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ABSTRACT

BACKGROUND: Toe-to-hand transfer is still the most promising and relevant method for restoring fingers that are missing
from birth or after injury. In cases requiring the restoration of two or more digits, simultaneous transplantation of tissue com-
plexes from both feet, including one or two toes, is possible and necessary. Thus, a maximum of four fingers can be restored
during one operation, Such operations, according to the literature, are performed extremely rarely because they are very
extensive and time-consuming.

AIM: To present the results of simultaneous microsurgical autotransplantation of four toes to the hand in children with con-
genital and acquired pathologies.

MATERIALS AND METHODS: The study used clinical, radiological, and biomechanical methods to assess the results of nine
patients with congenital and acquired upper limb deformities who underwent simultaneous microsurgical autotransplanta-
tion of two tissue complexes from each foot, including toes II-ll. The indications for performing this method of microsurgical
reconstruction in children with the absence of four (or all five) fingers have been determined. The results, postoperative com-
plications, and conditions of the donor and recipient zones were analyzed.

RESULTS: To date, 914 such operations have been perfomed in children. In nine cases, four toes were simultaneously trans-
planted (two from each foot). The average age of the patients was 4.2 years. Two children had congenital malformations of the
hand, and seven had consequences of trauma. In eight cases, fingers II-V were restored, and in one case, fingers |-V were
restored. Complications associated with impaired blood circulation in the grafts were observed in 22% of the cases; however,
they were temporary. All transplanted grafts survived. All patients required continued surgical treatment after the toe transfer
to improve their appearance and function. Biomechanical examination methods showed complete restoration of function on
average of 4 months (x1 month) after surgery.

CONCLUSIONS: This study showed the possibility and effectiveness of using toes for hand transfer in children with both con-
genital and acquired hand pathologies that require the restoration of four fingers. Simultaneous microsurgical transplantation
of toes ensures the restoration of a good appearance of the hand and its functionality.

Keywords: microsurgical autotransplantation; toe-to-hand transfer; congenital hand deformity; consequence of injury; hand
surgery; finger reconstruction; children.
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HayuHas cTaTbst

OpHoaTanHoe BoccTaHOBNEHUE 4 NanbLieB KUCTU Y AeTen
MEeTO0A,0M MUKPOXMPYPru4YeCKoM ayToTpaHCNaHTaLum
KOMMJIEKCOB TKaHeu cTon

C.U.TonsaHa

HaumoHanbHbIN MeaULIMHCKMIA UCCNe0BaTeNbCKMI LEHTP AETCKOM TpaBMatonoruv 1 optoneaum uMm. I.W. TypHepa, CankT-letepbypr, Poccus

AHHOTALMA

AxTtyanbHocTb. [To-npexHeMy Haubonee NepcneKTUBHBIM U aKTyallbHbIM METO0M BOCCTAHOB/EHMS OTCYTCTBYHOLLMX C POXK-
LEHWSA UK nocie TpaBMbl NanbLEB KUCTU ABNSETCS MUKPOXMPYPrUYeCKas ayToTpaHCMaHTauma nanbues cTon. B cnyyasx
HeobxoaMMocTH BoccTaHoBMeHUs 2 U bonee nanbLeB BO3MOXHA M HeobxoauMMa 0QHOBpPeMeHHasl nepecafika KOMMJIEKCOB
TKaHeit ¢ obemx cron, BrYaowwmx 1 wim 2 nanbua. TakuM obpa3oM, B Xoae OJHOM Onepauuu BO3MOXHO NpOU3BECTU
PEKOHCTPYKLMI0O MAKCMMANbHO 4 NanbLeB KUCTW. Takue onepauum, No AaHHbIM IUTepaTyphbl, MPOU3BOAATCA KpalHe pefKo,
MOCKOMbKY SBASKOTCA 04EHb TPYA0EMKUMU U ANUTENBHBIMU.

Leno — npepcTaBuTb pesynbraTbl OMbiTa OAHOMOMEHTHOW MUKPOXMPYPrMYECKOM ayTOTpaHCMiaHTauuu 4 nanbLesB CToM
Ha KWUCTb Y [IeTell C BPOXKAEHHOM U Np1obpeTeHHoM naTosoruen.

