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Abstract

Mangled hand injuries caused by entrapment in rotating industrial machinery pose a significant challenge in trauma and reconstructive
surgery. This clinical case describes the treatment of a 45-year-old female patient with a mangled injury to the right hand, who presented one
month after the initial trauma.

Following the injury, the patient underwent primary amputation of the first, fourth, and fifth fingers with surgical wound debridement.
Upon admission, signs of a chronic wound with soft tissue necrosis, edema, and inflammation were noted. Within the first 24 hours, radical
surgical debridement (necroectomy) was performed to remove necrotic tissues and sanitize the wound. An innovative wound covering based
on modified alginate hydrogel with silver ions and the antibiotic cefepime was applied to the wound surface. Three days later, the antibacterial
covering was replaced with a wound covering containing fibroblast growth factor (FGF-2) to stimulate tissue regeneration. Two weeks later,
after wound preparation, free autografting was performed using skin grafts harvested from the patient’s thigh. The postoperative period was
uneventful. Two weeks after the skin grafting, satisfactory wound healing was observed.

This case demonstrates the effectiveness of innovative wound coverings with sequential use of antibacterial and regenerative strategies
in combination with staged surgical treatment. This approach successfully closed the complex wound defect and improved the functional state
of the hand.
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Introduction

Mangled hand injuries caused by entrapment in
rotating industrial machinery pose a significant challenge
in modern trauma and reconstructive surgery [1]. These
injuries are characterized by extensive soft tissue damage,
necrosis development, and the formation of chronic infected
wounds, significantly complicating treatment [2]. Given the
high level of disability and the complexity of restoring hand
function, finding optimal approaches to treat such injuries
remains an urgent task [3].

Despite the existence of various methods for treating
mangled hand injuries, such as the use of skin grafts and
reconstructive techniques, there is a significant gap in the
application of innovative solutions to prepare complex
wounds for definitive reconstruction. Specifically, the use

Case Description

A 45-year-old female patient was admitted to
the National Scientific Center for Traumatology and
Orthopedics named after Academician Batpenov N.D., one
month after sustaining a severe occupational injury. The
injury occurred due to the entrapment of the right hand in
rotating industrial machinery. In the context of emergency
hospitalization at the site of the injury (Russian Federation)

of wound coverings containing antibacterial components
and growth factors in conditions of chronic inflammation
and infection has not been sufficiently studied [4,5].
Furthermore, additional research is needed to clarify their
role in accelerating tissue regeneration and minimizing the
risk of complications.

The aim of this study is to demonstrate the
effectiveness of a comprehensive staged approach to
treating a mangled hand injury using an innovative wound
covering based on alginate hydrogel with silver ions, the
antibiotic cefepime, and fibroblast growth factor (FGF-2).
This approach ensured the successful closure of a chronic
wound defect, the prevention of infectious complications,
and the improvement of the functional condition of the limb.

(Figure 1), the patient underwent primary surgical
debridement of the wound and amputation of the first,
fourth, and fifth fingers. However, during the postoperative
period, the patient reported worsening pain, progressive
necrosis of soft tissues, inflammation, and swelling,
necessitating reconsultation for specialized medical care.

Figure 1 - External appearance of the limb 10 days after initial surgical debridement (primary wound treatment)

Upon admission to the hospital, the patient's general
condition was assessed as moderate (Figure 2). She was
conscious, coherent, and oriented. Her body temperature
was recorded at 37.5°C. The patient reported severe pain
in the area of the right hand, pronounced swelling, and the
presence of a non-healing postoperative wound with signs
of inflammation.

The right hand appeared deformed, with
postoperative stumps of the first, fourth, and fifth fingers.
The skin around the wound showed areas of necrosis with
a black, moist appearance, located on both the dorsal and

-

palmar surfaces of the hand. The second and third fingers
were swollen with a cyanotic hue, and movement was
absent due to significant edema and pain. Surrounding the
wound, hyperemia, hyperthermia, and pronounced soft
tissue swelling were noted.

The wound surface was moist, covered with
seropurulent exudate and detached necrotic masses.
Despite local signs of inflammation, systemic infection
symptoms were absent, indicating a localized nature of the
lesion.

