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Abstract

Soft tissue defects of the hand may result from trauma, oncological procedures, or severe infections. Different
etiologies have been discussed. In all cases, an accurate clinical examination is mandatory to understand which
structures are involved and what must be reconstructed. It can be helpful to simplify the decision-making process
to classify these lesions. However, there is no consensus on which classification is best to be used among those
described in the literature. This review presents the most common ones, differentiating those classically used to
describe tissue loss consequential to a traumatic event from those used to classify soft tissue defects consequent
to other events.
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INTRODUCTION

The goals of hand soft tissue defect reconstruction are to provide good soft tissue coverage to protect
underlying structures, to achieve functional outcomes as quickly and as completely as possible, and to
obtain the best possible aesthetic results?. Composite reconstructions™ mainly refer to defects caused by
severe trauma or by oncological or septic treatments. The high functional requirements of the hand with an
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intact osteoarticular structure depend not only on the skin coverage but also on the maintained function of
tendons, vessels, and nerves. The new achievements in the research of skin blood supply, biological repair,

and tissue bioengineering*®

, together with the advances in reconstructive surgery, allowed the finding of a
vast armamentarium of methods to solve this kind of defect. The skin of the palmar region differs from the
dorsal one in thickness and flexibility and is important for the coverage of noble structures. Additionally,
the dorsal skin is characterized by high mobility with respect to the underlying tissues, allowing complete
flexion and extension of the fingers”®. The accurate reconstruction of the involved tissues and early
mobilization are the cornerstones for restoring proper function. One of the aspects, which still sparks a lot
of discussions, is the right timing for the reconstruction™”: immediate or delayed, one or two stages. If a
staged approach is deemed to be the best for the patient, the primary reconstruction should enhance and in

no way compromise the secondary procedures.

This issue will focus on the type of defects (site, size, involved tissues), the timing of reconstruction, and the
possible methods to be used, always considering the patient's profile with their general clinical conditions.

ETIOLOGY

Soft tissue defects of the hand may result from trauma or may follow surgery as it happens in oncological
procedures or after debridement of severe infections. A systematic and correct anamnesis, together with the
first clinical evaluation of the patient and the lesion, may help to determine the nature of problem and then
the etiology. The anamnestic data are essential to understand the etiology and focus on possible factors""
influencing the treatment and prognosis, defining possible complications and eventual final disabilities: age,
sex, diabetes or other systemic diseases, vascular problems, conjoint drug assumption, smoking, and alcohol
dependency. However, sometimes this might be difficult, i.e., when facing a traumatic defect in polytrauma
or unconscious or non-cooperative patients. Then, laboratory and instrumental exams will follow to guide
the surgeon to the right treatment plan.

Traumatic defects

The nature of the trauma responsible for the loss of substance must be taken into consideration, as well as
the causing agent and the mechanism of injury, the energy of the trauma, the timing of the accident, the site,
dimensions, and characteristics of the lesion, as those pieces of information can guide to plan the extent of
trimming, to predict the risk of edema and its consequences and, possibly, to guide the choice of a
therapeutic option. The most common types of trauma leading to loss of substance are!”:

o Abrasion: abrasion lesions mainly concern the dorsal surface of the hand and fingers and may be
accompanied by tendon and joint lesions. The classic "door hand" is encountered during road accidents and
results from violent abrasion of the dorsal side of the hand and fingers against the road pavement. Tendon
lesions and osteoarticular apparatus may be associated.

o Avulsion: cutaneous avulsions occur on the dorsal or palmar surface, often in continuity with the avulsion
of the digital skin. These injuries are usually caused by industrial machines with driving rollers; underlying
osteoarticular lesions by crushing can be observed™’.

o Crushing: those injuries are caused by industrial machinery such as a pneumatic press or power hammer;
the articular lesions are often complex and comminuted, and it is sometimes difficult to appreciate the
importance of the cutaneous trimming to carry out in urgency. In this context of crushing, one must fear

[14,15]

the occurrence of significant postoperative edema
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e Burn: splashes of molten metal or lesions due to heating presses can cause deep third-degree burns,
sometimes concerning both the palmar and dorsal sides of the hand. Again, the occurrence of significant
postoperative edema should be feared. Several successive trimming times are often necessary, given the
difficulty of urgently assessing the exact extent of the burn"**".

e Gun wounds often cause stereotypical lesions with an inconspicuous entry portal and an extremely
dilapidated exit orifice. Regarding penetrating wounds, the lesions are usually mixed: vascular, tendinous,
osteoarticular, and cutaneous'*.

