clinical utility
in repairing extensive peripheral nerve injuries where there is a paucity of donor
nerve material*.

Numerous conduits have also been described but none of these have demonstrated
equivalent or superior outcomes to autografts for gaps greater than 3 cm. Conduits
can be categorized as autogenous biological, nonautogenous biological, or
nonbiological®.

Over the past decade, there has been a shift towards the use of nerve transfers in
the restoration of function following nerve injury. It is usually reserved for important
motor nerve reconstruction although it can equally be applied to critical sensory
nerves. In 2011, Garg et al*® performed a systematic analysis that demonstrated that
in patients with complete traumatic upper brachial plexus injuries of C5-C6, the
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pooled international data strongly favors dual nerve transfer over traditional nerve
grafting for restoration of improved shoulder and elbow function.

THE INSENSATE FOOT: TO AMPUTATE OR NOT TO AMPUTATE?

This topic has long been the subject of debate, i.e. whether serious nerve injuries
were an indication for amputation.

Many injury severity scores for the lower limb have been developed, including the
Mangled Extremity Severity Score'’ the limb salvage index'?; the predictive salvage
index'®: the nerve injury, ischaemia, soft-tissue injury, skeletal injury, shock and age
of patient (NISSA) score?® and the Hannover fracture scale-97?*. The Mangled
Extremity Severity, NISSA, and Hannover fracture scale-97 scores are heavily
influenced by the results of the initial neurological examination®’. This can be
misleading since sensory impairment may be present in an acute injury due to
temporary ischemia, contusion or traction. There may be full recovery later. The
NISSA score added a nerve-injury component with the highest weight given to an
insensate sole, suggesting that a complete posterior tibial nerve injury is a definitive
indication for amputation.

However, surgeons in the developing world are well aware that patients with
Hansends di sease who have complete | oss of
successfully rehabilitated. The ability to have the functional use of the lower limb in

spite of severe injury of the posterior tibial nerve in other conditions, such as in

tumour surgery, has been well documented®?*.

One of the better studies to date on the subject of posterior tibial nerve injuries in
patients with severe lower extremity injuries was done through the Lower Extremity
Assessment Project (LEAP)?. Patients with severe lower extremity injuries with
absent plantar sensation at presentation were compared to patients with similar
injuries but intact plantar sensation. At 2 years after limb salvage there were no
differences in functional and quality of life outcomes; an equal proportion of patients
(55%) in both groups had normal plantar sensation. Though not specifically
assessed, it is likely that nerve injuries in the patients with absent plantar sensation
in the LEAP study were from neuropraxia and not frank disruption, thus explaining
the return of sensation at 2 years of follow-up. In the LEAP series, no patient with an
insensate foot underwent posterior tibial nerve exploration and repair.

An additional report from the Ganga Hospital team® aimed to assess outcomes of
limb salvage in a group of patients with severe lower extremity injuries associated
with posterior tibial nerve resection. The measures suggested similar functional
results after salvage of extremities with posterior tibial nerve repair in comparison to
lower limb salvage in the absence of nerve injury. Their results are consistent with
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the ones reported in literature, suggesting that limb salvage in patients with a definite
disruption of the tibial nerve is worthwhile.

PROGNOSIS

Several factors affect the success of nerve repair, including patient related factors
with the age as the most predominant, injury related factors (i.e. proximal injuries,
crush and avulsion injuries), repair related factors (timing of repair, surgical
technique). Briefly, the most important factor is getting as many motor axons to
target endplate in the shortest period of time possible.

CONCLUSIONS

Functional recovery after peripheral nerve repair has slowly improved since the
development of microsurgical repair techniques more than 50 years ago.
Nevertheless, many patients particularly with proximal nerve injuries suffer
incomplete recovery and lifelong disability. accurate diagnostics to assess nerve
injury in the acute setting is mandatory. Direct nerve repair yields the best results
and nerve autografts remain the gold standard treatment for nerve gaps.
Bioengineering continues to be a long term goal.
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INDIKACIJE ZA REPLANTACIJO SPODNJIH
EKSTREMITET

LOWER LIMB REPLANTATION INDICATIONS
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| ZVLELEK

Amputacije spodnjih udov so posledica visoko e
nesr el z razlilni mi stroji al i vojnih podgkodb.

obilajno cona pogkodbe giroka, vel|l plastna in pri
politravme. Ob gl adki h amputacijah je replantaci
skel et a, revaskul arizacij o, rekadrstirnu kkooigjncee gpo ¢pkoc
ter fasciotomijami na replantiranem delu, v osnovi podoben replantaciji zgornje ekstremitete.

Bi stvena razlika pa je v funkcionalni kompl ek s
zgornje ekstremitete j e n a mategel, reprmtirang smdn@nt a bo
ekstremiteta pa mora biti naj man|j senzibil na, d
pri mer. Sso izjema, zato so tudi replantacije sp
gtevilne Kkriterije,sda&megvapldpearjac injas kuesgpae gpnoossetg a ,

funkcionalni rezultat. Pacient mora biti seznanjen z zahtevnostjo in s tveganji posega, z

mogni mi in verjetnimi zapl et po posegu, S potr
okrevanj u. Rael popeiv@aujtejrgikriterijev, ki bi ol
za primarno oblikovanje krna, vendar nobena shei
treba gl ede na ¢gelje pacienta, njegovo starost
priduene pogkodbe, nivo in mehanizem pogkodbe, t
pogkodbe skel et a i n me hki h t ki v ter gl ede na
regeneracije po rekonstrukciij:i struktur. Gl ede
predvidetigt evi |l ne naknadne posege v smislu dodatnih
posegov na skeletu zaradi di skrepance v dol gini
mognost sistemskih in givljenje ogrogedpiih zaj
otrocih, pri obojestranskih ali wveludnih amputac
ABSTRACT

Lower extremity amputations are a result of high energy injuries in traffic or work related
accidents or war injuries. Following the mechanism of injury a wide multilayer and primarily
heavily contaminated zone of tissue damage is present, usually in polytraumatized patient.
In case of narrow injury zone amputation the replantation can be straightforward procedure
with necrectomy , bone fixation, reconstruction of vesels, nerves, muscle-tendon units and
soft tissue covering, followed by fasciotomies on replanted part, as in upper extremity
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replantation. But major difference between both is a functional complexity. Any function in
upper extremity is better than prosthesis, but a replanted foot has to gain at least a sensible
sole, otherwise it is worse than prosthesis. Such cases are exceptions, therefore lower
extemity replantations are rare. One should consider many criteria for successful operation
and even more important, the final functional result. The patient has to be informed with the
complex surgical procedure, perioperative complications and the need for additional
procedures and a long-term rehabilitation. Different authors use varios criteria to decide
whether to replant or form a primary stump, but neither scheme is perfect. The patient's
wishes, age, his general health state, possible concomitant injuries, a level and mechanism
of injury, a time of cold ischaemia, a degree of skeletal and soft tissue injury and the
possibility of sensory and motoric gain after nerve reconstruction should all be taken in
consideration. We should also predict many subsequent procedures such as necrectomies,
defect coverings by flaps, bone surgeries due to discrepancies in lenght, bone infection
treatments and also various life threatening conditions. Nevertheless, replantations are
indicated in children and in case of bilateral or multilimb amputatins.

UvOoD

Hude pogkodbe ekstremitet, tudi amputacije,
pokgjodb se spreminjajo in danes so0 tovrstne g
ener gi j vV promet u, mehani zacije delovni h pr
vojne pogkodbe. Redko gre za gladko odrezar
pogkodba powzracliijoamda al i vel jo ali manj g
(zmel kanina vseh struktur segment a, def ekt &
ali vseh struktur i kost i, mi gi ce, gilno ¢givline struk
neprekrvljenost ali avitalnost distalne ga del a wuda. Direkten wuline
se potencira zaradi okvarjene kapilarne per
l okal no hi poksij o, i s h emPride doiaktivadijee wnetrbho | i | n e
mediatorjev (histamina, citokinov, metabolitov arahidonske kisline?, povela se
per meabil nost kapil ar, ki vodi V interstici
oteguje tkivno perfuzijo in zalaran krog | e

bila tako]j po pogkodbirgze vi tadtmia, ppokadbeéi
odgovor na lokalno dogajanje je lahko sindrom multiorganske odpovedi®.

Amputacija je | ahko popolna al:i pa gre za u
strukture v coni pogkodbe prekinpgnéeenlt akert
uda je treba odstraniti vsa nevitalna tkiva in rekonstruirati vse bistvene strukture. To

j e mogno napraviti, | e j e pacient za poseqg s

pravolasno transportiran Vv ust aemeplaotacip uUSpoOS
smiselna.

Zgodovinsko je prvo avtoreplantacijo zadnjih tac pri psu Hopfner izvedel leta 1903,

prva uspegna makroreplantacija pri 12 | etni
leta1962°>. Leto kasneje so v G&Gé&mdead| par @eplvant iprad
Ti posegi so bili revolucionarni, saj so de
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tehnilno sploh mogen. Kasneje pa se je poja

izbira za pacienta, ko teht amo aptetchedin@@ ni mi ¢
posegu (reperfuzijski sindr om, K i | ah’ko vod
potrebni mi gtevilni mi naknadni mi operacij ami
je lahko suboptimalen®. Pri makr or epl ant a tantgci@ hgorpjega od | ol i
uda, K i je funkcionalno bistveno kompl eksn
slednjega ge vedno bistvena senzibiliteta pc

v bistvu enak protezi.

Za uspegnost makr or e pl a a bsércai kina in angutilanegat v e n i

del a, stabilizacija pacienta in | imprejgniji
tovrstne posege, da se skrajga | as tako to
Potrebno je izkljuliti vse dr uigne sptoarejnac.i all e
odlolimo za replantacijo, j e poseg potrebno
maksi mum, K i daje upanje na wuspeh, tako gl e
stanja.

Bi stvena za uspeh je | im bol]j r modtiinfekciien a nek
prikaz ¢gil in givcev, potrebna je zadostna
arterij, posledica je nekaj izpiranja krvi iz amputiranega dela po venah distalnega

del a, kar zmanjga riziko reperfuzusfrezgnbega si
nadomegl at cirkulirajoli vol umen s pl azma
anastomozah ven (komitantnih -z ar adi kasnejgih nekrektomi ]
ranljive!) sledi rekonstrukcija kitho-mi gi | ni h enot in glavnih ¢i

i shemije so najvel krat potrebne fasciotomije

Po operaciji je pri pacientu potreben ustrezen nadzor - spremljanje krvnega tlaka,

EKG-ja, saturacije O,, diureze, plinske analize arterijske krvi, vrednosti kalija
(naragl anj e vr ednostinmigglobing, sam replantiranrdelpaasd t ki v )
spremlja kIl inil n-omali Daoppiekjeen. t udi z NI RS

L e S 0 replantacije prstov i n roke pogost e
replantacije spodnje ekstremitete ¢ge vedno
odlolitev o smiselnost:i replantacije spodn]j
sheme in t ol kmangldd kxtrem{tyMé® System), K i upogteva s
pacienta, krvni tlak (stopnja goka), | as 1ish
na ekstremiteto. Vel kot 7 tol k mboimmaoje vpl i ve
krna, slabost pa je, da ne upogteva nevrolog
Battistonov (2002) tolkovnik wupogteva | as i
tkiv. 8elojl« lkontivaindi kacija za f.eplantaci |
Bosse je 2001 primerjal 5 tolkovnih sistemo
ugotovi |, da so visoko specifilni gl ede pot e
mognosti pa rdzgo sereibilpi &9t napovedni dejavnik za amputacije ali

konlni funkctonalni rezultat
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KDAJ TOREJ REPLANTIRATI SPODNJO EKSTREMITETO?

Tehnilno j e z napredkom mikrokirurgiije, 0 S
marsikayj.

Amputacija distalne goleni z ma n j mi gi |l ne mase nosi ma n j t Ve
vel mognosti za funkcionalni wuspeh kot amput
vel mi gi c, mognost regeneracije @givcev pa m
pri 50 letih!). Roka je funkci onal no bi stveno bolj razvita
funkcija dovolj, da je boljga od kakrgne kol
drugale gre |l e za slabgo vitalno protezo.
Velinoma se replantacija noge 2z aolgatdhjnegav i soke
zdravljenja, slabih rEadevettigmt ov in visokih st
Le ne bomo dosegli senzibilnega podpl ata na
proteze in replantacija zato ni indicirana.
in je podplat stopala intakten, to lahko pomeni indikacijo za replantacijo. Relativhe
kontraindi kaciije za —replantacijo S0 | ahko
gi vl jenje ogrogujole pogkodbe, masiven def ek
tej npmged gprogkodbo.

Cavadas je porolal o seriji 13 p'jodkaterih ov s
je eden umr | za pljulno embolijo, velina os
tednih: hude nekroze mehkih tkiv (83 %), 90 % jih je potrebovalo kritje s prostimi

regnji (gracilis, ALT: Ssprednji stranski St
Poudarja nekrektomijo in zadostno skrajganje
direkten ¢i v ™tTakojj ka somameyzacelifej sv o @roksimalni metafizni
osteotomi|ji kosti el ongirali. Kadar j e bil
kompl i kaci j bi stveno vel, zato smatra, da | €

replantacijo®®.

Odl ol anje za replant aci j ajemautu morfa biti smiselro,n j e kr

hitro, po jasnih kriterijih. Le gre za pol.
prsnega koga al.i hi povolemilnim gokom, je ir
(élife bédfoEeakbmbe)ja, | édea pacoani npolipme
obolenja). Amputacija je na mestu, | e je hla

gre za obsegno globoko kontaminacijo tkiv.

l z tega |l ahko izluglimo indikacije za replan
ishemij e man|j kot 6 ur, | e ni gl oboke kont ami
kostni def ekt ma n j kot 15 cm in mognost re
kriterij)*.
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Le je sprejeta odlolitev za repl-aodstraniteyv | o, |
devitaliziranih tkiv, revaskularizacija, fiksacija skeleta in oskrba mehkih tkiv. Bistvena

je dobra ocena izkongewmebharapegreahasmtaeal pogk:
direktni coni pogkodbe ob pruvi nekrektomiji
kot se zdi ob samem sprejemu pacienta v reanimacijskem prostoru'®. Slabost

klasifikacij Gustilo-Ander son 1 n Tscherne | e, da sta od\
tor ej subjektivni gl ede ocene okvare mehkih
infektov. Gre za paciente s lll.c odprtim zlomom spodnje ekstremitete v smislu

popolne ali nepopolne amputacije z avitalnim distalnim delom uda.