Figure 2 - External appearance of the limb upon admission to the National Scientific Center for Traumatology and Orthopedics, 30
days after the injury

The patient was admitted to the trauma sequelae
department with the diagnosis: "Mangled trauma of the right
hand with amputation of the first, fourth, and fifth fingers,
soft tissue necrosis, and formation of a chronic infected
wound." A staged treatment plan was developed, including

radical wound sanitation, the application of innovative
wound coverings, and subsequent skin reconstruction.
As part of intensive therapy, antibacterial treatment

was initiated based on the results of a bacteriological culture.
The wound discharge revealed the presence of Enterococcus
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faecalis (3x10® CFU/mL) with multidrug resistance to
antibiotics, including benzylpenicillin, erythromycin,
levofloxacin, and tetracycline, but with preserved sensitivity
to vancomycin and linezolid. Antibacterial therapy included
the administration of vancomycin. To support the patient’s

general condition, intravenous infusions of sodium
chloride with added ascorbic acid were administered. Anti-
inflammatory and analgesic therapy involved tramadol,
diphenhydramine, and metamizole, which effectively
controlled pain and reduced local inflammation.

Figure 3 - X-ray of the right hand at the time of admission

Within 24 hours of hospitalization, considering
the severity of the condition, pronounced tissue necrosis,
intense inflammation, and the presence of purulent
discharge, the patient underwent the first stage of surgical
intervention. Under general anesthesia, and following
standard surgical preparation of the field, radical wound
debridement was performed. Necrotic areas of skin and
soft tissues with a black, moist appearance were removed
from the dorsal and palmar surfaces of the hand as well as
from the stumps of the first, fourth, and fifth fingers using a
scalpel, scissors, and a Volkman spoon. Examination during
debridement revealed hematomas with dense blood clots,
purulent pockets, and areas of necrotic tissue liquefaction.

The wounds were thoroughly irrigated with a 3% hydrogen
peroxide solution and antiseptic solutions.

The  procedure was completed without
complications. It significantly reduced inflammation,
decreased the volume of necrotic tissues, and prepared the
wound for further treatment.

Following the necroectomy, an innovative wound
covering based on modified alginate hydrogel with
silver ions and the antibiotic cefepime was applied to the
wound surface. This covering provided an antibacterial
effect, protected the wound from secondary infection, and
promoted the cleansing of the wound bed (Figure 4).

Figure 4 - External appearance of the limb on the fourth day after admission, following necroectomy and three days of treatment
with a wound covering containing the antibiotic cefepime

Three days later, after achieving localized infection
control, the antibacterial covering was replaced with
a wound covering containing fibroblast growth factor

(FGF-2). This step facilitated the stimulation of tissue
regeneration processes and further prepared the wound for
the reconstructive phase of treatment (Figure 5).

Figure 5 - External appearance of the limb on the eighth day after admission, following four days of treatment with the second-stage
wound covering containing fibroblast growth factor (FGF-2)

On the 10th day after admission, a repeat
bacteriological culture of the wound discharge was
performed, which revealed no growth of pathogenic
microflora. This confirmed the effectiveness of the
antibacterial therapy and local wound management. The

elimination of the infectious process allowed for a safe
transition to the next stage of treatment.

Two weeks after the initial surgical debridement, the
patient’s condition had significantly improved. The wound
surface was cleared of necrotic tissues, and inflammation
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and swelling were notably reduced. These improvements
allowed for the second stage of surgical treatment aimed at
closing the wound defect.

The second stage involved free autografting. Under
general anesthesia, and after preparing the surgical field,
three skin grafts measuring 0.3 mm in thickness were
harvested using an electric dermatome from the anterior
and lateral surfaces of the patient’s thigh. Two grafts
measuring up to 13 cm in length and 4 cm in width, and

one graft measuring 5x4 cm, were perforated to improve
drainage and placed over the prepared wound surface of
the hand.

The grafts were sutured to the wound edges with
Vicryl, ensuring uniform coverage of the dorsal and palmar
surfaces of the hand as well as the stumps of the fingers.
A fixative dressing with saline solution was applied to
complete the procedure (Figure 6).

Figure 6 - External appearance of the limb on the 14th day after admission, following the complete course of innovative wound
covering treatment and the second-stage surgical intervention for defect closure

The postoperative period was uneventful. On the
10th day after autografting, satisfactory graft adherence
was observed. The wound surface was clean, and no
signs of inflammation were noted. The patient continued

[

to receive comprehensive therapy aimed at supporting
tissue regeneration and preventing secondary infectious
complications.

Figure 7 - External appearance of the limb at the time of discharge for further outpatient treatment

The patient was discharged in satisfactory condition
with recommendations for outpatient rehabilitation and
regular follow-up to evaluate the final outcomes of the
treatment. This staged approach resulted in the successful
closure of the wound defect, the elimination of infection,
and a significant improvement in the functional condition
of the hand. (Figure 7).

Three months after the staged treatment, the patient
underwent follow-up examination. The condition of the skin
in the area of the previous autograft was satisfactory, with
no signs of active inflammation or complications. The skin
grafts were well integrated, and the wound surfaces were
fully closed. (Figure 8).