The involved structures (skin, muscles, tendons, bone and joints, vessels, nerves) are finally the elements to
be examined individually for precise evaluation and classification of the lesion. After an accurate inspection
of the defect, a functional exam is mandatory to check distal vascularization through the presence of
peripheral pulses, lack of function due to muscle-tendon damage or nerve lesions, looking not only for the
motor but also for sensory deficits".

Instrumental exams should complete the clinical evaluation®. Even if the lesion mainly involves soft
tissues, an X-ray examination may help identify underlying bone and joint problems or foreign bodies.
Echography”"*” is a rapid and non-invasive system to evaluate soft tissues, even dynamically if necessary,
completed by an echo-Doppler if the vascular system needs to be assessed. Second-level exams may be MRI
and angiography or angio TC when required.

21,22]

The clinical exam of a severe lesion with tissue loss is often better performed in the operating room, in
sterile conditions, and with good illumination. The lesion should preferably be documented even with
photos. The debridement and gradual exam of the lesion, going from superficial to deep, should give data
on vascular perfusion through the color of the structures, turgor, bleeding, and capillary refill. Particularly,
the muscle evaluation should follow the four C's rule®: Color, Contractility through mechanical or
electrical stimulation, Consistence, and bleeding Capacity. Tendon and nerve continuity is finally assessed.

Defects from surgical procedures

The technical issue of reconstructing a tissue loss from the surgical excision of a tumor or severely infected
tissues may be similar. In both situations, the surgeon performing the excision of the involved tissues should
do it widely to avoid recurrences of the pathology, eventually leaving tissue loss but with healthy margins.
As for the traumatic defects, the treatment plan should consider the site, dimensions, and characteristics of
the defect together with the involved structures.

Tumors

The current multimodal approaches, combining wide surgical resection with radiotherapy and/or
chemotherapy, allow limb preservation in 90%-95% of patients”***. The excision plan is generally performed
after the pre-operative clinical and instrumental data acquisition, allowing the reconstructive surgeon to
program the best anatomical and functional repair option. Ultrasound and MRI are helpful diagnostic
tools***”. Surgical margins are the essential factor associated with local tumor control® ", but obtaining
good oncological margins can result in extensive or critical loss of bone and soft-tissue components”
which could then need an appropriate plan of reconstruction which is generally to be performed after the

tumor resection in the same surgical act.

Malignant tumors of the hand needing extended resections with a risk of soft tissue defects are uncommon,
though it is important to know them™. Among the bone tumors of the hand are described high-grade
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chondrosarcoma, osteogenic sarcoma, and Ewing sarcoma. Among the soft-tissue sarcomas, the common
subtypes are epithelioid sarcoma, synovial sarcoma, myxofibrosarcoma, rhabdomyosarcoma, and
liposarcoma.

Infections

Infections are always more frequent in hand surgery. Early identification and antibiotic treatment are
usually sufficient to achieve optimal outcomes and avoid tissue losses. However, it is not uncommon to miss
or delay diagnosis, eventually leading to the necessity for extensive trimming, amputation, or death*.
Conditions necessitating urgent attention are:

e Necrotizing fasciitis: fascia and subcutaneous tissue are involved, typically in immunocompromised
patients. Extremities are usually affected in type 2 due to group A Streptococcus and/or Staphylococcus
infections. Extensive debridement to healthy tissue is necessary and has to be repeated every 24-48 h to
reduce the risk of amputation. Nevertheless, mortality rates will not be reduced, ranging from 23% to
76%"°.

