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Abstract: The treatment of avulsion injuries of the fingers is complicated by the lack
of universally accepted treatment guidelines and the wide variety of reconstruction
techniques. The aim of this paper is to present a case and review the scientific literature
to provide clear criteria for amputation and reconstruction and to present and discuss
the reconstruction techniques with the best results.
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Introduction

Degloving soft tissue injuries (DSTI) are a type of avulsion injuries that
consists of separation of a portion of the skin and subcutaneous tissue
from the subcutaneous fascia, tendon sheaths, bones and muscles. These
injuries can affect any part of the body, but the lower limbs, face and
neck, back and upper limbs are the most commonly affected [1]. DSTI
often involves concomitant damage to deeper anatomical structures,
most commonly nerves, blood vessels, bones and tendons [2]. The main
principles of treatment of DSTT are rapid diagnosis, excision of non-
viable tissue, skeletal fixation if fractures are present, and replantation of
the amputated body part. After replantation, a series of reconstructive
surgeries follow, with the aim of restoring the lost function of the
amputated limb [3, 4]. The basic functions of the hand and fingers are
severely affected by DSTI: the manipulator function of the hand, the
grasping function of the fingers, the opposing function of the thumb,
and the tactile sensation of the fingers, it is therefore essential to restore
these functions by replantation or reconstruction of the affected part.
However, due to the individual nature of each injury, this is not always
possible. The choice of surgical treatment is also complicated by the lack of
universally accepted treatment guidelines and the fact that the scientific
literature is dominated by general treatment principles and case reports.
The aim of this case report is to review the choice of replantation or
amputation, the latest and most successful surgical treatment methods for
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DSTT of the fingers, and to explain the treatment in Vilnius University
Hospital Santaros Clinics.

Case report

A 56-year-old woman had her hand caught between rollers at 9.30 on
08/03/2022 while at work. The patient was taken by an ambulance to the
Emergency Department of Vilnius University Hospital Santaros Clinics,
examined by an orthopedic traumatologist and a plastic-reconstructive
surgeon (Fig. 1). The examination revealed an avulsion amputation of
the skin of the II finger up to the middle third of the proximal phalanx,
damage to the neurovascular bundle of the II finger, the metacarpal
bones, flexor and extensor tendons were spared. Amputations of the distal
phalanges of fingers IV and V. Diagonal fracture of the body of the
middle phalanx of finger IV without significant dislocation. Amputated
skin was not recovered. Diagnosis: crushing injury to the right hand.
Avulsion amputation of fingers II and IV, amputation of the distal
phalanx of finger V, avulsion fracture of the middle metacarpal of
finger IV, III finger wound. The patient was referred to an orthopedic
traumatologist for amputation of fingers II, V and stump formation,
stump formation of finger IV. The patient was hospitalized urgently
for surgical treatment. Blood tests results were without significant
abnormalities. Surgery performed on 08/03/2022 at 19.30: wounds
revised, massive debridement

Figure 1.
Preoperative state
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Figure 2.
It should be noted that the distal thirds of the II and V metacarpals were not removed during the
operation, but the patient is satisfied with the functional state — it is comfortable to grip a pen

with removal of non-viable soft tissues and bone fragments.
Amputations of the II and the V finger at the proximal phalanx level.
IV finger stump was formed over the distal phalanx. On 10/03/2022
the patient was discharged for outpatient treatment after clarification of
recommendations. Results after 6 weeks (Fig. 2).

Discussion

DSTT of the fingers is a particularly difficult problem to treat because
of the extent of damage to the skin and subcutaneous tissue, nerves
and blood vessels. The first step after identifying DSTT of the fingers
is the selection of patients for replantation, as successful replantation
does not always result in satisfactory preservation of finger function.
For example, a non-mobile thumb replanted in an opposable position is
valuable for pinching and grasping, whereas other inflexible fingers may
lead to deterioration in hand function [5]. Several classification systems
have been developed for more efficient treatment selection [6-8] and
these systems allow patients to be categorized according to the intended
treatment and functional outcome (Table 1).
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Table 1.
I Awulsion injury with sufficient Soft tissue and bone
blood supply. treatrment
I1 Incormplete avulsion injury with Revascularization

IIa
IIw

II
Ila
I+

IV
IVp
IVl

inadequate wenous farterial

circulation, without skeletal injury.

Insufficient arterial circulation only.

Insufficient vernous circulation only.

Incormplete avulsion injury with Arnputation [ reconstruction
inadequate venousarterial

circulation, with skeletal or joint

injury. Insufficient arterial

circulation only. Insufficient venous

circulation only.

Avulsion injury with cormplete Only degloving -

degloving or amputation. Proximal — amputation (recons-

to the flexor digitorum superficialls truction Arputation
tendon insertion. Distal to the flexor Amputation jreconstruction
digitarum superficializ tendon

1r1sertion.