Matepuans! 1 MeToAbl. C NOMOLLbK KITMHUYECKOrO, PEHTTEHOI0MMYECKOr0, BUOMEXaHUYeCcKOro MeTOLL0B NPOBEAEHA OLIEHKa
pe3ysbTaToB JleYeHns 9 MaLMEHTOB C BPOXAEHHBIMU W NPUOBPETEHHBIMU AedopMaLMAMM BEPXHE KOHEYHOCTH, KOTOPbIM
Bbinia BbINOHEHA OLHOMOMEHTHAs MUKPOXMPYPrYecKas ayToTpaHCMIaHTaLUMA ABYX KOMMIEKCOB TKAHEW C KaX oW CTOMbI,
BrtoyatoLmx |-l nanbupl. OnpeaeneHsl NoKkasaHus K BbINOSHEHWIO AaHHOM0 METOAA MUKPOXMPYPrYECKOW PEKOHCTPYKLMM
y LleTen C OTCYTCTBMEM 4 (MnmM Bcex 5) NanbLeB KUCTW, NPOBEAEH aHaNK3 pe3ynbTaTos, NOCNE0NepaLyoHHbIX OCIOXKHEHUH,
OLieHKa COCTOSHUS JLOHOPCKOM U PELMMNEHTHON 30H.

Pesynbratbl. M3 914 ayToTpaHcnnaHTaumii nanbLeB CTON Ha KUCTb Y [eTel, Npou3BeAeHHbIX B OTAESIEHUN PEKOHCTPYKTUB-
HOM MUKPOXMPYPIUM W XMPYPruu KUCTH, B 9 Cydasx NpousBefieHa 0AHOMOMEHTHas NepecajKka 4 nanbLes (C Kax Aol CTonbl
no nga). CpeaHuii Bo3pacT nauMeHToB coctaBun 4,2 roaa. [Ba pebeHKa Obiiu ¢ BPOXAEHHBIMM MOPOKaMM PasBUTUS KUCTM
n 7 — c nocneacteusamMmM TpaeMbl. B 8 cnyyasx npoussogmnu BocctaHoBneHve |-V nanbLeB KUCTM M B OQHOM Cryyae —
[-1V nanbueB. OcnoxHeHus), CBS3aHHbIE C HapyLLEHWEM KpoBOObpaLLeHWs B TpaHCnaHTaTax, Habntopanm B 22 %, Ho oHM bblau
BpeMeHHbIMU. Bce nepecaxeHHble TpaHCNaHTaThl Npyxuamnck. BeceM naumeHTam notpeboBanock NpofonKeHUe Xvpypruye-
CKOro JIeYeHWs Nocie Nepecajku NanbLeB C LeMb YITyYLLEHUs UX BHELUHEro BUAA U GyHKUMW. brioMexaHuyeckve MeToAbI
obcnef0BaHMsA NOKa3anu NojiHoe BOCCTaHOBEHNE UX QYHKLMM B CPefHEM Yepe3 4 Mec. (+1 Mec.) nocnie onepauuu.
3aknouenue. [lpoBefeHHoe MCCNef0BaHME MOKa3ano BO3MOXHOCTU U 3G(EKTMBHOCTL MPUMEHEHMS [aHHOW Onepauuw
y AeTen KaK C BPOXAEHHOW, Tak U C NpuobpeTeHHON NaTosormei KUCTU Npu HeobXoAMMOCTU BOCCTAHOBNEHUS 4 NabLeB.
OnHOMOMEHTHas MUKPOXVPYPruYecKas nepecagka nanbLes cTon obecneynBaeT BOCCTAHOBEHWE XOPOLLEro BHELLHEr0 BUAA
KUCTU 1 ee QYHKLIMOHANbHBIX BO3MOXHOCTEMN.