e Pyogenic flexor tenosynovitis: bacterial infection of the tendon sheath can lead to the "necrotic stage" (stage
3), necessitating tendon and adjacent soft tissue excision.

e Deep hand space infections are less frequent and usually result from the spread of flexor tenosynovitis or a
penetrating injury. Thenar and hypothenar abscesses might need both volar and dorsal approach, whereas
midpalmar abscesses should be approached with a midpalmar transverse incision.

e Septic arthritis: infections of the joints of the hand, if not recognized, can lead to osteomyelitis. Although
osteomyelitis is rare in hand, it has to be recognized as it can lead to amputations (especially when distal
bones are involved) or massive excisions of bone and surrounding tissues needing reconstruction.

Beyond clinical diagnosis and laboratory tests, radiological exams such as echography, CT, and MRI are
mandatory to evaluate the extent of the infection.

CLASSIFICATIONS

After accurate clinical and radiological examinations, such as those described above, the surgeon can
understand and classify the lesion. However, we suggest classifying it after the appropriate excision of the
compromised tissues, which may change the picture of the final lacking and remaining tissues. There is no
consensus on which classification is best among those described in the literature. We present the most
common classifications, differentiating those classically used to describe tissue loss consequential to a
traumatic event from those used to classify soft tissue defects consequent to other events.

Traumatic defects

Several systems are present in literature with the object of classifying lesions secondary to trauma: Gustilo-
Anderson”” and Tsherne and Hannover scale® evaluate both soft tissues and bone lesions (open fractures).
As for systems conceived mainly for soft tissues, the AO soft tissues classification” and the TIC-TAC-TOE
system'* are the most known and used.

The Gustilo-Anderson classification™, first proposed for lower limbs open fractures, describes the
exposition size and whether intervention from a plastic or a vascular surgeon is necessary. However, it does
not help to discriminate which type of reconstruction will be needed.
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The Hannover Fracture Scale (HFS)" was initially conceived as an extension of the Tscherne classification,
which was not only the first to describe open fractures but also included the damage of the soft tissues in
apparently closed fractures. The HFS has been widely used to provide information on bone and soft tissue
lesions but also their contamination and possible timing of treatment. Its main disadvantage is its long and
laborious compilation, eventually leading to some difficulties when used in an emergency. As it also
requires the systematic use of culture swabs before and after the initial debridement, several Centers report
difficulties in the data compilation. Finally, it seems more suitable for research than for deciding on limb
salvage in an emergency.

AO developed an anatomical classification system describing soft tissue lesions™, including skin, muscles,
tendons, vessels, and nerves [Table 1]. At the same time, fractures may be evaluated using the well-known
and used Miiller AO/OTA classification. The integrity of the cutaneous layer is one of the main elements to
be considered. Lesions are then divided into closed (IC) or open (IO) with a severity degree ranging from 1
(minimal damage) to 5 (wide and severe loss of tissue). The muscle-tendinous (MT) evaluation is difficult to
be used in clinical practice, especially in closed lesions. The problem arises, for example, when the
functional deficit caused by compartment syndrome is attributed to muscle damage or a neurological
problem. The most reliable and reproducible aspect of this system is the evaluation of nerves and vessels
(NV). Carefully evaluating the nerve function is fundamental to correctly classifying the wound.

In 1997, Weinzweig and Weinzweig “” described their "Tic-Tac-Toe" classification system, initially thought
for mutilating hand injuries. The name comes from the anatomical part of the classification in which the
different bones of the hand are divided into nine squares similar to those of the famous homonymous game
[Table 2]. Along with the anatomical location of the lesion, this classification specifies the type of injury
(dorsal mutilation, palmar mutilation, ulnar mutilation, radial mutilation, transverse amputation, degloving
injury, and combination injury), the subtype (soft-tissue loss, bony loss, and combined tissue loss) and the
vascular integrity (intact or devascularization). This system is accurate and easy to reproduce to classify
traumatic lesions, especially when the surgeon faces complex injuries such as mutilated hands.

Non-traumatic defects
Due to the wide range of possible tissues involved, no specific classification of the tissue loss resulting from
surgical procedures for oncologic or infectious diseases exists.