The modified Kay classification is important because it divides
Urbaniak class II into 2 classes: without skeletal injury and with
skeletal injury. According to the authors’ data, when comparing II Kay
with III Kay, the operative treatment of II Kay injuries was more
successful in terms of revascularization (73% and 86%, respectively)
and amplitude of active motion above 90° (57% and 100% of patients
respectively). Similarly, the treatment of Kay class III injuries required
arthrodesis of the distal interphalangeal joint in 50% of cases, and
more than one operative procedure was performed in 83.3% of cases
(compared with 36.4% in Kay II): split-skin grafting, revision of venous
insufficiency, treatment of infection of the proximal interphalangeal
joint, late arthrodesis of the distal interphalangeal joint, and secondary
amputation [7]. Adani’s publication extends Kay’s class IV according
to anatopathology: amputations proximal to the flexor digitorum
superficialis insertion have a poorer postoperative prognosis and finger
amputation is recommended, while those distal to the insertion have a
more favorable prognosis, and degloving injuries with intact tendons and
bones is likely to have a successful cutaneous revascularization and an
optimal aesthetic and functional outcome [8].

Careful selection of patients and expected functional outcomes help to
answer important pre-operative questions: will grasping improve? Will
the finger be flexible? Will satisfactory finger sensitivity remain? For how
long will the patient be unable to work? Will the patient be able to
continue working? Will the aesthetic appearance be satisfactory? Is the
patient healthy enough for a longer operation? What is the likelihood of
healing? How many more operations will be required?

When making treatment decisions, it must be remembered that the
final functional outcome is not only determined by the injury, but
also by the patient’s age, health, general expectations, adherence to
rehabilitation, psychosocial attitudes and other factors (Table 2) [5]. The
operative treatment of each injury must be individualized, taking into
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account the complexity, the extent of the injury and the combination
of these variables. The surgeon must emphasize that the patient must
be committed to a regimen that requires rigorous rehabilitation. It is
likely that the finger will become functional only 12-18 months after
the injury [9]. If the patient is unable to commit to this, replantation or
reconstruction becomes contraindicated.

Table 2.

Prognostic indicators for poor outcome after replantation
Crushing favulsion injury

"Red Line” sign The red line sign, which refers to an avulsion
injury, is clinically visible as a red band of ecchymosis along the
lateral edge of the finger. This ecchymosis is caused by bleeding
from the branches of the finger artery that have been seve- red
after traumatic injury [10].

"Ribbon” sign The ribbon sign, which also refers to an avulsion
injury, is a kink in the digital artery resulting from damage to the
layers of the blood wessel wall. When these signs (red line and jor
band) are present, the area of injury must be bypassed with wein
grafts whern atternpting to replant [10].

Warm ischeria » & hours

Cold 1schera > 12 hours

Multilewvel injury

Extensive bone 1oss

MNerve 1055

Multiple joint disruption

Advanced age

Poor candidate for inrmobilization

Psychosocial disturbance

Rehalbilitation compliance Corcerns

In the case described in this paper, amputation of the II finger was
chosen for several reasons: the neuro- vascular bundle was torn, the
severed skin was not brought to the hospital and the treatment was
discussed with the patient — reconstruction is only possible with flaps
from other parts of the body, the choice of this treatment would lead to
a prolonged disability and lengthy sick leave, and so the patient opted for
amputation.

Revascularization or replantation, when possible, is the ideal treatment
for avulsion trauma [11, 12].

However, reconstruction of the finger in the absence of avulsed tissues
can be performed using free flaps. The choice of the flap depends on
the surgeon’s experience and the extent of the injury. In the case of one
or two fingers, the flap used for reconstruction should be thin, flexible,
wide enough to encircle the affected fingers and easily prepared. It is
therefore advantageous to use free fasciocutaneous flaps, as they take thin,
vascularized tissue, together with fascia, which is used for tendon sliding.

Innervated arterialized venous flap from the dorsal surface of the
foot [13]: this flap has the highest sensitivity of the flaps reviewed,
averaging 6 mm in 2-point discrimination (2PD) tests. The donor flap is
made of thin and flexible skin, resulting in a better aesthetic outcome. It
is worth mentioning that the transfer of this flap can be performed by 2
teams, resulting in shorter operating times. The donor site is aesthetically
well localized, as it is not visible when wearing shoes. The main problem
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with flaps from the dorsal foot region is the long healing time of the donor
site, which may be complicated by purulent infection or osteomyelitis
[14, 15]. The relative disadvantages of this flap are that in men the donor
site is often hairy, hence poorer and the donor site may be painful when
wearing shoes.