KnioueBble cnoBa: MUKPOXUPyprnyeckaa aytoTpaHCrnlaHTauuA; nepecagKa nanbueB; BPOXAEHHaA ,U,edJOpMaLIMFI KUCTH;
rnocnencrsne TpaBMbl; XMPYpPrua KUCTU; BOCCTaHOBNIEHWE NallbLEB; AETU.
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BACKGROUND

Finger reconstruction in children is a complex and
critical issue in orthopedics and traumatology and involves
surgical treatment for congenital underdevelopment
and posttraumatic deformities of the fingers. Surgeons
have been exploring optimal solutions to restore fingers,
including various surgical methods and prosthetics. Surgical
magnifying optics and microsurgical technologies have
greatly increased the treatment options available for patients
with musculoskeletal pathologies. The use of a surgical
microscope has enabled the suturing of small structures
such as vessels and nerves. This technique has been used
to restore blood flow to segments severed by trauma and
for replantation. Furthermore, these technologies are crucial
for the transplantation of blood-supplied tissue complexes to
restore blood circulation after being moved to the recipient
zone. Currently, several researchers and leading hand surgery
experts recognize that the microsurgical autograft method
of toe-to-hand transfer is the optimal and most effective
method for finger reconstruction. This surgical treatment
method is the only method that can restore the fingers of
the hand to a structure and function that is most similar to
the original. Stable functional results and subsequent growth
and development of the operated limb should be achieved in
this patient group [1-3].

In cases where several fingers are missing, surgeons
have developed methods for one-stage transplantation of
two toes from one foot (block of 2-3 toes) or transplantation
of one autograft from each foot [4—6]. The graft can include
one or two toes of the foot on a common vascular pedicle.
If several fingers should be created, autografts from the
feet are transplanted in 2-3 surgeries. Following finger
restoration, 2-3 additional surgeries are required for skin
and tendon-plastic procedures to improve hand appearance
and function. Finger restoration typically involves multiple
stages. Thus, the treatment process can span several
years.

Autotransplantation of toes carries a risk of complications,
particularly those related to microcirculation, which can result
in persistent circulatory disorders and transplanted autograft
necrosis. Numerous studies, including those conducted at our
institution, have addressed this issue. Effective management
of complications following microsurgery is critical in
determining the success of the intended treatment [7, 8].

A significant disadvantage of this method is the use
of a healthy foot as a donor area. However, long-term
observations have shown that patients are satisfied with
the cosmetic and functional condition of the donor area and
experience no pain and that foot reconstruction does not
affect their quality of life [9, 10].

Studies in foreign and Russian literature regarding the
one-stage restoration of the four fingers of the hand using
the toe-to-hand method are limited. Therefore, the present
study using this treatment method in children is significant.

Vol. 13 (4) 2023

Russian Journal of Pediatric Surgery,
Anesthesia and Intensive Care

This study aimed to present the results of one-stage
microsurgical autotransplantation of four toes to the hand in
children with congenital and acquired pathologies.

MATERIALS AND METHODS

The treatment results of nine pediatric patients with
congenital and acquired upper limb deformities were
analyzed. The patients underwent one-stage microsurgical
autotransplantation of two tissue complexes from each
foot, including toes 2-3, to restore four fingers of the
hand. This study investigated the indications for performing
microsurgical reconstruction in children missing four (or
all five) fingers of the hand and evaluated the results,
postoperative complications, and donor and recipient areas.

Since 1986, the Department of Reconstructive
Microsurgery and Hand Surgery at the Turner National
Medical Research Center for Pediatric Traumatology and
Orthopedics has performed 914 autotransplants of toes to
replace fingers on the hand. Only 1% of these surgeries (nine
cases) required a one-stage restoration of four fingers using
transplantation of two blocks of toes 2-3. Eight cases involved
reconstruction of the “long” (triphalangeal) fingers, whereas
in one case, the toes were repositioned to the location of
fingers 1-4. The children’s mean age was 4.2 years, with
the youngest patient being 2.3 years and the oldest 8.4 years.
Two children had congenital hand malformations and seven
experienced trauma. The gender distribution of operated
children was similar (boys, 5; girls, 4). Table 1 shows the
etiologic factors responsible for the presence of congenital
or acquired hand pathology. All children underwent pre- and
postoperative examinations, including clinical, radiological,
and biomechanical tests.

The parents of the children were informed about
the disadvantages, risks, and potential postoperative
complications of microsurgical autotransplantation of the
toes to the hand before discussing the surgical intervention.
Moreover, possible alternative surgical techniques and
prostheses were considered. Ultimately, the decision to
perform autotransplantation of the toes to the hand was
made by the parents in all cases.