However, the reconstructive plan will depend on the need to restore only skin coverage or also to
reconstruct muscle masses, vessels, and nerves. The element which may classify the problem guiding the
following reconstruction is the need for marginal or compartmental excision. In case of surgical removal of
one or more tissues involved by the tumor or the infection, the technique will aim to repair the single
damaged tissues. On the contrary, a compartmental resection will generally require a composite
reconstruction including all the tissues of that compartment preserving distal survival (vessels
reconstruction) and restituting the limb function (muscles, tendons, nerves repair).

In deciding which kind of treatment for what type of defect in the hand, we believe that Ono's classification
is very useful ™. It is a general soft tissue defect of the hand classification that does not consider the etiology
of the tissue loss. This classification takes into account whether the defect is palmar or dorsal, the location,
and the size of the defect. The skin on the palmar side is hairless, immobile, and thick, whereas the skin on
the ulnar side is thinner, supple, and mobile. The location follows the functional aesthetic units described by
Rehim et al. and divides the hand into a distal finger (middle and distal phalanx)/thumb (distal phalanx)
unit, a proximal finger /thumb unit (from the proximal interphalangeal joint to the metacarpal-phalangeal
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Table 1. AO Soft tissue classification

Closed skin lesions (IC)

IC1 No evident skin lesion

IC2 No skin laceration, but contusion
IC3 Circumscribed degloving

IcCa Extensive, closed degloving

IC5 Necrosis from contusion

Open skin lesions (10)

101 Skin breakage from inside out

102 Skin breakage from outside in <5 cm, contused edges

103 Skin breakage from the outside in > 5 cm, increased contusion, devitalized edges
104 Considerable, full-thickness contusion, abrasion, extensive open degloving, skin loss
105 Extensive degloving

Muscle and tendon lesions (MT)

MT1 No muscle injury

MT 2 Circumscribed muscle injury, one compartment only

MT3 Considerable muscle injury, two compartments

MT 4 Muscle defect, tendon laceration, extensive muscle contusion
MTS5 Compartment syndrome/crush syndrome with wide injury zone

Nerve and vessel lesions (NV)

NV 1 No neurovascular injury

NV 2 Isolated nerve injury

NV 3 Localized vascular injury

NV 4 Extensive segmental vascular injury

NV 5 Combined neurovascular injury, including subtotal or even total amputation

Table 2. “Tic-Tac-Toe" classification of anatomical zones™”’

ZONE1 ZONE 2 ZONE 3

Proximal and distal phalanx of the ~ Proximal, middle, and distal phalanx of the index and Proximal, middle, and distal phalanx of the ring and
thumb middle finger little finger

ZONE 4 ZONE 5 ZONE 6

First metacarpal bone Second and third metacarpals bones Fourth and fifth metacarpals bones

ZONE 7 ZONE 8 ZONE9

Trapezium, trapezoid and Capitate and lunate Hamate, triquetrum and pisiform

scaphoid

joint), and a hand unit (from the metacarpophalangeal joint to the wrist)"”. Finally, the size is assessed in
relation to anatomic features rather than in centimeters: the defect is considered small if it affects only one
surface (dorsal, palmar, or lateral), medium if two surfaces are involved (two adjacent surfaces of the same
phalanx, or one surface of two adjacent phalanges at the fingers; two adjacent surfaces of a single metacarpal
or two adjacent metacarpals at hand), and large for any bigger or noncontiguous defects.

Similar to Ono’s classification is Das De’s!*”), which analyzes the surface (dorsal and palmar) and the size
(number of "units" involved), like the previous one, but differs in location description: it classifies soft tissue
defects in radial, central and ulnar in order to indicate which local flap (when sufficient) is anatomically
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more appropriate.

CONCLUSIONS

No classification has been proven comprehensive or superior in describing soft tissue defects of the hand.
We believe that a good classification is the one used after all necrotic, oncological, and infectious tissue has
been correctly removed, and is familiar to all surgeons and radiologists within the same center to facilitate
communication and improve patient care.
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