Figure 8 - External appearance of the limb three months post-treatment during follow-up examination

However, a minor necrosis and mummification
process of the distal phalanges were observed. The medical
team decided on a watchful waiting approach, as in such
cases, necrotic tissues often separate naturally without
requiring additional intervention. The patient remains
under regular observation to monitor the process and
address any potential complications promptly.

The patient is also undergoing rehabilitation

therapy aimed at restoring hand mobility and improving
the functional state of the limb. The program includes
physiotherapy and specific exercises to enhance movement
and strengthen the muscles. These rehabilitation measures
are contributing to the recovery of strength, range of
motion, and overall quality of life.

Written informed consent was obtained from the
patient for the dissemination of their medical information.
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Discussion

The treatment of mangled hand injuries complicated
by infection and soft tissue necrosis is a challenging task
[7]. Existing methods for reconstructing soft tissue defects
include the use of skin grafts, vacuum-assisted therapy, and
various wound coverings [8]. In this case, the focus was on a
combined approach involving radical wound debridement,
the application of innovative wound coverings, and
autografting [9].

Global studies demonstrate the high effectiveness
of such technologies. For instance, in a study conducted
by Mark S. Granick et al., a bioabsorbable temporizing
matrix (BTM), initially developed for burn treatment,
was successfully used for complex traumatic wounds,
including mangled injuries. It facilitated neodermis
formation, promoted wound cleansing, and stimulated
tissue regeneration prior to autografting. Its resistance to
infection and ease of use make such coverings an essential
stage in managing complex wounds [10].

Another study conducted in the United States
described the use of Integra® as a temporary measure
before definitive reconstruction of injured extremities. The
coveringwas used to protectareas ofvascular reconstruction
and stabilize the wound surface. This approach allowed the
postponement of free or rotational flap procedures until the
extent of necrosis was determined and the defect stabilized.
Additionally, the formation of a collagen layer reduced
the need for more complex reconstructive techniques and
minimized the risk of donor site morbidity [11].

Innovative wound coverings based on alginate
hydrogel with added silver ions, antibiotics, and growth
factors play a key role in treating complex wounds. The

Conclusion

The presented clinical case demonstrates the
effectiveness of a comprehensive approach to treating
mangled hand injuries complicated by chronic infected
wounds. The use of innovative wound coverings with
antibacterial components and growth factors, as well as
autografting, enabled successful wound healing, prevented
the development of complications, and ensured significant
improvement in hand functionality.

Thus, the combination of modern wound treatment
methods and a staged surgical approach makes it possible
to effectively manage such complex clinical cases, ensuring
both the resolution of the infectious process and the
restoration of integrity and functionality in the injured area.
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Tyhinaeme

AllHaamanbl 6Hepkacinmik HabO0bIKMbIH KbICbIAYbIHAH MYbIHOAFAH KO/AObIH NiWiHi OY3blLAFAH XHcapakammap icapakammbik-
DPEKOHCMPYKYUSIbIK XUPYP2USIHbIY Hezi32l npobaemacsl 601bin mabwlaadel. bya KauHukaavlk xcardail 6acmankbl dcapakamman Kelid 6ip
atidaH KelliH Kes12eH OH KO/bIHbIH Jdcapakamol 6ap 45 sjcacmarvt Haykacmol emdeydi cunammaiiosL.

JKapakam aaraHHaH KelliH HAYKACKA HapaHbl XUPYp2UusablKk mazapmy apKblabl 6ipiHwi, mepmiHwi jxcaHe 6eciHwi caycakmapblHblH
amnymayusicel xcacanosl. TyckeH kesde scymcak miHdepoin HeKpo3bl, ICIHYI dcaHe KabbIHYbl 6ap CO3bIAMALL HCAPAHBIH 6e2i1epl aHblkmaobl.
BipiHwi KyHi HekpomuKa/iblk miHdepoi Jco10 JHeaHe HapaHsl CaHUMap/blK masapmy ywiH padukanosl Xupyp2usiavlk emoey (HeKkposkmomust)
Jcypeizindi. XKapa 6emine Kymic uondapul MeH yedenum aHmubuomuki 6ap modudukayusnawraH anveuHam 2udpozeni HeziziHoezi
UHHOBAYUSIILIK HCAPA HCAOBbIHBL KO0AHbIAOLL YUl KyHHEH KelliH 6akmepusra Kapcbl maxFsiwl miH0epdiy pezeHepayusicbiH bIHMaaaHdblpy
ywiH kypamsiHda pubpobaacm ecy paxkmopeol (FGF-2) 6ap scapa mayFulwbiMeH ayblcmblpbladsl. Eki anmadaH ketiiH scapaHbl 0atlblHOaGFaGHHAH
COH HAYKACMbIH HCAMOACLIHAH AbIHFAH Mepl MPaHCNAaHMamsl apKblabl epkiH agmompaxcnaaumayus sxcacandel. Onepayusidan ketliHel
Ke3eH ackblHycblz emmi. Tepi ezydeH kellin ekl anmaodaH KelliH JcapaHbly KAHAFAMMAHAPAbIK HaA3bl1ybl 6alKaA0bL.