Clinical examination comprised collecting the patient
medical history and conducting a classical orthopedic
examination. Data obtained from parents included pregnancy
details, ultrasound findings (if available), and the timing of
delivery. In cases of trauma, we clarified the nature and
circumstances of the injury, the timing and method of primary
surgical treatment, and subsequent stages of treatment
before admission to our hospital.

Furthermore, clinical examination evaluated the
separation of the fingers (underdevelopment), condition of
the preserved fingers, hand functional capabilities (including
the presence and types of grasping) of the hand, skin
condition (including the prevalence and degree of scarring),
and consequences of damage to the preserved anatomical

DOl https://doi.org/1017816/psaic1562
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Table. Characteristics of the clinical materials
Tabnumua. XapaKTepucT1Ka KIIMHUYECKOro MaTepuana

Tom 13, N¢ 4, 2023

Poccuiicknit BECTHUK [ETCKOW XMpYpruu,
aHecTe3nosormmn 1 peaHuMaTonorum

S Age Etiologic factor Recipient area
X (years) congenital pathology post-traumatic pathology II-V fingers I-IV fingers
Boys 2 - Meat grinder + -
3 Ectrodactylia - + -
5 - Meat grinder - +
5 - Burn + -
8 - Firecracker + -
Girls 2 Ectrodactylia - + -
4 - Meat grinder + -
4 - Meat grinder + -
5 - Meat grinder + -

structures of the hand. Further, the extent of passive and
active movements in the preserved joints was measured, and
the condition and function of the forearm and hand muscles
were evaluated. Additionally, the aesthetic appearance of the
hand was assessed and potential methods for improvement
were determined.

X-ray examinations were performed to identify
characteristic changes in the bones and joints of the
injured (underdeveloped) hand and fingers. Radiographs of
the hand were taken in two projections (dorsolateral and
straight for the first finger) upon admission to the hospital,
intraoperatively, before the removal of fixation spokes, and at
subsequent stages of surgical treatment of children.

The analysis focused on the shape and size of the short
tubular bones that remained after trauma and the presence of
metacarpophalangeal joints and signs of associated lesions.

This study examined the biomechanics of children's feet
before and after toe-to-hand transfer, focusing on static
and kinematic assessments. A plantographic study was
performed to determine the range of normal foot parameters
by calculating the confidence limits of the arithmetic mean
(M - L..M + L) and comparing possible deviations of the
corresponding parameters in operated patients, assess
statistical validity, and identify any possible concomitant
deviations from the normal plantographic characteristics
of the feet. A stabilometric study was conducted to assess
the functional abilities of the lower extremities following toe
transplantation.

The results were statistically processed using parametric
and nonparametric methods in Statistica v.13.3.

After the examination, microsurgery was performed.
Typically, two teams of surgeons work simultaneously to
promptly conduct the procedure.

Surgery. An incision was made along the dorsal surface
of the foot in the projection of the second tarsal interspace,
continuing to the plantar surface through the first and third
finger interspaces. The large and small saphenous veins
that contribute to the blood circulation of toes 2-3 were

isolated. The dorsal artery of the foot and its continuation
as the first dorsal metatarsal artery were mobilized from
the proximal part of the foot. Then, the structures on the
plantar surface of the foot were isolated. These structures
included a fragment of the arterial plantar arch and three
metatarsal plantar arteries that anastomose with the first
dorsal metatarsal artery through a deep arterial branch.
The goal was to preserve the maximum number of arteries
and venous branches for the graft. The flexor and extensor
tendons of toes 2-3 and the plantar toe nerves were isolated
and crossed as proximally as possible. Capsulotomy of
metatarsophalangeal joints 2-3 was performed (in two cases
by osteotomy of the metatarsal bones), and the toes were
separated from the donor bed.

The toes on the second foot were similarly isolated. The
variant vascular anatomy was found to be identical in 78% of
cases in both feet.