Po radikalni nekrektomiji kosti in mehkih tkiv ostane segmentni defekt kosti (cona

kominucije), ki zahteva stabilizaciozzunanj i m fi ksaterjem, pl ogl
K gicami. |l dealna je direktna anastomoza a
venski presadek. Po wuspegni revaskul ari zaci

prigitem distalnemedelja uwdd, glae kjog Bi lua ei.sh

Pooperativno na spodnjem udu prilakujemo bi s
ki najbolj napredujejo v prvih 48 urah po posegu in zahtevajo dodatne nekrektomije v
dneh po replantaciji. Zato morebitne preostale mehkotkivhe defekte krijemo z

zal asni mi tkivni mi nadomest ki, po izliglenj
potrebno zgodnje kritje z regnji. Bol jga k
izliglene, prej je mogno defekte kriti z reg
Zat o ] e proi pogkodovancu z il zolirano pog
kontaminacije, trajanje ishemije pred sprejemom in obseg ter stopnja okvare mehkih

t ki v i n kosti (tangenci aldagwvingy eécalénerst,t n e p

zmel kani mpe,g kloldafaktdrji obrdtmo sorazmerno vplivajo na uspeh.

Hierner'® smatra, da je replantacija spodnje ekstremitete indicirana ob izpolnjenih

naslednjih kriterijih: brez globoke kont ami
hladne ishemije manj kot 4-6 ur, totalnas egment na i zguba tKkiv man
eno nivojska pogkodba z mognostjo rekonstru
Cilj je doseli funkcionalen ud.

Peta in podpl at nai b i se replantirala, k a

stopalu pa je kontroverzna.

Pri enostranski h amputacijah je indicirana ¢c
vliasih heterotopilna, ko je na eni ekstremit
na drugi pa gre za velik vmesni t k krnan i def
amputirani del p a ] e ohranjen. V takem pr
amputiranega dela &ene noge na ohranjen kKrn
amputiranih udov je |l ahko tudi ektopilna zal

telesa (pazduha, dimlie i €1 i mb b&nkidogt¢er krn po izligl
primeren za sekundarno replantacijo.
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Pri obsegni zmel kaninah (crush pogkodbah) \
amputacijo in formiranje krna, ki ima tudi lahko zaplete v smislu nekroz ali globokih

infektov, vendar jih je |l agje regiti. Tudi

in vrnitev na delo oziroma v so%jeddseglivosr edi n
l e z amputacijo. Okrevanje po r epbdatmh aci j i
operativnih posegov (nekrektomi]ij, kr'ftja d
bi stveno-ldbalnegeced) , hkrati pa je v]asih dc
podpl at a, kar rezultira % poj avi h trofil ni
zagotovljen®.

Redki primeri obojestranskih amputacij, zlasti pri otrocih, so lahko funkcionalno dokaj
uspeyniso pa tudi sicer indikacije pri otro
sposobnosti**,

Vsaka uspegna replantacijaglsepgonjng m ezt ti
prikrajgavi, K i se jo danes obilajno reguj
distrakcijo kosti, ki ji sledi osteoneogeneza.

Vse to zahteva | as ter veliko potrpljenja i
amputiranci in pacienti z replantirani mi udi dogiviijo
Sspremembe, S kater i mi se morajo soolati, z
pacienta ob pogkodbi tudi s tega vidika izre
Obstajajo tudi primeri alotransplantacij, ki pa so problemat i | ne zar adi pot
stal ni i munosupresiiji. Dokl er ta problem ne
redkost, indi kacija je najbrg | e adimpput aci j

amputacijacg).

ZAKLJUL EK

Replantacije spodnjih ekstremitet so v primerjavi z zgornjo, kjer je replantacija tudi
ob bistveno slabgem funkcionalnem rezultatu

redke. Funkcija amputacijskega krna je v pr
velinoma ge vedno superuitoarcng,i opkar ebviasntjvee nppo k
tudi vkl julitev pacienta nazaj v svojo delo
nazadnje je Vv primeru amputacije tudi cel o
polovico nigji. Repl ant a coigjadkih angutacijphdskozii r a n a
di st al ni del z ozkim segmentom okvare tkiyv,
ogrogujolih pogkodb in bolezenskih stanj, pr
amputaci j proi otroci h. Cilgmitetodozelob]| fua
podplatom.
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POGK ODB Ei DBAGNOSTIKA IN
ZDRAVLJENJE

VASCULAR INJURIES i DIAGNOSTICS AND
TREATMENT

Jug Kgel a

Kl'julne besede:
Pogkodba ¢gil, ¢gilna kirurgija, pogkodba spodnj e
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Vessel injury, vascular surgery, lower limb trauma, limb ischemia

| ZVLELEK

Oskrba pogkodb ogilja klinikom razlilnih specia
izziv, ge posebno kadar gre za solasne pogkodb
uspegen izzid zdravljenj a obpm in koerdinmemig meovadjens e | i s a
razlilnih zdravstvenih timov gtevilnih vej me di c
principe oskrbe bol ni kov S pogkodbami ogilja |
specialnosti slugi kdotavbjdehjpaprehupmgkopadaoyancey
regevanja givljenja in ohranjanja tkiv v najvel]
ABSTRACT

Management of vascular injuries, especially when they occur in combination with fractures,
extensive soft tissue loss, and nerve damage, remains extremely challenging. Successful
approach requires close coordination between various subspecialty services and a well-
coordinated management protocol according to institutional practice. This paper highlights
the basic principles of vascular injury management that can be used by health care
providers from a variety of backgrounds to save lives and limbs.

INTRODUCTION

Major vascular injuries following extremity trauma - comprising of penetrating injuries
(i.e. gunshot wounds, stabbing, etc.), blunt trauma (i.e. vehicles injury, work- and
sport-related trauma) or combination of both - are relatively rare in the civilian
settings since they account for only 1 - 3% of all extremity injuries reported in trauma
patients’™. On the contrary, in the battlefield settings, injuries to the lower extremities
are very common. In fact, the rate of vascular injury in modern combat is five times
than that reported in previous wars, with the majority involving proximal/major
vessels and nearly half requiring surgical repair and/or reconstruction®. Since
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vascular injury accounts for more than 20% of all trauma-related deaths, timely
hemorrhage control, focused evaluation and diagnostics and adequate surgical or
interventional management is needed to minimize mortality and morbidity in these
individuals™.

PRINCIPLES OF MANAGEMENT

Patients with vascular injuries, like all other trauma patients, should be cared for
according to the principles described in the Advanced Trauma Life Support
Program?. In addition, the management of vascular injuries focuses on some specific
goals including early hemorrhage control, minimization of distal ischemia, restoration
of perfusion, and prevention of compartment syndrome. Some of these issues are
discussed in more detail below:

HEMORRHAGE CONTROL

Vascular injuries of the extremities often present with massive bleeding (arterial,
venous, or both), which must be immediately controlled'®. The most effective
method depends upon the location or site of the injury, expertise level of the
caregiver, and the resources available. The basic maneuver of direct digital
compression works extremely well in most injuries and does not require any
sophisticated tools. This should, therefore, be the first step. In the pre-hospital
setting, more secure control can be obtained by prompt and proper application of
tourniquets. In addition, a number of advanced hemostatic dressings are now
available that can be used to pack the wound to help with hemorrhage control. Once
the patient reaches a facility where surgical expertise is available, additional
maneuvers can be performed (if needed) to control the source of hemorrhage
including application of vascular clamps to the injured vessels or deployment of
intraluminal occlusive balloons™?.

DAMAGE CONTROL RESUSCITATION

This approach advocates early hemorrhage control, permissive hypotension (until
control of hemorrhage), avoidance of crystalloids, and early use of blood
components such as fresh frozen plasma (FFP) and platelets (in 1:1 or 1:2 ratios)>®.
It should, however, be emphasized that high ratio protocols do not improve survival
in patients who do not require massive transfusion (<10 units of packed red blood
cells in 24 h). In fact, inappropriate infusion of plasma in patients who are not
massively bleeding may worsen the outcomes’. Recent studies have demonstrated
that early administration of tranexamic acid improves survival in trauma patients,
especially in the setting of massive blood loss®®. While the exact ratio of red blood
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cells to FFP and platelets may be debatable, contemporary resuscitation practices
have moved to early delivery of component therapy (and antifibrinolytics) in
massively bleeding patients. However, it should be emphasized that resuscitation is
an adjunct to early hemorrhage control and does not substitute surgical
intervention®®.

EVALUATION AND DIAGNOSTIC TESTS

Patients with hard signs of arterial injury (pulse deficit, pulsatile bleeding, bruit, thrill,
expanding hematoma) do not necessarily need vascular imaging studies before
operation and should be surgically explored as soon as possible (preferably within 6
h) to maximize the chances of life and limb salvage'®. This is especially true for
patients with penetrating trauma and hard signs, since the level of vascular injury
corresponds to the site of penetrating trauma in the vast majority of these individuals.
Patients with soft signs (history of pre-hospital blood loss, diminished pulses,
moderate hematoma, proximity to vessels, high risk fractures and/or dislocations,
ipsilateral neurologic deficit) or ankle-brachial index (ABI) <0.9 following blunt or
penetrating trauma are suitable candidates for imaging studies to rule out a potential
vascular injury. Today, computed tomographic angiography (CTA) is undoubtedly the
modality of choice in diagnostics of vascular trauma since it has a sensitivity and
specificity of close to 100% if no retained or implanted high-density (i.e. metal)
material is present®. Furthermore, as CTA is a noninvasive test, it does not
necessarily require the presence of an interventional radiologist making it even more
available and accessible. Currently, the role of Doppler pressure monitoring and
duplex ultrasonography in diagnosing or excluding vascular injuries is not well
defined™3,

STRATEGIES TO MINIMIZE ISCHEMIA TIME

The best strategy to limit the ischemia time is to expedite operative interventions. It
should be emphasized that the ischemia time includes the pre-hospital time (often
including delays in inter-hospital transfers) as well as the time that it takes to actually
repair the injury. As the goal is to restore blood flow within 6 h, there is no time to
waste. An extremely effective strategy is placement of temporary intravascular shunt
in order to control exsanguination and to restor distal flow (arterial) and promote
drainage if needed (venous shunts)!®'*. This approach has shown good results in
wide variety of civilian and military vascular injuries’®**. Typical indications for
vascular shunts are combined orthopedic and vascular injuries, where generally
skeletal stabilization is to be achieved before definite vascular repair. Shunts are
also a reasonable bailout option for surgeons who do not have the expertise to
perform the definitive repair, as it can maintain limb viability during the transfer of
patient to higher levels of care. Principally, there is no need for systemic
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anticoagulation with an indwelling intravascular shunt, especially in patients receiving
massive transfusion due to extensive blood loss. Almost any tubing can be placed
through the proximal and distal ends of a torn vessel and secured in place in order to
achieve superb results. Interestingly, even in complex battlefield injuries, managed in
extremely challenging conditions using nonoptimal and inferior materials, patency
rates of 86% for proximal shunts have been reported with >90% viability after
eventual reconstruction®®. It is logical to use the largest diameter shunt that can be
placed in the injured vessel, with plans to return the patient to the operating room as
soon as possible for removal of the shunt and definitive repair of the injury.

SURGICAL PRINCIPLES FOR OPEN REPAIR

Basic principles include (1) obtaining adequate exposure, (2) obtaining proximal and
distal control before exploring the vascular injury site, (3) preparing the potential vein
harvest site, and (4) providing designated vascular instruments and materials used in
vascular surgery®*2. Once the injured vessel is exposed, assessment should be
made to properly estimate the extent of damage. Simple arterial repair or autologous
graft interpositions should be considered (if technically possible) before any artificial
material in implanted. For example, a simple arterial laceration from a knife can often
be repaired primarily without significantly compromising the diameter. If there is
concern about compromising the diameter of the vessel, the injury can be repaired
with a vein patch. However, blunt injuries, crush, gunshot wounds, etc. cause
significant damage to the vessel wall which should be trimmed back to healthy
tissues before proceeding with the repair. If the missing segment is short, a primary
repair can be attempted by anastomosing the spatulated edges of the vessel without
any tension on the anastomosis. Yet, if vascular injuries include larger segments, a
reverse saphenous vein graft is preferably used. In polytraumatized patients, it
should be kept in mind that amputated limbs can be a good source of venous grafts.
However, in the setting of severely limited autologous conduit, prosthetic grafts can
be used for limb salvage even in contaminated wounds*?*3. Before the final repair,
good inflow and outflow should be ensured by removing any thrombus and/or debris
from the vessel ds | umen, and ustbdcenfirmadhie r epai
most cases, systemic anticoagulation is recommended if not contraindicated due to
concomitant injuries. An early four-compartment lower leg fasciotomy should be
considered in all patients in whom total ischemia time was more than 4 h or if any
associated soft tissue injuries were present*?'*. However, fasciotomy is not without
complications, and the decision has to be made judiciously based on signs, ability to
follow-up the patient closely after the operation, and expected outcomes. If
prophylactic fasciotomy is not performed, compartment pressures should be closely
monitored for the early detection of compartment syndrome. No general antibiotic
guidelines exist for patients with bone fractures due to penetrating or blunt trauma
and associated vascular injuries, thus individually tailored optimal medical therapy in
advocated per institutional protocols.
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ENDOVASCULAR REPAIR

For decades, open surgical repair has been the standard approach to peripheral
vascular injuries. However, as endovascular treatment has become more refined, it
has been increasingly used to treat patients with vascular injuries related to
trauma’®. These endovascular interventions can range from temporary vascular
control with a balloon, to embolization of a bleeding vessel, or to covered stent repair
of an injury****®. An endovascular approach to a peripheral vascular injury in a
trauma patient provides the advantage of remote access to the injured vessel (which
can be crucial in difficult-to-expose anatomic areas), reduces the additional risk of
injury to nearby nerves, and mitigates the need for surgically traversing already
injured and, sometimes, devitalized tissue. Additionally, patients undergoing
endovascular interventions can have decreased time in the operating room, reduced
blood loss, and decreased mortality when compared to open surgical repair of similar
injuries®®.