Bya xcardall aumubakmepuaadsl jHcaHe pezeHepamusmi cmpameausaaposl keeHoi Xupypausaslk emoeymeH Gipikmipin koadaHy
Ke3iHde2l UHHO8AYUS/IbIK #apa MaHFblUmMapblHbl muimoiniein kepcemedi. Amaamuiw macin Kypdei xcapa akayblH cammi xcaybin, KoA0bIH
PYHKYUOHANObIK HcardaliblH Heakcapmmel.

Tyiiin cesdep: Koa Jcapakamuvl, CO3bLAMAAbL HCAPA, HEKPEKMOMUS, AYMOMPAHCNAAHMAYUsl, HCAPAHbL HaGy, KyMic uoHOapel,
¢ubpobaacm ecy pakmopeol.
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Pe3wome

H3ypodosaHHble mpasmbl pyK, 8bI36AHHLIE 3AWeMAeHUEM 80 8paAWarwemcsi NPOMbIUIEHHOM 060pydosaHuu, npedcmagasiom
c060ll cepbe3Hyt npobjemy 8 mpagmamosi02u4eckoll U peKoHCmpyKmueHol xupypeuu. B daHHom KauHu4eckoM cayyae onucbieaemcs
seveHue 45-1emuell nayueHmku ¢ yseubem npasoll pyku, o6pamusuwielicst yepe3 Mecsiy Noc/e NepeuyHOl Mmpasmbi.

Iocse mpasmbvl nayueHmy npoussedeHa nepsuvHAs AMnymayusi Nepeozo, 4emeepmozo U Nsimoz20 Naabyesd ¢ Xupypauveckou
caHayuell paubl. [Ipu nocmynieHuu ommeyveHbl NPU3HAKU XPOHUYECKOU paHbl C HEKPO30M Msi2KUX MKaHel, 0meKoM u gocnaseHueM. B nepauvie
CYyMKU npo8oduaU padukaabHyH XUpypeuyueckyo 06pabomky (HEKp03IKmMoMui) ¢ Yyeabr yoaaeHus HeKpomu4eckux mkaHel U caHayuu paHbl.
Ha paHesyro nosepXHocmb HAHOCUAU UHHOBAYUOHHOE paHesoe NOKpblmue HA OCHO8e MOOUPUYUPOBAHHO20 ANb2UHAMHO20 2U0pPO2ens C
uoHamu cepebpa u aHmubuomuka yegenuma. Yepez mpu 0Hsi aHmubakmepuasbHoe nOKpbimue 6bl/10 3aMEHEHO HA paHesoe NOKpblmue,
codepacaujee hakmop pocma ubpobaacmog (FGF-2) das cmumyasyuu peeeHepayuu mrkaHell. Yepes dee Hedeu, nocse nod20moeKuU paHbl,
6bl1a nposedeHa c80600HAST AYMOMPAHCNAAHMAMAYUSL C UCNO/b308AHUEM KOXCHbIX MPAHCNAAHMAMos, 83simbulX ¢ 6edpa nayueHma.
IlocsaeonepayuoHHblll nepuod npomekas 6e3 ocaoxcHeHull. Yepes dse Hedesu nocse nepecadku Koxcu Ha6H00aA10CL y0o8aemeopumenabHoe
3a0cuseHue paH.

Janustii cayuail demoHcmpupyem 3ghgpekmusHocmb UHHOBAYUOHHBIX PAHEBbIX NOKPbIMUL NPU NOC/16008AMEALHOM UCNO/Ib308AHUU
aHMU6AKMepua/IbHbIX U pe2eHepamusHbIX cmpameauti 8 COHemaHuu ¢ NO3MANHBIM XUPYypau4eckKuM JaedeHueM. JJaHHbli docmyn ycnewHo
3aKpbL CA0XHCHDLU paHegoll depekm U yayuwua yHKYUOHAAbHOE COCMOSTHUE KUCMUL.

Katouesble c108a: mpasma pyKu, XpoHuU4eckasi paHa, HEKpIKMoMus, aQymompaHcniaHmam, paHesoe NOKpslmue, UOHbl cepebpa,
¢axkmop pocma ¢ubpobaacmos.
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