Incisions were made in the recipient area, specifically
on the preserved fragments (stumps) of the main phalanges
of fingers 2-5, with continuation on the dorsal and palm
surfaces of the hand. The extensor tendons of fingers 2-5
and the venous branch of the v. basilica were identified on
the dorsal surface of the hand. The tendons of the flexors of
fingers 2-5 and the common finger nerves were mobilized
on the palmar surface of the hand. An additional angular
incision in the area of the “anatomical snuffbox” allowed
for the detection of the radial artery and branches of the
v. cephalica. The ulnar artery or its continuation, the palmar
arterial arch with the common palmar finger arteries, could
also be used as a recipient artery for feeding. If preserved,
the bone stumps of the phalanges of fingers 2-5 were
exposed and freed from scars.

After removing the feeding legs of the grafts on the
feet, they were transplanted to fingers 2-5 of the hand and
secured with spokes along the axis. Then, the flexor and
extensor tendons and finger nerves were sutured individually.
End-to-end microvascular anastomoses were performed
between the arteries of the donor and recipient regions and

DOl https://doi.org/1017816/psaic1562
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between the veins of the hand and grafts. The microvascular
clips were then removed to assess the adequacy of blood
circulation in the transplanted autografts. The skin wounds
were sutured layer by layer. If defects in the wounds were
observed, combined skin plasty was performed using thick
split autografts. Finally, aseptic dressings and plaster casts
were applied to the upper and lower extremities.

During the postoperative period, the limbs that were
operated on were kept elevated to reduce edema. Moreover,
anticoagulant therapy was administered for the first 3-4 days
to prevent microcirculatory complications [7].

The postoperative sutures were removed 2 weeks
after surgery, and the fingers were fixed with spokes for
5-6 weeks. Following X-ray control, the spokes were
removed, and conservative treatment methods were initiated.
Six months later, the children were admitted for further
surgical treatment, which included skin plastic surgeries and
tendon release from scars to improve the hand's cosmetic
and functional state.

The treatment outcomes were assessed following the
final surgeries that involved a combination of skin grafting
to enhance the shape and contours of the fingers and
deepen the spaces between the fingers. In 7 of 9 cases, the
final operation after skin plasty was tenolysis of the finger
flexor and extensor tendons. These tendons often adhere to
postoperative scars. After each stage of surgical treatment,
the children underwent rehabilitation that included physical
therapy, massage, warming procedures (e.g., ozokerite or
paraffin), and physiotherapy aimed at controlling scars.

The study used a modified version of the visual analog
scale (VAS) to assess the cosmetic outcome and overall
satisfaction of both patients and their parents with the
treatment. The VAS (Fig. 2) is a horizontal line representing
the range of patient satisfaction with the cosmetic condition
of the hand. The patient or parents were asked to evaluate
the esthetic condition of the treatment and indicate their
level of satisfaction on a scale from 0 to 10 (0, complete

Vol. 13 (4) 2023

Russian Journal of Pediatric Surgery,
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dissatisfaction with the cosmetic result; 10, complete
satisfaction). The distance between the marks on the scale
was measured in centimeters and rounded if required. The
evaluation was conducted by both patients and parents and
the specialist (doctor). The results were assessed on a scale
of 0-2 for unsatisfactory, 3-5 for satisfactory, 6-8 for good,
and 9-10 for excellent.

The assessment of treatment outcomes included
determining six basic types of grip (cylindrical, globular,
flat, pinch, hook, and interfinger) and conducting a
questionnaire survey of patients and parents. The ABILHAND-
Kids questionnaire served as the prototype, containing
21 questions directly related to the patient’s daily activities.
Parents were asked to rate their child's performance for
each action, with the following answer options: “Impossible
to perform,” “Difficult,” “Easy,” and “Difficult to answer.”

RESULTS

After conducting a complex examination of children at
different intervals following multistage surgical treatment,
66% of the cases showed good or excellent results, whereas
34% showed satisfactory results.

As clinical examples, two cases of children with trauma
sequelae are presented. One patient underwent one-stage
reconstruction of fingers 2-5, and the other underwent
reconstruction of fingers 1-4 of the hand.