CONCLUSION

Management of complex injuries including vascular, bone, nerve, and soft tissue
trauma nowadays remains extremely challenging even in dedicated medical centres.
Priorities in the management of these individuals include delivery of early trauma
care, along with prompt control of haemorrhage using the simplest applicable
method (e.g., manual compression or tourniquet), damage control resuscitation,
timely diagnostics when applicable, and prompt surgical evaluation and repair.
Successful approach requires close coordination between various subspecialty
services and a well-coordinated management protocols according to institutional
everyday clinical practice.
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ZDRAVLIENJE KOSTNIH DEFEKTOV PRI
ODPRTIH ZLOMIH GOLENICE

MANAGEMENT OF BONE LOSS IN OPEN
FRACTURES OF THE TIBIA

l zt ok Gril, Lrt Benul il
Kl'julne besede:
Defekt kosti, kostni presadki, distrakcijska osteogeneza, Masquelet

Key words:
Bone defect, bone graft, distraction osteogenesis, Masquelet

| ZVLEL EK
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padci Z Vvigine. Ob hudi okvari t anke gaodprtie hk ot ki
zl omov golenice pridrugen kioosltongik edaf epkott.enZamd @i

zdravljenje takih pogkodb kompl eksno i n zahtev
interdisciplinarnega ti ma. Pomembno je zl asti S
kirurgom po principu ortompd latsta k p.ogkKadhaani hgiwv
kompl eksnosti jasnih priporolil za zdravljenje

ni . Zdravl jenje poteka individualizirano, pri

upogtevati tudi paci e nit kmmptiance, tsecialmoskonomskictatasy bi dno s
kajenje ipd.. Skozi zgodovino so se razvile raz

defektov. Avtologne kostne presadke kot zlati standard po pionirskem delu Gavrila llizarova

izpodrivajo tehnike, ki temeljijo na pricipu distrakcijske osteogeneze. Vsaka tehnika ima

svoje prednosti in slabosti, zato jih moramo pri zdravljenju raznolikih kostnih defektov ob

odprtih zlomih golenice dojemati kot komplementarne. Ob nizki incidenci teh kompleksnh
pogkodb j e obligowanje enhcionalnih protokolov za zbiranje pacientov v
specializiranih centrih. Ob pomanjkanju primer|
obravnava kompl eksnih zl omov golenice giroko poo

ABSTRACT

The tibia is, due to it's thin soft tissue cover, associated with a high 25% rate of open
fractures. Mechanisms of injury like motorcycle and vehicle collisions, falls from height
determine a high energy transfer. Besides a vast soft tissue injury, such open fractures carry
a 11,4% rate of traumatic bone defects. The treatment of these injuries is, due to the poor
biologic healing potential of the tibia, complex and calls upon a specialized and
interdisciplinary appraoch. Co-operation between the ortopaedic/trauma and plastic surgeon,
according to the principles of orthoplastics, is especially important. Due to the broad
spectrum of injury patterns and complexities clear clinical guidelines are still lacking.
Treatment is based on an individual approach, taking into account, besides the injury, also
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the patients' age, comorbidities, level of compliance, socio-economic status, smoking etc..
Different treatment methods have been developed thorugh history to tackle bone defects.
Autologous bone grafting has been for a long time regarded as the gold standard of
treatment. Following the revoutinary work of Gauvril llizarov however, techniques based on
the principle of distraction ostegoenesis are coming into the forefront. As every method has
its advantages and disadvantages in a ceratain injury pattern we have to regard them as
complementary. Taking into account the low incidence of open tibia fractures with bone
defects and the complexity of their treatment, development of national protocols is
warrented. With their application we can a high rate of these injuries being treated in
specialized centers can be achieved. In the absence of direct comparison studies between
the techniques in use, the field of complex fractures of the tibia remains a broad area fur
further clinical research.

PRINCIPI ZDRAVLJENJA KOSTNIH DEFEKTOV PRI ODPRTIH
ZLOMIH GOLENICE

Za zdravljenje kostnih defektov, povezanih z visokoenergetskimi odprtimi zlomi

golenice, jasnih dokazov in smerniczazdr avl j enj e ni . Kritilno \
kvalitativno definiran kot naj manj gi kostni
VIst.i za trajanje @¢ivKjaegitaf avspopearkoi hel zia«
def ekt nemogol e definirati, s aj pol eg dol gi
sposobnost celjenja ge V®liko gtevilo drugih

- lokacija defekta (femur, tibija);

- segment prizadete kosti (diafiza, metafiza);

- mehani zem pogkagdbe (energija)

- stanje mehkotkivhega pokrova;

- splogno stanje pacienta ( sfti &A®Bs tigbetes,i t al no
kajenje).

Girok spekter pogkodbeonmphl esksamrocse v ijre rdjoi hsoeve

obli kovanje priporolil i 4travreatsiahr kositnih elefekt@y. z d r a v
Prepoznava problema je vodila v razvoj edi
Sl ednji lzpostavl ja kriti]| neatefeijo parékoe i n

zagotoviti, da lahko prila¥%ujemo celjenje ko
- lokalna prekrvavitev;

- osteogene celi)lne komponente

- osteoindukcijski faktoriji;

- osteokondukcijski; zunajcel il ni matr i x

- biomehanska stabilnost;
- optimizacija splgosteneega paci entove

Teoretil| ni okvir edi amantnega konceptac¢ cel
indi kaci | e, s katero tehniko je mogno zagot
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pogoje za celjenje kostnega defekta. V odsotnosti jasnih smernic so se tekom
zgodovine razvile gtevilne tehnike, vsaka s svoj

AVTOLOGNI KOSTNI PRESADKI

Skozi zgodovino je kot zlati standard zdravljenja kostnih defektov veljala avtologna
presaditev kosti v mesto defekta.® Avtologna spongiozna kostnina predstavlja
bi ol ogko optimal ni transplantat, z visoko v
faktorjev in osteokondukcijskim matriksom. Njena slaba stran je odsotnost mehanske
stabilnosti. Spongiozni graft tudi ne pripomore k revaskularizacijskem potencialu

pogkodovanega segmenta. V preteklosti je bil
mest spine iliake anterior superior ter spine iliake posterior superior omejena s strani

nezaodstne koliline pridobljene spongioze t
mesta.’”Omenj ena problema je deloma razregil raz
medularnega kanala stegnenice 1 RIA (R-reaming I-irrigation A-aspiration). S slednjo

j e mogol e pridobiti vel i ke kol il ine megani
bogatega s osteogenimi celicami in osteoindukcijskimi faktorji. Slabost aspirata RIA

je njegovo relativno tekole stanje, K i zaht
grafta z drugega podrolja oziroma wumetne Kk
kalcijev sulfat).? V literaturis e meja kritilnega kostnega def

golenice ocenjuje na 1-2,5 cm.>*? Avtologni kostni transplantat kot primarna metoda
zdravljenja diafizarnega kostnega defekta golenice se tako omenja pri zdravljenju

manj gi h def ekt owanje ddvgljger primhamdk aotramjo ostedsintezo z
intramedul arnim gebl jem. Presaditev kosti s
pokrova in v odsotnbatiedmak opbPojadiagleniud I8i
metafizarnih defektov golenice je uporaba avtologne kostnine omejena na defekte

veli kosti do 6 cm. Gl ede na |l okalno stanje
zl oma odl ol amo me d zakl epni mi pl ogl ami i n
fiksaterji. Avtologni kostni presadki ohranjajo pomembno viogo tudi pri kostnem
transportu o lbockings mestg itdr wadnugi fazi tehnike inducirane
membrane po Masquelet-u.

PROSTI VASKULARIZIRANI KOSTNI PRESADEK FIBULE

Z razvojem mikrbkkisreurjgeki pritebhdravl jenju vel
defektov golenice uveljavila metoda prostega vaskulariziranega presadka fibule. S to
tehniko v defekt z enim posegom vnesemo celostni kostni presadek z lastno

prekrvavitvjio preko @Kk d$enneora aan prakginoaimemz ie . Pr e
distalen polu za 2 cm prekrivati z golenico. Presadek stabiliziramo z uporabo
zunanjega fiksaterja ali zakl epne plogl e. K
diafizarna kost naj bi nudil tudi mehansko stabilnost, a je hipertrofija fibule pri
ugrajevanju Vv nosilne kosti spodnj e ®wkonlin
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primerov do refraktur preko presadka, najpogosteje v prviem letu od implantacije.***3

Zar adi kompl eksne kirurgke tehni keabegamor bi d
vgrajevanja kosti na proksimalnem in distalnem polu pri zdravljenju post-travmatskih

defektov golenice je wuporaba prostega vask:
omejena na zdravljenje kostnih defektov zgor

DISTRAKCIISKA OSTEOGENEZA

Gavr il l'lizarov je v 50. |l etih prejgnjega s
distrakcijske osteogeneze revolucijonariziral zdravljenje kompleksnih kostnih

patologij, med drugim tudi zdravljenje post-t r avmat ski h kostnih defe
obrol ast ega Zunanjega fi ksaterj a j e razvi |l

skrajgevanj e, podal jgevanj e udov, korekci j
mi ni malnem travmati ziranju mehki h tkiwv na
obrolnega fi ks athearojla s estpaovilojbarjod i , -§raesf i k
Schanzovi vijaki) ter vzdolgne povezoval ne r
generacije obrol nih zudaaymm$patial Framek Hexapay, | e v (
katerim postavitevrgebtl hi prehwn&bvomogol a ¢
I

gestih stopnjah prostosti. V zdravljenju
akutne skrajgave uda s sekvenlno oziroma so
oddaljenem mestu ter segmentni kostni transport. Obe tehniki temeljita na principu
distrakcijske osteogeneze, kjer pod nadzorovano tenzijsko obremenitvijo tkiv na

mestu kortikotomije prihaja do procesa intramembranozne osifikacije in s tem tvorbe

nove kostnine. Postopek vsebuje tri faze. Prvo predstavlja latentna faza, kjer po

narejeni korti kotomiji pred zal ei{/fkm®edpodal j
di strakcijska faza, Kjer pril nemo z razteg
korti kotomije. Hi trost razt ez amjeraih dgnevnihc ca 1
intervalih. Potrebno je redno spremljanje poteka distrakcije in eventuelna prilagoditev

hitrost.i raztezanja glede na tvorbo regener
nastopi konsolidacijska faza v kateri se regenerat mineralizira in pretvor i v | vr st
kostnino. Pri kostnem tr an dgoking)tntermed@mmeg&k a h k r ¢

fragmenta na sosednji, bodisi distalni fragment pri anterogradnem, ali proksimalni
fragment pri retrogradnem transportu. Trajanje konsolidacijske faze traja je okvirno
23 krat dlje od™ asa distrakciije.

AKUTNA SKRAJGAVA UDA

Uveljavljena metoda pri zdravljenu kostnih defektov pri odprtih zlomih golenice je
akutna skrajgava wuda s podaljgavo na oddal j

pogkodbe. Pouda skkapagiaviz eliminacijo kostneg
pridrugeni mehkot ki vni def ekt S | i mer s
rekonstrukcijskim posegom. \% kol i kor S ama
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mehkot ki vnega pokrova, | a h ko indutirano angulagne do dat
def ormacij o, katero nato postopoma Kkoregira
Met oda pride v pogtev zI|l asti proi izraziti'l
kontraindikacijami 'ZZaradmnaskMaonth komplikaeij rjeg nd ®l. §i n
akutne prikrajgave golenice omejena na okvir
kostnega defekta ne moremo do konca zapreti, lahko razliko zapremo s postopnim

skrajgevanj e ms nadant'®Dodathg peednast te metode v primerjavi

s kostnim transportom aproksimacija in kompr
dosegemo primarno celjenje in se tako izoghn
bi stveno skrajga konsolidacijsko fazo in po
Skrajugdaavi s | edi solasna al. sekven|l na podalj
pokrova. Di strakcija poteka po zgor aj omenj e
gol enice na enem mestu je omejena na 6 c¢cm, z
transport (uporaba dveh kortikotomij in distrakcijskih mest).®® Pri podal j gavi
srelujemo s podobni mi kompl i kacijamo kot pr
izognemo pa se zapletom z mestom sidranja (docking). Skrajgevanje 1in

uda i zvajamo zumadmjoilmistf mksaterji. Po zakl |
odsotnosti znakov vnet | a i mamo tudi mo g n o s
(intramedul dirafi gapbpmpt afjl ra) , K i nud:i gt evi
prednosti, med drugim ohranjanje osi in manj g o nevarnost fraktu
regenerata al.i def ekt a. Notranja fiksacija
omogola ulinkovitejgo rehabilitaciijo.

SEGMENTNI KOSTNI TRANSPORT

Tehniko kostnega transporta uporabljamo pri kostnih defektih golenice, ki presegajo
omejitve akutne prikrajgave z distrakcijo.

gol enice velje od 6 c¢cm. Pri transportu ob
dol i no wuda, oziroma jo skrajgamo t gskii ko, d
poseg mehkotkivnega pokrova z regional ni mi z
mesto defekta vstavimo antibiotil|lni spacer i
fiksaterjem. Po umiritvi mehkih tkiv (6-8 t ednov) sl edi pristop ob
odstranitev Sspacerj a I n osvegiteyv mest a d
zunanjega fi ksaterj a ter korti kot omi | a zun

intermedi arnega segmenta poteka preko treh
defektih je dolga konsolidacijska faza povezana predvsem z zakasnelim celjenjem

na mestu sidranja (docking) , zat o se priporola zgodnja odl]l
in spongioplastiko v primeru odsotnosti jasnih znakov celjenja mesec dni po koncu
distrakcije.”* Konsolidacijsko f azo | ahko skrajgamo s prikr

d o s e ¢ darking), trifokalnim kostnim transportom (distrakcijska osteogeneza na
dveh mestih) ter konverzijo v notranjo fiksacijo po koncu distrakcije.? Kostni
transport je ulinkovittni hmed eofdeak tzodvr agvd Ij eemij cae ,
med 60-100 %.?% Gre za dolgotrajno zdravljenje z visoko pojavnostjo komplikacij, kot
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so pin-tracki nf ekt i, boleline in nevrolvaskul arne
gibljivost in kontrakture sklepov, deformacije, refrakture. Pogosto so potrebni dodatni

posegi tako na mestu regenerata kot dockinga. KI j ub temu e wvelinse
regljivih tekom zdravljenja 1in ne vplivajo
zacelitve defekta.?*?