Free radial forearm flap [16]: itis used as a sensitive patch for medium
to large defects. This flap has a reliable perforating artery and the flap
matches the skin color of the fingers and allows for a 2-team operation.
A local sensory nerve can be harvested with the flap if necessary, but
the 2-point discrimination test did not show a significant difference
between the sensitive and non-sensitive groups during the follow-up
period (8-13 mm). Protective sensation recovered within one year in
patients with insensitive patches. This suggests that nerve harvesting is
not compulsory, thus, shorter operating time. The disadvantages of this
flap are the removal of a major local artery and an unsightly scar in the
donor area.

Spiraled parallelogram medial arm free flap [17]: the inner surface
of the upper arm is the donor site for a thin, hairless patch of skin with
a well-hidden scar and, if necessary, a sensory nerve can be harvested
simultaneously. These flaps have good functional and cosmetic results due
to the thin, flexible skin of the flap donor sites, with an average score of 8-
9 mm in 2PD tests. It should be noted that due to the anatomical variation
of the vasculature, more careful preoperative preparation is required. The
authors also note that poor venous outflow is a potential disadvantage of
this approach, but this disadvantage can be overcome by taking a larger
flap than with traditional flap design criteria. In addition, all patients in
the study were thin, so this flap is not recommended for patients with
thick subcutaneous tissue.

The total active movement range (TAM) of the fingers reconstructed
with these flaps did not differ significantly, all had good or excellent
results according to the ASSH scale [18] (Good: >75%, Excellent: same
flexibility as the other hand on the same finger), the cosmetic results were
satisfactory, and the overall satisfaction of the patients with the final result
was also high, suggesting that the surgeon’s experience with a particular
flap grafting technique is the most important factor in the choice of the
surgical approach. The methods described below are only suitable in cases
where the neurovascular bundle was left intact during the injury.

Double cross-finger flap [19]: this method is characterized by the
fact that it does not require a free flap from other anatomical regions.
The authors reported good functional results, with a TAM of 120-145°
and satisfactory sensitivity, with a 2PD of 9-11 mm, which is good
considering that these flaps do not involve nerve suturing, although
most patients complained of cold intolerance in the donor and recipient
fingers. However, the use of this method is limited: it is not applicable
to patients over 40 years of age, with Dupuytren’s syndrome, rheumatoid
arthritis, etc. as the immobilization of the fingers (21 days on average) puts
them at high risk of joint contractures. In addition, this flap transfers the
hair of the adjacent finger onto the palmar surface of the injured finger
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and places the donor surface on the dorsum of the hand, and is therefore
not recommended for women for aesthetic reasons. Compared to free flap
techniques, this method is simpler as it does not require a microsurgical
technique, but this means that it can only be used in cases where the
neurovascular bundle is intact. Also, this flap is only suitable for isolated
DSTI of the IIT or IV fingers, as it requires 2 healthy adjacent fingers, but
this problem can be solved with the Open Book flap [20]: it is a similar
procedure, with similar indications, but using one healthy adjacent finger
as the donor area.

Using skin matrices [21]: the major advantages of this method are
that it does not require a donor area for skin flap, a split skin graft
is sufficient, thus avoiding donor area morbidity, and it is possible to
operate on elderly patients or those with severe comorbidities, as local
anesthesia is sufhicient. Functional and aesthetic results are also good,
fingers reconstructed using this technique are not thick and the TAM was
excellent or good on the ASSH scale in more than half of the patients.
The 2PD test results were excellent (6 mm) and good (7-15 mm) in
11% and 83% of patients respectively. According to the authors, patient
satisfaction with the results was high due to good functional results and
rapid healing, with patients’ fingers healing after a mean of 40 days.
However, this method is not applicable when the neurovascular bundle
is damaged and another problem is the high cost of the surgery — the use
of skin matrices is expensive, but the cost problem is compensated by the
short hospital stay, as patients were discharged on an outpatient basis on
the day after the surgery, with weekly hospital follow-ups.

Finger reconstruction can be performed using pedunculated flaps
from the groin, trunk or the opposite hand [22-27]. However, the
disadvantage of these techniques is that the hand has to be fixed to the
donor area for at least 2 weeks, which usually leads to joint stiffness due
to prolonged immobilization. Another disadvantage of these techniques
is that these patches are thick, requiring multiple thinning procedures in
several steps. Joint movements often remains limited, sensory recovery
and the appearance of the reconstructed fingers are rarely satisfactory
[28]. However, if the skin of three or more fingers is avulsed, these flaps
become the only reconstructive option, as all fingers can be covered at
once with a single operation.

Conclusions

Patient selection is crucial in cases of DSTT of the fingers, and should
focus on the psychosocial state of patients and their disposition to long-
term post-operative treatment. If the injury involves one or two fingers,
we recommend the surgical techniques described in this article, which
have good functional and aesthetic results. There are many methods
of finger reconstruction presented in the scientific literature, so it is
important to remember that the best results will be achieved with the
method chosen and refined by the surgeon.
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