TEHNIKA INDUCIRANE MEMBRANE T MASQUELET

Konec 90i h | et prejgnjega stoletja |e Ma s
kostnega presadka. Razvil je dvostopenjsko metodo, kjer v prvi fazi na mesto
defekta ugradimo cementni (PMMA) spacer. Slednji inducira nastanek dobro
prekrvavljene psevdomembrane, bogate z osteogenimi celicami in osteoinduktivnimi
mol ekul ami. Membrana razvi e +aklnhi?®aféekni bi o
premostimo bodisi z zunanjim fiksaterjem, bodisi z uporabo metod notranje fiksacije
(intramedulidr af i g aipretfiza),@dvieno od okvare mehkih tkiv in
stopnje kontaminacije. Po opravljenih rekonstrukcijskih posegih in umiritvi
mehkotkivnega pokrova sledi druga faza, kjer pristopimo do membrane, jo incidiramo

terspacer odstrani mo. Po osvegituvi mesta i n oc
hi stologko preiskavo sledi zapolnitev defekt
i Iiaka, RI A) . Membrano zagijemo. V tej faz
fiksacijo, vkoli kor ge ni bil a *hRmrwqgteme @t updriviie fsaoz i

Vi soko uspegnost %mzzdavienjemokiostni glefeRtdv tudi do 25
cm. Prednost v primerjavi s kostnim transportom naj bi bila predvsem hitrost celjenja
neodvisna od velikosti defekta ter hitra konverzija na notranjo fiksacijo ter odsotnost

kompli kaci j povezanih =z dolgotrajni®®™ zdrav
Velina doseda]j objavljenih dokazov temel i
pacientov, z raznoliko lokalizacijo i n et i ol ogi j o d etfaeratskdyv . Gt u
kostnih defektih golenice so pokazale sl abg
zacelitve in stopnje okughb. Jasni h navodil
goleni do sedaj ni. Nakazuje se dokajvarnaupor aba pri manj gi h K Q

defektih v primerih z dobrim mehkotkivnih pokrovom in odsotnostjo znakov vnetja.®
32

ZAKLJUL EK

Vi sokoenerget ske pogkodbe gol eni S0 kompl e
destrukcije mehkotkivnega pokrova in kost. Z nar agl anjem resnosti
naragla tudi verjetnost komplikacij. Odprt.i
do75% tveganjem za okugbo. Nastal.i kostni de

kirur gdebeidprmenta pr edst avl jajo ge ga odatkeon ziazziev
rekonstrukciji uda. Jasnih smernic za zdravljenje ni, slednje je tako individualizirano
in multifaktorialno. Odl ol anje o ohranituvi
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domena specializiranega in interdisciplinarnega tima. V literaturise kot kr i t i | ni

omenj a kval i tdebridementa Imehkim ki ia kosti, od katerega zavisi
uspegnost nadal jnjih rekonstrukcijskih poseg
kostnimi defekti so zato potrebni regionalni in nacionalni protokol, K i omogol aj
zbiranje pacientov s tovrstno patologijo v specializiranih centrih. Poleg

Si stematebridenmtgpe za uspegnost rekonstrukciije
zgodnje kritie mehkotkivnega defekta, najkasneje v5-7 dneh po pogkodbi

zdravle nj a kostnih def ekt ov i mamo na razpol ag
prednost mi in znal il ni mi kompli kacijami. Vel
po umirituvi mehkot ki vnega pokrova in odsotnag
cm) z dobrim mehkotkiv ni m pokr ovom, z|l asti v met afi z
uspegno zdravimo s tehni kami avtol ogne pres

kogni pokrov pri manj gi h kostnih defektih pi
skrajgava uda s sopodaloj gagdvio.s e\k vkeonnhpnloe k snej ¢
pogkodbe z vel i ki mi cnk),o sabimi stanjem dretikia ktkivj (>6

pridrugeni mi deformacijami, ok ugbami se k C
transport. Gre za preverjeno, zanesljivo metodo, ki pa je dolgotrajna in povezana z
veli kim ¢gtevil om, sicer vel i noma razregl ji

obremenjujole tako za pacienta kot kirurga.
zunanjim fiksaterjem dogi vl ja matidppjdvioktaci | e,

zapletov in pospegit.i rehabilitacijo pacien
primeru intramedul arnega g¢geblja, nudi veljo
razmeriji, prepreluje r e f r a kldackingae ter romog onle @ t u r
pacientu hitrejgo in wulinkovitejgo vkIljulit
prenosa infekta preko transfiksacijskega elementa zunanjega fiksaterja na
intramedul ar ni gebelj ge ni dokol no razrege
Pravtakoso potrebne dodatne direktne primerjaln
zI|l omi gol eni ce S kostni mi def ekt nastopa
kompleksnosti, zato metod, ki jih imamo na razpolago ne smemo dojemati kot
nasprotujole, temvel kompl ement ar ne.
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LOKALNI IN PROSTIREG N J | PRI
REKONSTRUKCIJI SPODNJEGA UDA

LOCAL VERSUS FREE FLAPS IN LOWER
LIMB RECONSTRUCTION

Tine Arneg

Kl'julne besede:
Rekonstrukcija spodnjega uda, loka | n i regenj, prost.i regeni
Key words:

Lower limb reconstruction, local flap, free flap

| ZVLELEK

Rekonstrukcija spodnjega uda je zahtevna in poteka multidisciplinarno. Izpostaviljene
pomembne strukture moramo | im prej apdjeikamdt i z d
razlilne rekonstruktivne mognosti, katerih izbi
l okalnega stanja pogkodovanega uda. Vrzel. v z
rekonstruiramo z | okal ni npia rsegpnrjois,t ivmiz ealii vr edgisot
ABSTRACT

Lower limb reconstruction poses a challenge and requires a multidisciplinary approach.
Exposed vital structures should be covered as soon as possible by well perfused tissue.
There are many reconstructive options, the choice of which depends on the patients overall
medical condition and on the local status of the injured limb. Proximal and middle third
defects can mostly be reconstructed by local flaps. Distal third defects require the use of free
flap or regional flap transfer.

UvOoD

Cilj rekonstrukcije spodnjega uda je ohranitev karseda funkcionalnega uda.

| zpostavljena kost, gil e, givci, tetive ali
kritje, da se prepreld9 kasne posledice, pr
tkivne vrzeli na spodnjem udu zelo raznolike po etiologiji, lokaciji in kompleksnosti, je

tegko poenotiti algoritem zdravljenja. | z
spodnjega uda zato ge vedno predstavlja izzi

Na i1 zbiro vplivajo bol ni kstan® spamegaouglan Medst anj e
spl ogni mi dejavni ki mor amo upogtevat.i st a
pridrugene bol ezni , pogkodbe I n stanj a, k
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zdravljenju ter bolni kove g¢gelje. Pri | ok al

poz or ni na mehani zem, K i je pogkodbo povzrol
izpostavl jene struktur e, prisotnost okughbe
nevrol ogki status, prejgnje operacije I n
materialaterst anj e t ki v, K i se nahajajo VvV neposr e
rekonstrukti vni kirurg pozna vse mognost. r
ustrezen tip rekonstrukcije. Odl ol i tev gl e

posameznemu bolniku in poteka multidisciplinarno.

PRI MERJAVA MED LOKALNI MI I N PROSTI MI f
Pri nalrtovanju rtekionserukzelie kjedadklol i na t
tako i menovane rekonstruktivne |l estvice, k
naj preprostagjbipd | dazaml et ene. Ta nam omogol

rekonstrukcije prilagodimo kompleksnosti vrzeli.

V predelu zgornje in srednje tretjine golen
dovolj. Zaradi pomanjkanja lokalnih mehkih tkiv v distalni tretjini goleni se je tam
uveljavil princip rekonstruktivnega dvigala, ki daje prednost rekonstrukciji s prostim
regnj em. V zadnjem | asu se za rekonstrukcij
dololeni lokalni regnji, ki'™.ih bomo predst a

PROSTI REGNIJI

Proste regnje dvignemo na ¢gilnem peclju na
l olimo od telesa in s pomoljo mikrokirurgke
esprejemnem¢g mest u. Sestavo tkiv prostega |
vrzeli. Prost. regenj je Il ahko kogni, mi gil ni,
kombinacije. Zapl et proi upor abi prostega
Sprejemno mest o. Na odvzemnem mestu | e na
sprejemnem mestu |jee najombjogia dawmbnogil ne
naj sl abgem primeru | ahko vodi do popolne nek

Za rekonstrukcije s prostim regnjem se odlo
predvsem distalne tretjine gol eenérgetskihéen s o n a

avul zijskih pogkodb, K i onemogol ajo uporabo
opraviti natanl|len pregled gil spodnjega uda
V primeru odstopanj je bol j var naospragemmor avi ti
gilje za prosti regenij . Le je |l e mogol e,

pogkodbe.
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Za rekonstrukcijo s prostim regnjem potreb

ingtrumenti) in dovolj i zkugenega kadijea. Pr a
z |l okal ni mi regnji. Vlasih je treba zaradi [
menj at i pol ogaj bol ni ka. Po operaciji je tr
drobno-gi | no povezavo bolnika takoj ponovno ope.]

LOKALNI REGNJ I

Lokalnj deggnemo v neposredni bligini tkivn
Pri tem niso potrebne drobno-gi | ne povezave, saj gilnega pe:
dajal sko mesto za | okal ni regeni oddal jeno
regional nem lrok@djni. rlegenj dvignemo na @gil.
perforatorskem regnju. Perforatorski regenj,

epropel erskic¢c regenj

Pri rekonstrukeciji zgornje in srednje tret]
mi gi regnje al. l okal ne perforatorske regnj e
mi gice samo, | e isto funkcijo hkrati opravl]
| ahko grtvuj emo. Lokal ne mi gi |l ne regnj e m C
debeline kogeéeki Wnenj grzel i, K i S0 posl edi ca
di stalne tretjine gol eni | ahko prekrijemo
mi gi |l ni mi regniji. Pred tem je potreben doppl
gile prebodnijwme,t ekir egymkrehujneepogkodovane. Od
i n regional nih regnjev na gol eni mor amo p
debeline koge, saj je za direktni gi v mehk
brazgotine na pogkodovea&niemgolgeniz.asWMad ana el et
regnju ter robne nekroze. V primeru popol ne;¢
rekonstruiramo z drugim lokalnim regnjem al.

PRI MERI PROSTI H REGNJEYV

PROSTI SPREDNJE-STRANSKI STEGENSKIRE GE N J

Prosti sprednje-st r anski stegenski r eig/ALm)jje edeainnte@d r i or |
naj bol j pogosto uporabljenih prostih regnjev
prebodni | ni regenij, K i ga oskrbuje descende
laterali s . |l ma relativno dolg g¢gilni pecel | I T o IS
dovolj za prekrivanje veljih vrzlkdgni Poe por |
al i izkl julno migilni regenj , tako da vkl ju
izpolni tev vrzeld] vel jega volumna. Regenj obl i
pretolen al. hi merni . Prilegno fascio |l ato
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Dvigujemo ga Vv hrbtni l egi bol ni ka, tako de

Omogol a pnearm reanj e v dveh ekipah, kar pospeg.i
uspemo najvel krat direktno zagiti, brazgotin
na odvzemnem mestu motela migilna hernija. F
je regenj dewledsi lz attroelygea ka@sneje tanjgat.i z

PROSTI LATISSIMUSDORS| RETGENJ

Prost. | ati ssimus dor si regenj je eden i zmec
rekonstruktivni kirurgiji. | ma adiolega) i | ni

konstantnim potekom ter ¢gile relativno vel il
Dvi gnemo ga | ahko kot prebodkogmi, (MHMARI |n
osteomiokutani al i funkcional ni mi gi limi reg
napaja subskapularna arterija | ahko z enim
zel o kompleksne tkivne vrzeli. Vel i k je tud
celotnega oboda distalne tretjine goleni. Zsg
obli kuj emo glede na tkivno vrzel, tudi |l e gre
bolnem pologaju z odroleno roko. Pri tem | e
gol eni in solasno delo dveh kirurgkih ekip.
zagijemo,abpazgaetisnkrita. Prenos mi gi ce | at
povzrol a funkcional nih tegav na odvzemnem
odvzemnem mestu j e nastanek ser oma, K i ga
kompresijskega oblalila. keogga pege@s$emamkd
pooperativno opazovanje regnja, je pa tak re

PRI MERI LOKALNI H REGNJEYV

DISTALNO BAZIRANI SURALNI FASCIOKUTANIRE GE N J

Di stalno bazirani sural ni fasciokutgahe re
prebodnice arterije peronee, kise nahajajo4-7 ¢cm nad | ateralnim gl eg
vel ji mer i drenira vena safena parva. S kog
vrzel. veli ke do 14x9 c¢m, K i se nahajajo v
stopala. Regenj najlagje dvignemo v trebugni
gi l prebodnic z dopplersko preiskavo. Kogni
t ako, da regenj dosege sprejemno mesto bre
venskeg a odt ok a. Zar adi mognost.i povzrolitve
transpozicijo regnj a v def ekt skozi kogne
fascialnega peclja regnja je najvelrat treb.
kar povzrol. op aezgneen jbrjaez gtoan emle,. Kar je za r
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okolici glegnjev ugodno. Pri dvigovanju regrt
senzoril ni i zpad po | ateralni strani stopal
avulzijskih ali visokoenergetskihpo g k o d b a h .

DISTALNO BAZIRANIPERONEUS BREVI 8 REGENN

Distalno bazirani peroneus brevis migilni re
arterije peronee in se nahaja 6-8 cm nad lateralnim maleolom. Z njim lahko zapremo
manj ge de fne ketjiee galenignt peoksimalnega dela stopala, pod pogojem

da je distalni pecel | nepogkodovan. Pri t e
preiskavo, vendar Jje tolno | okacijo peclja
peroneus brevi s nlreh ppsledicl @perdcija rpateka v mrkani legi.

Prikagemo si mi gi |l ni trebuh migice peroneu
peroneus | ongus. Pri tem pazi mo, da ne pogk

givca. Migilni trebuh osPtrrio tlean imoa aard bp drii s
pride do pogkodb migilnih viter, saj je mig
dvigujemo v distalni smeri do distalnega peclja in ga rotiramo v tkivho vrzel.
Prekrijemo ga s presadkom delkiregahrkddobro ne k o
prilagodimo obliki defekta. Odvzemno mesto je v estetskem smislu bolj sprejemljivo

kot odvzemno mesto suralnega regnja. Nekol ik
trebuha ter pojavljanje robnih mne¢lmoz mniggi ac¢
trebuh.

ZAKLJULEK

Rekonstrukcije spodnjega uda so zahtevne in morajo potekati multidisciplinarno.
Izpostaviljene kosti, pomembne strukture in osteosintetski material je treba prekriti v

najkrajgem mognem | asu, d a epmekkptkivaih vrzelo z a p |
i mamo na voljo gtevilne rekonstruktivne moc¢
sl abosti. Tip rekonstrukciije mor amo pril ac

|l okal nemu stanju pogkodovanega uda.
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ZDRAVLIENJE AKUTNEGA VNETJA KOSTI
IN MEHKIH TKIV

MANAGEMENT OF ACUTE INFECTION OF
BONE AND SOFT TISSUES AFTER TRAUMA

l zt ok Gril, Ange Kristan

Kl'julne besede:

Vhetje kosti, akut no, kronil no, biofil m
Key words:

Bone infection, acute, chronic, biofilm

| ZVLEL EK
Vnetje kosti in mehkih tkiv je katastrofalni zaplet zdravljenja zlomov. Pojavija se v1 % - 2 %
pri zaprtih zlomihinv6%-30% pri odprtih zIl omi h. Ko govori mo ¢

(fracture related infection i FRI) znake lahko razdelimo na sigurne in verjetne. Osteitis po
pogkodbah povzr odoaposobnéteoktitbiefim. Klasifikackaipostravmatskega

osteitisa ge do danes ni uradno sprejeta. Princ
Ssprejeti za okugbe umetni h skl epov. Osnovna r &
pridrugen&Suml|l emu.okugbo postavimo s kI inil|lnimi
mi krobi ol ogki mi vzorci vzeti mi med operacijo. |
(levkociti, SR, CRP), RTG, CT, MR, nukl ear ne preiskave s o p
zdravljenja in spremljanj e uspegnost.i | e tega, ne pa Za S @
postravmat skega osteitisa -stega. Koadomjega jpride, gager epr el e
potrebno prepoznat:i in zal eti agresivno zdravit
letaneprei de v kronilni osteitis, ki ga je bistveno
ABSTRACT

Infection of the bones and soft tissues is a catastrophic complication of fracture treatment. It
occurs in 1% - 2% in closed fractures and in 6% -30% in open fractures. When we talk about
fracture related infection (FRI), the signs can be divided into confirmatory and suggestive.
Osteitis after injury is caused by bacteria that are able to form a biofilm. The classification of
post-traumatic osteitis has not been officially accepted yet. The principles of treatment differ
from those adopted for infections of artificial joints. The basic difference is the soft tissue
damage associated with the fracture. The suspicion of infection is raised by clinical signs
and confirmed by microbiological samples taken during surgery. Other tests such as regular
blood tests (leukocytes, SR, CRP), X-ray, CT, MRI, nuclear tests are important for planning
treatment and monitoring its success, but not for the diagnosis itself. Treatment of post-
traumatic osteitis begins with prevention. When it occurs, it is necessary to recognize it and
start aggressive treatment in the acute phase (operatively and with antibiotics), so that it
does not turn into chronic osteitis, which is much more difficult to cure.
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UvoD

Vnetje kosti in mehkih tkiv je katastrofalni zaplet zdravljenja zlomov. Kljub modernim

tehnikam, implantatom in pozornosti ha asepso, vnetje kosti (postraumatski osteitis)

ge vedno predstavlja prepogost zapl ew- Do o0s
2 %, pri odprtih zlomih Gustilo Anderson stopnje I, 1l in IlIA do vnetja prihaja pri 6 %

do 10 %, pri odprtih zlomih 111B in I1IC pa celo do 30 %."?

Poleg tegkega zdravl jenja, predstavljaajo ti
Ob neustreznem pristopu k akutnemu osteiti sl
za zdravljenje bistveno bolj zahtevna. Namen prispevka je poudariti ukrepe, ki

prepoepi¢ehod akutne faze v kronilno.

DEFINICIJA

Po definiciji je okugba kirurgke rane, ki p
okugba kosti, pojavi kadar kol i po operaciij.i

fascijo), poleg tega pa ima vsaj enega od naslednih znakov:
1. gnojniizcedek iz rane.

2. Dehi scence rane o02z. namerno razprtje ra
brisom al. ne vzetim brisom) °Csinfai 2zl esno
|l okal no oteklino in bolelinbiyka,)eabtbfk
velja).

3. Abscess ali drug znak globoke okugbe, k
slikovno diagnostiko.

4. Di agnoza okugbe kirurgke rane s strani K i

Ko govorimo o okughbi povezani zi FRl)anekem ( f r a

lahko razdelimo na sigurne in verjetne.*

Sigurna znaka sta:
1. fistula (dehiscence rane),
2. gnojni izcedek.

Verjetni znaki pa so:

l.rdelina in povigana temperatur a.

2. Rentgenski znaki okughbe

3. Novo nastala oteklina

4. Povi gani parametr.i vnetja (SR, CRP)
5. lzcedekizrane,ki j e prisoten ge po 7 dneh
6. Oteklina sklepa pri intraartikularnih zlomih, ali kjer OS material penetrira v
sklep.*
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PATOFIZIOLOGIJA

Postravmat ski osteitis tipilno povzrolajo

povrgino osteosintetskg®@a smatoemroil jjaol dagrsee i @il
Adhesini), al i p a uporabljajo nespecifilne
(povrginska napetost, hidrreébokial erosi, fakekad
sledi akumulativna faza in tvorba biofilma. Biofilm je visoko hidriran ekstracelularen

matri ks, v katerem so mikroorgani z mi Askriti
1000-krat bolj odporni na antibiotike.° Bi of i I m se | ahko razvije 4§
tednov po osteosintezizatvoenjderz goedngee nkeizrruerlc
posebej pomembno Najpogostejagi mi kr o%)r gani z
koagulaza negativni stafilokoki (22 %), ter Gram negativni bacilli (10 %), v dobri

l etrtini primerov je okugba polimikrobna.

KLASIFIKACIJA

Klasifikacija postraumatskega osteitisa (FRI-f r act ur e r el ated infect
ni uradno sprejeta. Dol go | asa so za FRI vV e
prosteti | ne- porkousgtbeet i (cPJjloi nt infectionn. Ven
zdravljenja popolnoma drugal en. Pogkodovani
gre tudi za pogkodbo mehki h tkiv, K i je tol
spremljajole bolezni, ki vplivajo na celjenj
z el ektivni mi ortopedski mi bol ni ki . Seveda
(pristop, stabilnost, kakovost repozicije), ki je izjemno pomemben tako za
preprelevanje, kot tudi za zd?areniuthoenajjoe post I
sprejeta klasifik aci ja za FRI del i okugbo na zgodnj o
zapoznelo (2-1 0 tednov p o osteosintezi) i n poOznc
osteosintezi). Kasneje kot je okugba prepozi
kot tudi antibiotilno.

DIAGNOSTIL NE METODE

Za sum na postraumatski osteitis zadostuje prisotnost sigurnih ali verjetnih znakov,

za dokonlno potrditev so odlolilni i ntraope
vzorci.* Za nastanek infekcije ni samo pomembna vrsta in lokacija zloma, ter vrsta

osteosinteze, t emvel tudi stanje mehkih tKki
mognost nastanka infekcije moramo biti ge

zlomih, odprtih zlomih in pri bolnikih, ki so imunsko kompromitirani, bodisi sistemsko,

bodisi lokalno (kajenje, sladkorna bolezen, podhranjenost, odvisnost od alkohola,

varikozni sindrom, é ) °. Las operacije in ustreznost nj et
povezana z mognost | 0° Imraoperativnok szeti ovorcig soe .
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naj pomembkayzgielpjo prisotnost.i okugbe. Potre
potrebno vzet.i z drugim ingtrumentarijem B.
visoko virulentnih mikroorganizmov pa celo samo eden, sta dovolj za potrditev
dijagnoze.’® Pri odstranjevanju osteosintetskega materijala, je le tega potrebno
poslati na sonikacijo’®, v primeru suma na vnetje sklepa, je potrebno narediti analizo
aspirata. Bolnik mora dva tedna pred revizijo prenehati z jemanjem antibiotika'*, zato
empirilno dajanjeoranhtiijbivoti kpa ani Hakbp Ineg khar

analiza je prav tako pomembna, s aj nam sKku,;
podatkov o vrsti {°®Ostalegpmiskavg koo sotradni knmieizviji a .
(levkociti, SR, CRP), RTG, CT, MR, nuklearne preiskave so pomembne za
naltrovanje zdravljenja in spremljanje uspe:

postravmatskega osteitisa.

ZDRAVLJENJE

Zdravljenje postravmatskega ostefegaiPlag se za
aseptil|l nega o bracgsk avoijara in pri peepezah ran, je pomembna

skrbna priprava na operacijo, skrb za mehka tkiva pred in med operacijo, ter seveda

stabilna in korektna osteosinteza. Pri imunokompromitiranih bolnikih je potrebno

razmisliti o perkutanih tehnikah ali celo konzervativnemu zdravljenju.*’

Sicer pa je cilj zdravljenja zacelitev kosti, pozdraviti infekt oz. supresija le tega do
zacelitve kosti, zacelitev mehkih tkiv ter
okonline B

ZGODNJA OKUGBA

Zgodnj o okugboovpoohapdi vipsoko virulentni
Stafiloccocus aureus), zato so sistemski in lokalni znaki vnetja ponavadi precej

mol no izrageni. B26 Potrebna je temeljita
potrebi konzultacij &otzegoam &alml omhugehij m
dvomu, revidiraj. Cilj zdravljenja j e pr
zdravljenje pa je v tej fazi razmeroma enostavno, sestoji iz obilne nekrektomije

Jizpiranja, vzema vzorcev in ponovnega zaprtja rane z dr enago. | mpl ant
ponavadi ni potrebno odstranjevati. V primeru, da osteosinteza ni stabilna, pa je

treba napraviti reosteosintezo, saj je stabilnost izjemno pomembna pri zdravljenju
postraumatskega osteitisa.”’®* Poseben problem preimslabav! jajc
reponirani intraartikularni zlomi, kjer ni enotnega mnenja, se pa zdi bolj varna
rekunstrukcija sklepa v dveh fazah. V primeru retence implantatov se svetuje 12
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tedenska antibiotilna terapija, prva 2 tedl
materi j ala, ko Y zlom zaragl en.

ZAPOZNELA OKUGBA

Pri zapoznel. okughbi so klinil]mni in | aborat
povzrolitel]ji navadno man j virulentni mi
epidermidis). Biofilm pa je vedno bolj zrel, mikroorganizmi pa bolj odporni na

bolni kov imunski odgovor™\Mendnantjiebhi mdtif eton oz d
ukrepanj e, | i mpr ej kot ] e | e RTG gpodnetka Pred
potreben tudi CT, K i natan| no p dmlpanglkozoo maj an |
02z. vnetje kosti. V primeru sl abega stanja
plastilnega kirurga s g@girokim znanjem rekon
Ohranitev implantatov je mogna loendotkim so ti
stanjem mehkih tkiv, kar je v klinilni pr ak
zageljena po intramedul arni fiksaciji, imuno
povzrola mikroorgani zem, K i ga | e tikegko zdi

implantata, je verjetnost, da se bo zlom zacelil le 50-70 %.?°?' Operativno
zdravljenje sestoji iz odstranitve OSM v celoti, temeljite nekrektomije kosti in po

potrebi tudi mehkih tkiv, ter ponovne ul vr st
nekrektomija dobro narejena, se |l ahko v te]j
ul vrstitev . Na tem mestu bo v pri hodnost
prekritega OSM, nekater. t aki i mpl ant at i S0
za zdravljenjevdvehf a z a h, naj pr ej ulvrstitev z zunanj
konl| ani antibiotilmni terapiiji konverzija v
fi ksacijo z rekonstrukcijo kosti. Veliko se
tudilokalniantbi ot i k, | eprav njegova ulinkovi®*tost z
Sistemsko antibiotil|lno zdravl jenje j e pri
tednov, pri | emer zadnjih 10 tednov v terapi|j
Pri dvostopenjski menj a v i pa je |l as trajanja atibiotiln
en teden premo6 at edinmwatmmo ger bgi operaciiji. A
potrebno neprestano prilagajati , zato je nujna neprestana komunikacija z
infektologom. Prav tako je t u d i t u po zacelituvi zl omov

osteosintetski material.

POZNA OKUGBA

Pozna okugba se pojavi po desetih tedni h, n j
in presega namen tega prispevke. Zdravljenje mora potekati v specializiranih centrih,

kjer ] e n a vol jo Vsa naj sodobnej ga di agno:
rekonstrukcije kosti in mehkih tkiv, ter infektologi s posebnim znanjem zdravljenja
kostnih okughb.
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ZAKLJUL EK

Za zdravljenje zgodnjega infekta na kosti je bistvena prepoznava. Zaradi narave

kirurgkega dela, je to najvelkrat tegko, saj
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NECELJENJE ZLOMOV

FRACTURE NON UNION

Nir Cohen

Kl'julne besede:

Celjenje kosti, nezaraglanje, diamantni koncept
Key words:

Fracture healing; non-union; diamond concept

| ZVLEL EK

Kost predstavlja eno redkih tkiv, ki se lahko zaceli, ne da bi pri tem nastala vlaknasta
brazgotina in je edinstvena obliki regeneracije tkiva. Zdravljenje zlomov je zapleten

postopek, katerega temel jna biologka nalela so
izboljgdganju kirurdgkih tehnik, sl abo zaraglane z
prizadene vebgkodagvawdteéwvw. Ker je slabo celjenj
socialno-ekonomskimi posledicami, je potreba po dobrem razumevanju patofiziologije in

opredel itvi novi h pristopov zdravljenja nujna. T
slabegacelienj a kosti, vkl julno s trenutno razpologliji

razpravlja o nedavnem napredku v razumevanju celjenja zlomov, kar je privedlo do
prepoznavanja in razvoja novih terapevtskih pristopov.

ABSTRACT

Bone represents one of few tissues that can heal without forming a fibrous scar and, as
such, resembles a unique form of tissue regeneration. Fracture repair represents a complex
process, of which basic biologic principles have been deeply studied. Despite a tremendous
improvement in surgical techniques, impaired bone regeneration including non-unions still
affect a significant number of patients with fractures. As impaired bone regeneration is
associated with high socio-economic implications, it is an essential clinical need to gain a full
understanding of the pathophysiology and identify novel treatment approaches. This review
focuses on the clinical implications of impaired bone regeneration, including currently
available treatment options. Moreover, recent advances in the understanding of fracture
healing are discussed, which have resulted in the identification and development of novel
therapeutic approaches for affected patients.

Bone represents one of few living tissues that heals without forming a fibrous scar
and, as such, resembles a unique form of tissue regeneration. Despite a tremendous
improvement in surgical techniques in the past decades, impaired bone regeneration
including non-unions still affect a significant number of patients with fractures.
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Skeletal bone has a remarkable capacity for regeneration. The healing of bone after
a fracture is a phenomenon arising from a complex interplay of mechanical and
biological factors resulting in scar-less healing. In most cases of long bone fracture,
the fracture ends meet to reform a mature and mechanically stable bone. In the
mature skeleton this is usually achieved by some sort of fixation aimed at functional
reduction, (length, axis, rotation) In up to 10% of cases?, however, fractures do not
heal and show no or insufficient signs of union.

Delayed unions show a clinically and radiologically prolonged bone healing process
which usually resolves once adequate measures are taken, whereas definite fracture
non-union occurs when a fractured bone fails to heal at all. Several definitions for
non-union exist. For example, according to the U.S. Food and Drug Administration, a
non-union is defined as a fracture, which is at least nine months old and has not
shown any signs of healing for three consecutive months®. The European Society of
Tissue Regeneration in Orthopedics and Traumatology defines non-union as a
fracture, which will not heal or consolidate without further intervention, regardless of
the previous treatment duration.

The development of non-union is a devastating complication and a challenge for

both patients and physicians. The treatment of non-unions often requires several
revision surgeries, whi ch resul t in prol onq
mental and physical health and additionally represents a major socio-economic

burden mainly driven by indirect costs, such as productivity losses due to long

treatment duration®.

The classic classification of Weber and Cech of the 1970s is based on underlying the
biological aspect of the nonunion differentiating between "vital" and "avital nonunion,
although 50 years old, can still be considered to represent the basis for basic
evaluation of nonunions®. The "diamond concept" which was popularized by
Giannoudis, Einhorn and March in 2007* incorporates biomechanical and biological
aspects and provides the pre-requisites for successful bone healing in nonunion.

When attempting to treat fracture nonunion, one should acknowledge two types of
fracture repair mechanisms, one which normally happens in nature, involving
fracture haematoma formation, inflammation, cellular proliferation, differentiation and
remodeling, while the other usually inflicted by surgeons with anatomic reduction
maintained by absolute stability fixation devices, resulting in direct bone healing®.

Clinically, non-unions are classified according to their morphology and radiographic
appearance as hypertrophic and atrophic non-unions®. Their appearance correlates
with characteristic pathophysiologic processes at the fracture site. Hypertrophic non-
unions are characterized by vital, regenerating bone tissue with good blood perfusion
of the fracture ends and the availability of necessary molecular mediators, progenitor
cells, osteoconductive matrix, and immune-regulatory cells among others. However,
hypertrophic non-unions fail to heal because of insufficient mechanical stability and
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consecutive excessive mobilization, which result in an increased callus formation
trying to compensate for the lack of stability. Despite high regenerative potential,
fracture union is thus prevented by the instability and high mobility of the fragments.
In contrast, atrophic non-unions are characterized by the lack of regenerative
potential, which is often associated with insufficient blood supply of the fracture ends
and the surrounding soft tissue, or low-grade infections of the fracture site. Despite
adequate mechanical fixation, bone regeneration fails in these cases and the
fracture ends atrophy.

Risks of non-union can be defined as patient dependent and patient independent,
as well as local and systemic, some of which can be modified to enhance fracture
healing. When looking at patient dependent risk factors we should be looking at
modifiable: smoking, alcohol, BMI and nutritional status compered to non-modifiable
ones: male gender, genetic predisposition, diabetes, PVD and so on. Patient
independent risk factors should include: poor surgical technique, open fracture,
compartment syndrome, high energy injury, fracture geometry and so on*.

A successful fracture healing response is dependent on the biological environment at
the fracture site, the availability of molecular mediators, progenitor cells and matrix,
immunoregulatory cells and an optimum mechanical environment that provides the
fracture site with adequate stability, facilitating the evolution of a physiological
process leading to a successful bone repair response.

The O6diamond concept 6, being a conceptual

response, gives equal importance to mechanical stability and the biological
environment!. Moreover, adequate bone vascularity and the physiological state of
the host are thought to be essential within this framework of fracture repair. A deficit
in the biological environment or the mechanical environment, or failure to appreciate
the comorbidities of the host and the lack of vascularity can all lead to an impaired
fracture healing response resulting in non-union. Overall, the diamond concept refers
to the availability of osteoinductive mediators, osteogenic cells, an osteoconductive
matrix, optimum mechanical environment, adequate vascularity and addressing any
existing comorbidities of the host.

FRACTURE HEALING CASCADE

As a first consequence of fracture and vascular disruption, bone marrow and
vascular leakage create a local hematoma containing bone and immune cells. The
formation of the fracture hematoma is essential for adequate bone healing, as it is
characterized by high osteogenic potency mainly attributed to cells known as
mesenchymal stem cells. This cells possess osteogenic, chondrogenic and
adipogenic differentiation potential. Additional cells found abundantly in the fracture
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hematoma include platelets and macrophages which release a series of cytokines of
different types, stimulating a cascade of events to initiate healing. Of this cytokines
the most important mediators released having a direct effect on progenitor cells to
undergo the process of mitogenesis and osteoblastic differentiation include platelet-
derived growth factor (PDGF), fibroblast growth factor (FGF), insulin-like growth
factor (I GF) and transforming gr owtclade
bone morphogenic protein (BMP)-2, 4, 6 and 7. Although temporary, local hypoxia
causes bone and soft tissue necrosis at the fracture site, cytokine release and
migration of pro-inflammatory immune cells creates an inflammatory environment
that is characterized by increased local blood flow and vascular permeability,
promoting further influx of pro-inflammatory cells and increased cytokine production.

While the above described inflammatory processes subsequently decline, the
mesenchymal stem cells emerge and differentiate into fibroblasts, they produce
extracellular matrix proteins such as collagens type | and Il. Due to local hypoxia, the
formation and invasion of blood vessels is promoted. MSC differentiate into
chondrogenic and osteogenic cells and form soft callus tissue.

Since the soft callus itself only provides basic mechanical stability, it is subject to
ossification that is achieved through incorporation of calcium phosphate into the
extracellular matrix. bone healing is achieved through cartilaginous intermediates in
enchondral ossification. Here, chondrocytes differentiated from MSC produce a
chondrogenic matrix that bridges the fracture. Eventually, chondrocytes undergo
apoptosis, while the cartilaginous tissue rich in collagen type Il is enzymatically
degraded and replaced by osseous tissue containing predominantly collagen type |I.
At first mechanically inferior woven bone is created. Woven bone is characterized by
a random organization of collagen fibers and mineralized tissue. In order to generate
mechanically stable lamellar bone, the woven bone is subsequently remodeled to
form mechanically competent lamellar bone. The transition of woven to lamellar bone
is mediated by the balanced activity of osteoblasts, osteocytes and osteoclasts. This
process is associated with final changes in bone architecture and allows the former
fracture site to adapt to the current mechanical demands.

The outcome of bone regeneration depends on both the biological and the
mechanical environment. The mechanical environment primarily influences whether
bone heals primary (direct) or secondary (indirect). Primary bone healing can be
observed in anatomically reduced fractures with rigid fixation and interfragmentary
compression. In this case, the fracture heals only through bone remodeling, without
the formation of a fracture callus. In contrast, secondary bone healing describes
bone tissue formation via intramembranous and enchondral ossification of callus
tissue, and represents the most common form of bone regeneration in clinical
practice. Secondary fracture healing applies to fractures treated without surgery as
well as fractures treated with intramedullary nails or external fixation that do not
achieve the rigidity and interfragmentary compression required for primary bone
healing.
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A detailed medical history of the patient and the individual case is paramount for an
optimal and individual therapy of non-unions. Patient dependent and independent
factors, as well as local and systemic factor should be taken into consideration.
Physical examination is of paramount importance in assessing fracture union,
pathological movement, pain upon loading and soft tissue situation are all important
in assessing fracture healing’.

A detailed study of existing radiographic imaging should be performed as it is crucial
not only to review the latest radiographs, but also compare all prior imaging
chronologically looking for progression or regression of the repair process. Only in
combination of all relevant findings it is possible to classify a non-union as precisely
as possible and to establish an individual treatment strategy. With correlating clinical
symptoms, a whole-limb radiograph should be performed in order to detect
malposition or axial deviation. For accurate analysis and pre-operative planning, a
computed tomography is of utmost importance. In selected cases, further imaging
using contrast-enhanced CT, magnetic resonance imaging, angiography or PET-CT
provide further information regarding osteomyelitis, blood perfusion, and soft tissue
coverage.

Once the diagnosis of nonunion is confirmed, a treatment plan should be devised.

The O6diamond concept 6, being a conceptual

response, gives equal importance to mechanical stability and the biological
environment!. Moreover, adequate bone vascularity and the physiological state of
the host are thought to be essential within this framework of fracture repair. A deficit
in the biological environment or the mechanical environment, or failure to appreciate
the comorbidities of the host and the lack of vascularity can all lead to an impaired
fracture healing response (non-union). Overall, the diamond concept refers to the
availability of osteoinductive mediators, osteogenic cells, an osteoconductive matrix
(scaffold), optimum mechanical environment, adequate vascularity, and addressing
any existing comorbidities of the host.

While the efficacy of physical extracorporal therapy like shock waves and magnetic
fields require further clinical research, to date the standard treatment of fracture non-
union is surgical. The surgical intervention begins with the careful exposure of the
fracture site and the debridement of sclerotic edges in order to obtain a vital and
bleeding surface. Thereafter, the intramedullary cavities of fragments may be
opened in order to facilitate the blood flow. As vital fracture ends are aligned rigid
fixation may be performed. In many cases, resection of the malunion consisting of
fibrous, often atrophic tissue, results in bone defects, which require bone grafting to
bridge the fracture ends and to facilitate bone healing.

Despite all efforts in the research of artificial bone substitutes, the harvest and
transplantation of autogenous bone fid
standardo t o Suppor t-unibns rag it domkanksi ostgogenia)
osteoinductive and osteoconductive properties®. However, autografts are only limited

121

om t
non

h €



available and accompanied with high morbidity during harvest, including wound
infection and postoperative pain. An innovative intervention to obtain autologous
spongiosa is the Reamer-Irrigator-Aspirator System (RIA). Even though having
similar osteogenic and osteoinductive properties as iliac crest bone grafts, the RIA
bone marrow aspirate lacks osteoconductive properties as it lacks intrinsic
biomechanical stability.

Allogenic bone grafts provide a relatively safe alternative as autografts have limited
availability and harvesting is associated with longer operation time and donor site
morbidity. Allografts are usually used as cancellous bone chips providing some
degree of structural strength. Due to their porous nature, ready-to-use bone
allografts have very good osteoconductive properties. However, processing in terms
of sterilization and storage causes loss of osteogenic and osteoinductive capability.
While the use of allografts was shown beneficial in the treatment of acute
metaphyseal fractures, the results for long bone fracture non-unions are
disappointing. Finally, demineralized bone matrix (DBM) can be obtained from
allograft bone by acid extraction. This process allows the conservation of type |
collagen and non-collagenous proteins such as BMPs, TGFs, IGFs and FGFs
exerting osteoinduction. Even though mechanical support is limited, DMB provides
an osteoconductive scaffold.

Based on the different underlying causes described above, the different forms of
non-unions require specific surgical strategies. In case of hypertrophic non-unions, a
more rigid fixation is required to allow proper fracture union through replacement of
the osteosynthesis and/or additional stabilization. Apart from locking plates,
intramedullary nail osteosynthesis is often used, especially in the shaft area, which
provides the advantage of early patient mobilization under full load weight bearing. In
contrast, atrophic and defect non-unions are often associated with an impaired
biological environment at the fracture site due to metabolic, vascular or infectious co-
morbidities of the patient. Complete and rigorous resection of the non-union is
required, as incomplete removal of atrophic tissue to avoid larger bone defects
usually leads to failure of fracture union and is associated with poor outcome.
Following resection, reconstruction of the defect zone may be performed through
bridging with autologous spongiosa or, in the case of larger defects, additional
application of an osteoconductive scaffolds. If the bone defect is critical (>2 cm or >5
cm®, or if infection is suspected, a multi-stage procedure with temporary
implantation of a cement spacer to induce a Masquelet membrane is recommended.
The cement spacer is removed after an interval of 6i 8 weeks, and autologous
spongiosa is filled into the resulting lumen of the Masquelet membrane, allowing
ossification and subsequent bridging of the bone defect. In the case of very large
defects, Masquelet bone reconstruction, bone segment transport by callus distraction
with a ring fixator or vessel-guided bone grafting must be performed.

Similar to atrophic or defect non-unions, infected non-unions usually require a multi-
step and often an interdisciplinary approach. The initial surgical treatment is used
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exclusively to eliminate the infection and requires the complete resection of the
infected and avital bone. Surgical debridement must be executed rigorously and
address all infected tissue to avoid repeated surgery due to persistent infection. As
part of the primary procedure, histological and microbiological samples should be
obtained for antibiogram/resistogram adjusted antibiotic therapy. Only after complete
resolution of the infection, the reconstruction of the bone defect for successful
healing of the non-union can be performed.

Of course surgery alone is not sufficient in some of the cases where the other
aspects io&dmdrhee MdDhoul d be addressed. MSCO6 s,
and growth factors. While optimizing patient dependent modifiable and vascular sully

to the injures limb.

Despite tremendous scientific and clinical effort, impaired bone healing still
represents a complex and challenging complication following a fracture. A detailed
case history, state-of-the-art diagnostics, and individualized treatment concepts are
crucial for optimal patient outcome. Scientific advances in deeper understanding the
molecular processes governing fracture healing have resulted in the identification of
key mediators which can potentially be targeted to promote bone regeneration. The
improvement of currently available bone substitute materials and the development of
innovative biomaterials have significantly contributed to expand available treatment
options. Therefore, further research and identification of novel therapeutic
approaches with adequate safety profiles fulfils an essential clinical need, to
promote bone regeneration and restore bone defects in patients suffering from non-
unions.
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Rekonstrukcija s prostim redgnjem je obremenjen:
Odpovedi regnja | ahko povzrolijo nedelovanje a
kompresije, prepogiba ¢gil a aUdseptembmea2020@bilomnat d. ) Oc
ASST Settelaghi di Var ese 147 bol ni kov oper i
opravljeno j e bil o skupno 153 pr &)k soi ddkrilir e gnj ev
pooperativno vaskularno okvaro. V 14 od teh primerov smo pacienta ponovno operirali. V 11

primerin (7,1%) s mo uspel: razregiti.i kirurgki probl em i
pacientih regeni propadel . Nadzor regnj a j e
mi krovaskul arne motnje, sajedne epbopmjpaar esg¢asmojme

| asom do ponovnega kirurgkega posega.

ABSTRACT

Free flap reconstruction is burdened by an approximately 5% of flap loss rate. Flap failures
can derive both from arterial or vein compromise due to thrombosis, external compression,
vessel kinking, hematoma, etc.) From January 2010 to September 2020 all patients that
received a free flap reconstruction at the ASST Settelaghi di Varese where retrospectively
analyzed. Over a 10 years span, 147 patients underwent microsurgical reconstruction for a
total of 153 free flaps. In 23 cases (14.94%) a post-operative vascular impairment was
detected. In 14 of these cases, the patient was brought back to the operating room for a
surgical exploration. In 11 cases (7,1%) we were able resolve the surgical problem and gain
a flap salvage while in 3 the flap was lost. Free flap monitoring is crucial in identifying the
microvascular compromise in the post-operative free flap surveillance as the salvage rate is
directly related to the ischemia time and time to surgical re-exploration.
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INTRODUCTION

Free flap reconstruction is burdened by an approximately 5% of flap loss rate. Flap
failures can derive both from arterial or vein compromise due to thrombosis, external
compression, vessel kinking, hematoma, etc.)*

It is widely known that any delay between the flap compromise detection and
surgical re-exploration can increase the free flap failure chance; in this regard, early
diagnosis and management of vascular complication, along with a careful post-
operative monitoring, remains of primary importance.?

In 1975 Creech and Miller proposed the definition of the ideal free flap monitoring as
a noninvasive method, rapid, accurate, reliable and applicable to all types of flap.

Clinical surveillance assessing the color, capillary refill, temperature, turgor and
hand-held doppler

still represents the standard of care; however, it is highly dependent on the
surveyorsd clinical®expertise in monit

To date, many different technologies are available such as near-infrared
spectroscopy, microdialisys, tissue oximetry but in literature there is no evidence
defining the gold standard able to substitute the clinical evaluation.*>

PATIENTS AND METHODS

From January 2010 to September 2020 all patients that received a free flap
reconstruction at the ASST Settelaghi di Varese where retrospectively analyzed.

Surgical loops magnification was always used in the harvesting phase and surgical
microscope for the anastomosis phase.

In the post-operative period patients generally spent the night in the intensive care
unit (ICU) where the clinical monitoring was performed by the ICU nurses. From day
1, patients were transferred to the plastic surgery ward and the monitoring was
performed hourly by the ward nurse for the first 48 hours and every 3 hours from day
3 to day 7. In addition, every 3 hours, from day 1, the plastic surgery residents
performed an additional flap monitoring.

No other clinical monitoring was performed rather that the clinical surveillance.

126

(0]

r

ng.



RESULTS

Over a 10 years span, 147 patients underwent microsurgical reconstruction for a
total of 153 free flaps. The mean age was 57 (ranging from 16-88); 136 were males
while 18 were females. The type of reconstruction performed ranged from head and
neck to lower limb. The reconstructions were in 92 cases post oncologic and 61
post-traumatic. The type of flap used were represented by ALT/SALT free flap,
MSAP flap, radial forearm free flap (RFFF), Dorsalis pedis flap, ulnar free flap
(UFF), Latissumus dorsi flap, perforator ulnar free flap (PULP), Scip flap, fibula free
flap, lliac crest flap, tip of Scapula flap, gracilis, DIEP flap and Medial Femoral
condyle flap.

In 23 cases (14.94%) a post-operative vascular impairment was detected. In 14 of
these cases, the patient was brought back to the operating room for a surgical
exploration. In 11 cases (7.1%) we were able resolve the surgical problem and gain
a flap salvage while in 3 the flap was lost.

Among the flap losses, 3 of them were due to arterial thrombosis, 8 to vein
thrombosis, 1 to hematoma, 2 to infection. The total number of flap lost were 12
(7.79%) but most of them were in the first 5 years (80% of the flap failure)

CONCLUSION

Free flap monitoring is crucial in identifying the microvascular compromise in the
post-operative free flap surveillance as the salvage rate is directly related to the
ischemia time and time to surgical re-exploration.

The ideal flap monitoring should be precise, reliable, capable of detecting circulatory
changes, applicable to every free tissue flap. It is deducible that, when possible, it
could be helpful to combine the clinical to machine-based monitoring (i.e. NIRS,
tissue oximetry, coupler-doppler, etc). However, since to date there is no evidence
regarding the superiority of a technique over the other and considering the cost of
the materials, in our hand, at the present time, we found cost-effective the clinical
monitoring along.

The limit of our study is represented by the retrospective nature of the data and the
lack of a comparison between monitoring technique.
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Odprti zlomi, nekrektomija, antibiotiki, stabilizacija zloma, mehka tkiva

Key words:
Open fractures, debridemant, antibiotics, fracture fixation, soft tissue

| ZVLEL EK

Zdravljenje odprtih zlomov je zahtevno in povezano z velikim tveganjem nastanka
bakterijskega vnetj a. Cilje zdravljenja, to je
povrnitev funkcije pogkodovane okonl| ine, dosege
pogkodovanega udaboza@andnijbo oupdé&ov, natanl no nekr
stabilizacijo zI| oma. Potrebno je odstranitd.i V'S
bakterijske dekontaminaci|j rane. Priporolen |je
travmatologainpl asti | nega kirurga.

ABSTRACT

Open fractures and traumatic wounds represent a surgical challenge due to the risk of
infection. At the extreme this is life and limb threating, but more commonly, it limits the
options for reconstructions which can have functional implications for a patient. The goals of
open fracture management are prevention of infection, fracture union, and restoration of
function. These goals are best achieved by careful patient and injury evaluation, early
administration of systemic antibiotics supplemented by local delivery of antibiotics in severe
injuries, thorough surgical debridement, wound management. The treatment of these
wounds requires removal of contamination and non-viable tissue. A wound bed of healthy
tissue is essential for microbial eradication. In high energy and complex wounds associated
with fractures, treatment requires a combined orthoplastic approach. This combined
approach maximizes potential for reconstruction and rehabilitation while minimizing risk
infection and amputation. However, this combined approach requires significant resources.

UvOoD
Za odprti zl om j e, zar adi pogkodbe mehki h t
mestom zIl oma in okoljem. Ta povezava omogol

tkiva in osteosintetski material. Pogosti so zapleti, predvsem motnje celjenja kosti in
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vnetja, K i pomembno vplivajo na trajanje zdravl |

skrajni obl i ki ogrozijo okonlino in givljen]
tuj kov prepreli naseliteyv bakteri|] i n j e [
Nadaljevanje zdravljenja temelji na sodobnih tehnikah stabilizacije zlomov in
nadomegl anju izgubljene kostnine, na metodart
urgentni obravnavi pogkodovani h g¢gil. Cil ] z
ampak tudi pr eptreV eivmnpevizmipt ev funkcije v 7
j e potrebna nalrtna obravnava i n ti mski p
(travmatol ogi , pl astil| ni in gilni kiruragi)
negovalnega osebjav sklopuorto pl ast i | ni h centrov.

PATOFIZIOLOGIJA ODPRTIH ZLOMOV

Na pogkodovani ud deluje kinetilna energija,
tkiv. Velji kot je prenos energije na telo,
kontaminaci jlm aoklniekalv rfaargg ikontaminirajo kog
zr aka, v tegjih obl i kah S0 rane kont amini
Pogkodovano, avaskularno in nekrotilno tkiVvec
Sl abo prekrvavl jghatpotir bt phomoprzad del ovan
pred imunskim sistemom pogkodovanca. Prisot

nevarnost infekcije.

Jackson je leta 1953 predstavil konceptualno pomemben model za razumevanje
patofiziologije rane. Opisal je tri cone: cono nekroze, cono hiperemije in med obema
cono staze. Cono nekroze je potrebno v celoti odstraniti. Cona hiperemije ima
potencial za popolno okrevanje. Vmesna, prehodna cona staze, je ranljiva in lahko
preide v cono nekroze, mdtlei Iniez azcaigjoat otvk imw) minm
dodatne pogkodbe (infekcije, molni'antisepti

OCENA POGKODBE

Ocena pogkodovanca in pogkodovane okonline
zdravl jenj a. Nuj ni S0 padag&kgkoa bé as pomambm
natan| na ocena prekrvavitve in nevrologkega
rane, obsega kontaminacije, ocena pogkodbe p
zl oma | ahko sklepamo o vel i kosddovaniud. Zs mer i |

oceno zIloma naredi mo rentgenske posnetke Vv
preiskava, je potrebno razmisliti o uporabi kontrasta za prikaz arterijske oskrbe

pogkodovanega uda. Oceno pon advavljgnm.rPodatkio pos an
zdravju in splognem stanju pogkodovanca i ma
(kajenje, sladkorna?bolezen, ¢gilna obolenja)
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KLASIFIKACIJE

Pod odprte zIlome gtejemo velik spekter pogk
razl i |l no pr ogn odfigacijo &prshtzlenmov so nastalikz Ineanenom, da
standardi zirajo stopnj o okvar e, usmerjajo
prognozo in primerjavo rezultatov zdravljenja®. Pogkodbo naj bol j

razvrstimo po opravljenirdemgkbsturghkemopdseéag

Katera klasifik&cija se priporol a

Orthopaedic Trauma Association open fracture classification (OTA-OF C) nat anl| nej
opi ge pogkodbo, je bol j ponovljiva in bol]j
splogno bol j r-Andaysonoya &lasifikacija®dpstih dlomave.

OSKRBA POGKODBE

Zdravljenje odprtih zlomov razdelimo v 4 faze*:

l.zal etno zdravljenje,

2. primarni Kkirurgki poseg,
3.sekundar ni Kirurgki posegi i n
4. rehabilitacija.

ZALETNA OSKRBA

Odprti zlomi so pogosto posledica vi sokoenergetskih pogkodb,

gi vl jenje pogkodovanca. Oskrba teh pogkodov
prvem mestu r egddvanned drauma Mfé¢ Suppork aATLS protokol
oskrbe), nat o regevanj e dlantenjloskmakonparsnent b a p o ¢

sindroma) in skrb za povrnitev funkcije uda.

V zaletno oskrbo odprtega zloma sodi zagl it
Fotografija zmanjga potrebo po odkrivanju r;:
pred prihodom v operacijsko dvorano. Pomembna je imobilizacija uda, preverimo

vaskul arni status pred i n po i mobilizaciji
zaglito glede na nj i A Boslobin® rasnajgeziopr ecepl j enos

Priporolena je uporabapanpopkodbkoyzhompa;j
prejema pogkodovanec do dokonlne kirurgke o
vel kot 72 ur od pogkodbe. Gtudije so pokaz
zmanj ga pogost nos tsresmakakovosndokazow’adp | et ov (
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Kat er i antibiotiki so priporoleni?

Ciljni mikroorganizmi v rani so v prvi vrsti gram pozitivne bakterije. Pri odprtih zlomih

uporabimo prvo generacijo cefalosporinov. Pr
okvaro mehkih tkiv (Gustilo II | ) j e priporolena wuporaba at
negativnim bakterijam, kot so gentamicin ali cefalosporini tretje generacije. Pri

potencial ni kontaminaciji S kl ostridiji S ¢

anaerobnim bakterijam (penicilin, klindamicin)®.

V. Sloveniji j e priporolena uporaba amoksi / k
klindamicina?. Jemanje tkivnih kultur v zaletni fa
opti mal nega antibiotika, s aj z nji mi v vel
povzrolitefja infekcije

PRI MARNA KI RUKRBKIADILEBE

Kdaj je optimal ni | as za prvi kKirurgki poseg
Literatura ne podpira jasne | asovne | ol nice
rezul tat zdravl jenja. Pomembne| §ga edsdma nat a

odstranitve tujkov in mrtvih tkiv) in zgodnja uporaba antibiotikov®.

Splogno je sprejeto staligle, da predstavl je
ur temel ji na teoretilnih gtudijah o razmno
doka z i . Nekaj dokazov | e, da odlaganje s prin
pogostnost septilnih zapl et ov, sredmeekdkovws m pr i
dokazov).

BOA Standardi British Orthopaedic Association (BOA) v zadniji reviziji predlagajo
takojgnjo oskrbo odprtih zlomov s hujgo kon
odprte zlome z visokim prenosom energije in znotraj 24 ur ostale, nizkoenergijske

odprte zlome®*?,

KIl'jub pomanjkanju dokazov se pri pastopjba pr v
opti mal ni pogoji. Urgentne posege prepogos
izkugeni mi kKirurgki mi eki pami . Primarno zdr
travmatol ogov in plastikov, ki bdlo pogkodbo

Nekrektomija

Odstranitev tujkov 1in mrtvih tkiv preprel.i
vpliva na wulinkovitost iIimunskega sistema in
odprtih zlomih je sistematski postopek, pri
koge i n podkogja, odstranimo mrtve migice (V¢
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krvavi t eivanghi4@), odstranimo kostne fragmente, ki nimajo povezave z

me h ki mi t ki vi (razen | e gre za odl omke, K i
povr gAirni) .posegu zagliti mo i n ohrani mo gil e
neposredno po pogkodbi ni dovolj. Glede na ¢

ponovno revizijo in dodatno nekrektomijo rane po 48 urah in neposredno pred
dokonlno oskrb® mehkih tkiyv

Izpiranje
Katero tekolino, koliko in na kakgen nalin i

|l rigacija odprtega zloma je Kkljulna za zma

tekoline Za i zpiranje ne vpl i va na verj et
raztopine se ob pomanj kanj u klinil|lnih dedi@aasiopnia ne p|
dokazov)**3.

Pomembnej gi od sestave je volumen tekoline
z|l ome Gustilo I, 6 | za Gustilo Il in 9 | 2z

nizkim pritiskom (visoka stopnja dokazov).>*®

Stabilizacija zloma

Oskr bi rane tako]j sl edi stabilizacija zI| oma
tkiv, zmanjga vnetni odgovor pogkodovani h tk
pogkodovanca. daredi nmol i dozkal asno stabiliza
uporabimo plogle, ¢geblje ali zunanje fiksatoa
kost , mesto zloma in obseg pogkodbe mehkih
anatomsko naravnavo i n s tfiaebkodti 8 &orekcijovosi st i t e v,
dol gine ter ulvrstitviijo, K i naj man| dodat

potrebno pomen nalrtovanja dokonlne oskrbe o

Zal asna uporaba zunanj e gsaan-plan)kks @emosti gloam, j€ pr i nci

dobra metoda, s katero ne smemo zapretdi pot
dokon| no wulvrstitev se priporola takoj, k o
mehki h tkiv. Le traja zunanja fiksacija vel
brezfiksator j a pred dokorfl no stabilizaciijo

Katera kirurgka oskrba odprtih zIl omov gol eni
zapletov?

Ni razlike med definitivnim zdravljenjem odprtih zlomov goleni z intramedularnim
gebljem in cirkularni m paGuatiojinlmObe métoslisth or j e m
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bol j gi od zdravljenja s plogl ami al i uni | at
zlomov Gustilo 1A in 1lIB je najmanj infektov pri uporabi cirkularnega zunanjega
fiksatorja®.

V lTiteraturi ni dokbhkpey ¢dai pdokbaVanj e@esgrt
povela verjetnost™septilnih zapletov

Lokalna antibiotilna terapija?

Topilna uporaba antibiotikov v teoriji oOmogo
pogkodbe, ne da b i proi temultivrelga.l i Omielgajt n
uporablja PMMA v obliki kroglic ali oblikovanih spacerjev, ki so impregnirani z
antibiotiki (aminoglikozidi, vankomici n, c
uporaba sistemskih in lokalnih®ntibiotikov

Oskrbarane
Ali je varno primarno zapiranje rane in pod katerimi pogoji?

Tradicionalna praksa odlogenega celjenja ran
poudarjanj a pomena odstranitve mrt vi h t ki
stabilizacije zlomov in zgodnje sistemske uporabe antibiotikov je primarno zapiranje

rane varno in boljge za pogkodovanca, seve
p o § k o drddeia sfopnja dokazov)*°.

Kakgna je uporabnost terapije z negativnimt

Lokalna terapija z negativnim tlakom za oskrbo rane nad odprtim zlomom se
priporola za kratek | as (srednfa stdpnja dokazbw>’. \d e f i ni t
nobenem primeru ne zadogla za odbprte rane po

Avtorji Cochranove bazepasovsvoji analizi zakljulili, da t
zmanjga verjetnost infekta, zapletov, | asa ¢
givljenja gl ede na standardno oskr®Bo. Me
Posodobljeni BOA standardi na podlagi te anal i za pri porol ajo k1 a
obkl adki , |l e rane primarno ni mogol e zapreti
Kdaj je pravi | as za dokon|l no oskrbo mehkih
Rana mor a biti | i st a, kar ] e osnovni pogo

Priporola se zgodnj e3-%kdniivisgkastopnja dokdzav)>yre znotr
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Kakgni so dokazi o razlilnih vrstah regnjev

Razlilne oblike regnjev za kritje defektov 1
primerljive glede na pr eay,pogedtnost streselgmoy, e v , ce
infektov in glede na tegave na odvzemnih me

mi gi |l ni r egdnjstednlaetdppja dok@aow’s | j i vi (

Tehnike rekonstrukcije mehkih tkiv so odvisne od mesta in obsega okvare. Princip
ortoplasti |l ne rekonstrukcijske | estve predstavl
ki ge omogola zadostno'kritje kosti z mehkin

ZAKLJUL EK

Odprti zlomi so povezani z veliko morbiditeto. Oskrba po sodobnih standardih
zmanjga nevarnosov.sepnitavanglkhel anti bi oti ke

pogkodbi po | okalno veljavnih smernicah. Os
razvrstitev pogkodbe po sistematskem pregl ec
okonlino naravnamo, i mo b imb iinz starilaompokrijemo.a n o f C
Priporola se ortoplastilni pristop, kjer od
pogkodbo primarno kirurgko oskrbijo (nekrek
oskrba mehkih tkiv) i n nalar tzudjreajva j eadg al j(edvo
stabilizacija zl oma, oskrba kostnih defektov
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ODPRTI ZLOMI NA SPODNJ | OKONL I
DR. JOGETA PW@WTRLA PT

REPORT OF OPEN FRACTURES IN 2019 AT
GH DR. JOGETARTWOTRLA

Matija Jakopanec, Teodor Pevec

POROLI LO

V. Splogni bol ni gni oibrBvajpvamob petap@hée&ddova
zl omom na spodnji okonlini

Glede na AO/GA klasifikacijo smo jih razdelili, kot je razvidno v tabeli 1.

Tabela 1. Razdelitev pacientov glede na AO in GA Klasifikacijo

AO klasifikacija Gustilo Anderson klasifikacija
P.M. 1957 41A2.1 I
L.M. 1949 44B3.3. I
G.F. 197 82A1 I
G. | . 196 44B2.1 I
L. L. 199 42C3; 4F2B I
Pri 4 od 5 bolnikov je bila narejena pri mar
enem bolniku je bila narejenal@ddbdogepa pbQhke
zaradi stanja mehkih tkiv, glede na to, da so bile prisotne samo odrgnine in oteklina,
ni bila potrebna takojgnja operaciij a. Pri b
narejena osteosinteza v obliki zunanjega fiksatorja, pri bolniku z odprtim prelomom
glegnja pa osteosinteza s ploglo in vijaki

pogkodbo Ahilove tetive |je-ghiclaami patejrema iod
odl ogeno primarno oskr bo, -gd st damranipretijakiza s kon

Noben pogkodovanec ni bil poslan v drugo ust
ni smo dobili pogkodovancev iz drugih ustanov

Pri enem od dveh bolnikov, pri katerem je bila primarna oskrba narejena z zunanjim

fi ksatorjem, smo | ez slaba dva meseca po op
gebl jem zaradi tega, ker ni bil o vidno celje
ge ena operacija Vv smislu odstrani tSsma st at.
rana se je zacelila v slabem tednu. Priso
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Schanzovih vijakih, katera se je ustavila prav tako po nekaj dneh. 10 mesecev po
p o g k osd prelom celi, gibljivost v sosednjih sklepih je funkcionalno zadovoljiva,
bol niviedgpe® hodi na fizikalne terapije. Kirur ¢

Pri drugem bolniku smo po odstranitvi zunanjega fiksatorja nadaljevali s
konservativno terapijo, in sicer s Sarmiento mavcem slabe 3 mesece po primarni
oskrbi. Ra z | o gitezjabild stakogokatno siathjé. @dlrgnine so se zelo
slabo in dolgo celile, pojavilo se je tudi
Po saniranju vnetja in zacelitvi rane smo nadaljevali zdravljenje z zunanjim

fiksatorjem do namestitve mavca. Kljub temu je sledila dobra tvorba kalusa, kar je

vodil o v zacelitev preloma 7 mesecev od poglk
na fizikalne terapije, prisotna je manjga
obremenitvijo.

Pogkodovancu z od perttniint e prienl o mo qhk opd b o Ahil o

zdravljenje nadaljevalizOSsK-gi cami do otdesh r@nmée yecéw po pocC
Rana se je zacelila po 4 tednih zaradi vztr
zaceljen 3 mesece po polgklordibk .gd evxeodrmpom Modik
terapijo zaradi boleline na mestu pogkodbe
gol eni. Kirurgko zdravljenje ge vedno ni zak
Pri pogkodovanki z odprtim prelomom glegnja

opravii odstranitev osteosintetskega materi al a
Staphylococcus aureus. Sledilo je obdobje fizikalne rehabilitacije ter zdravljenje rane

tudi s pomoljo Bioptron svetlobe, seveda po
glede na izvid antibiograma in po posvetu z infektologinjo. Pri pacientki se je na

koncu razvila Sudeckova distrofija. Kl jub t
zdravljenja in rehabilitacije izboljgal o. Ki
Pri pogkiodovaomdd ogeno pri marno oskrbo s mo

omenjeno osteosintezo s K-g i ¢ a mi in perforirani mi vijaki
takrat se | e | okal no stanj e umiril o, kar

mesecev po pogkodbadpee bnd gagpodontrzoli. T
fleksija zaostajala za 15A, pl antarna dorzi f
zdravljenje se je takrat zakljulilo. Bol ni k
PRIMER:

25-letni bolnik sprejet v jutranjin urah v. nago wustanovi po tem, k
al kohol ni h pijal padel i n s pogkodoval gl av
Lokal no smo ugotavljal:@ manj ge rane na gl av

tretjini. Anteromedialno se je opisovala centimetrska ranica z aktivno krvavitvijo. Na
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desni gol eni je bilo prisotnih vel manij gi h

umazani z bl at om. Leva noga je distalno od
motenj. Z RTG diagnostiko smo ugotavljali miultifragmentarni prelom diafize tibije v

srednji tretjini i n na i sti Vi gini prelom fibule (sl
temel jito toaleto obeh okonlin in rane steri
zaglito. Namestild] smo zal asne Cr adboesmg eve o0fj

opredelili kot 42C3 ter 4F2B, po GA klasifikaciji pa kot stopnjo I.

Pacient je bil nato sprejet na oddelek ter po predhodni predoperativni pripravi pa ur

od pogkodbe operiran. Namestil. Ssmo zunanji
oskrbeli tudi samo rano v smislu debridementa in primarne oskrbe. Pacient je prejel
tudi predoperativno antibiotilno zaglito v o

Pooperativni potek je bil brez posebnosti, rana je bila mirna, brez znakov vnetja,

okonlina je bikva PaezeNCai amadoaul il i hodi t i
tako je pasivno razgibaval sosednja sklepa ¢
j e pokazal a zadovol jiwv pol ogaj (slika 3) .
operativnem posegu z Ioavodili za domal o oskr
Prva kontrola je sledila 5 dni po odpustu i z

je bilo mirno, brez znakov vnetja, prav tako ob Schanzovih vijakih ni bilo vnetja. RTG
kontrola je pokazala nespremenjen pol ogaj f
(slika 4).

Druga kontrola je sledila |ez teden dni, t a
najbolj proksimalnem in najbolj distalnem Schanzovem vijaku, vendar brez znakov
vnetja. Schanzovi vijaki so bili stabilni. Sama rana na mestu odprtega preloma je bila

zacel jena. Ob RTG kontroldi ni bil o dodatnih
tako ge ni bilo znakov tvorbe kalusa (slika
fiksacijo.

Tretja kontrola je ponovno sl eothe $ekrecieelz 7 dn

vijaki h, okonlina je bila brez NC izpadov.

pol ogaj (slika 6). Operater se takrat ni od
mu obremenjevanje okonline do 15prdglgdanvl st i d
nagqg.i ustanovi , ker mu je spodrsnilo in je ol

Lokalno je bila na mestu preloma opisovana oteklina ob stabilnem zunanjem
fi ksatorju. Opravljena je bila tudi RTG kont
(slika 7).

Letrta kontrola je sledila po treh tednih,
Pacient je bil brez tegav, |l okal no stanje |
vnetja, fiksator je bil stabilen. Opravljena je bila RTG kontrola, kjer je opisovan

podoben pologaj, kot proi prejgnjem posnetku
Pacient je bil nato naslednji dan predstavlj
bil odstranitev zunanjega fiksatorja in notr
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Slaba dva meseca p o pogkodbi S mo pacient a port
odstranitve zunanjega fiksatorja ter names:t
predoperativni pripravi smo odstranili zunanji fiksator ter ugotavljali nestabilen
prelom. Nato smo naredili osteosintezo s povrtavanjem in namestitvijo

intramedul arnega geblja (slika 9). Pooperat.i
bila brez NC izpadov, incizijske rane so bile mirne, brez znakov vnetja. Peti
pooperativni dan s mo paosktbennavadiliodpustili v do
Prva kontrola po reoperaciji je sledila peti
mi r ne, brez znakov vnetja, okonlina je bila
malenkostno omejena v smeri fleksije. Opravili smo RTG kontrolno slikanje, kjer je

opi sovan zadovoljiv pologaj (slika 10). SV e
razgi bavanje glegnja in kolena.

Druga kontrola je sledila po 14 dneh. Ob kontroli je bila opisovana atrofija stegenske
mi gi ce, rane so nag biaaérezeNCiizZpaslgv. Opriavili rstho RTG

kontrolno slikanje, kjer je opisovan zadoV
od!l ol il za dinamizacijo intramedul arne o0steo
narejena naslednji dan. Odstranjen je bil vija, Kateri je namenjen za dinamizacijo. Za

domal o oskrbo smo svetovali obremenitev noge
Tretja kontrola je sledila gest dni po odst

bilo brez posebnosti. Opravili smo RTG kontrolno slikanje, kjer je bila opisovana
mi ni malna dinamizacija z dobrim pologajem

obremenitev okon|line do 20 kg.

Letrta kontrola je sledila | ez mesec dni . P
bol elino. Lokal no st atnij.e REBG bk d mt rbalez pokaede
glede na prejgnjo sliko, takrat brez veljega
Peta kontrola je sledila po dveh tednih. Tal
samo s pomoljo ene bergle, bol eilajmopisosak al no |
zamegl jen prel om, kar je dalo vtis zal etne
obremenjevanje noge do bolelin, podan je bil
Gesta kontrola je sledila po konl|lanem zdrav
pol . Pacient je okonlino obremenjeval S po
obl asne boleline pri vel ji obremenitvi. RTG

celjenja % smi sl u radi ol ogkega kal usa (sl
naul eni hnkraat kraez gportnih aktivnost.i

Sedma kontrola je sledila | ez dva meseca. P
mestu preloma ob veljih obremenitvah ter ote
se je tipal obsegen kalus noanmeatuofpiojgkondbei
RTG kontrola |je pokazal a obsegen kal us ter
Svetovali smo obnovitev fizikalne terapije s
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Osma kontrola je sledila po treh mengvalci h. P
ali vremenskih spremembah ¢ge nekaj obl utl jiwv
stanje brez posebnosti, ge manj ga atrofija
primerljiva z nepogkodovano nogo. RTG kontr
dobrem pologaju (slika 17). Operater se za (
ponovno napoten na fizikalno terapijo, kirur
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