Case 1

At the age of 2.5 years, a girl lost four fingers (2-5) on
her right hand after it fell into the neck of an electric meat
grinder. Primary surgical treatment and combined skin plasty
were performed at her place of residence in Zaporozhye.
At age 4 years, she was admitted to the Turner National
Medical Research Center for Pediatric Traumatology
and Orthopedics for surgical treatment of the stumps
of fingers 2-5 (Fig. 1).

a b c

Fig. 1. Photo (a, b) and X-ray (c) images of the child's right hand during hospitalization at the Turner Scientific Research Institute for
Children’s Orthopedics (before the start of surgical treatment)

Puc. 1. ®orto (a, b) n peHTreHorpaMMa (c) npaBom kKUCTM pebeHKa npy rocnutanusaummn B OFBY «HMUL, ATO um. .M. TypHepa» (Ao Hayana
XMPYPrUYECKOro SieyeHus)

DOl https://doi.org/1017816/psaic1562
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The initial procedure involved transplanting four toes The patient and her parents expressed complete
(two from each foot) to replace fingers 2-5 on the right hand  satisfaction with the treatment outcome. Currently, the girl
(Fig. 2). Subsequently, additional plastic surgeries were is fully independent (Fig. 4), excels academically, assists her
performed to enhance both the aesthetic and functional mother with household tasks (Figs. 5 and 6), and participates
results of the finger restoration (Fig. 3). in gymnastics (Fig. 7).

a b c

Fig. 2. Appearance immediately after transplanting the toes from both feet into the position of fingers II-V of the right hand
Puc. 2. BHeluHWit BUL, pYKU HENOCPeACTBEHHO MOC/IEe NepecajiKy NasbLeB ¢ 06enx CTon B nosuumio |1-V nanbLies npaBoi KUCTH

Fig. 3. Photo of the hands after the completion of multistage surgical treatment
Puc. 3. DoTo KucTeil Nocne OKOHYAHWUA MHOTO3TANHOTO XMPYPrUYECKoro JIeYeHms

Fig. 4. Functional result of the hand after the restoration of four fingers: @ — ability to bend the restored fingers into a fist; b, c — gripping
capabilities of the right hand

Puc. 4. OyHKUMOHANbHBIA pe3ynbTaT KUCTW NOC/e BOCCTAHOBNEHUS 4 NanbLEB: @ — BO3MOMHOCTU CrMBaHWs BOCCTAHOBMEHHBIX NasbLEB
B Kynak; b, c — BO3MOXHOCTM CXBATOB MPaBoi KUCTU

DOl https://doi.org/1017816/psaic1562
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Fig. 5. Patient’s manual skills
Puc. 5. MaHyanbHble HaBbIKM MaLMEHTKM

-+ @O REDMI NOTE 9.

Fig. 6. One of the girls" hobbies is modeling figures from plasticine
Puc. 6. 0nHo 13 yBneYeHWU! NaLUMeHTK — fenka GUrypoK 13 nnacTuamHa

@O REDMI NOTE 9
QO Al QUAD CAMERA

Fig. 7. Child playing sports
Puc. 7. PebeHok 3aHMMaeTcs cnopTom

DOl https://doi.org/1017816/psaic1562
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Tom 13, N 4, 2023

Poccuiicknit BECTHUK [ETCKOW XMpYpruu,
aHeCcTe3noNorM1 U peaHNMaTonorum

Case 2

The second clinical case differed significantly from the
first as it required the restoration of function in five fingers,
including the separation of a graft from toes 2-3 of one foot
to create two fingers. These were then used to reconstruct
fingers 1 and 2, bridging a deep and wide gap between them.
Both fingers received nourishment from a single vascular
bundle, which included an artery and a vein. This method was
patented under invention no. 2762616, dated December 21,
2021.

A 3-year-old boy was diagnosed with a posttraumatic
deformity of the right hand. According to the patient’s medical
history, the child’s hand got caught in an electric meat
grinder. Primary surgical treatment was performed at the
patient’s residence. Because of the injury, only the V finger

and proximal fragments of the main phalanges of fingers
1-4 were preserved. The patient’s V finger was deformed
and had limited function due to flexion contracture. The
grip function was absent (Fig. 8). To restore hand function,
microsurgical autotransplantation of two autograft blocks
from the patient’s toes 2-3 on both feet was performed to
reconstruct fingers 1-4.

To separate toes 2-3 of the monoblock, an incision was
made in the interfinger gap with a continuation along the
dorsal and palm surfaces of the graft (Figs. 9 and 10). The
arterial fork on the plantar surface at the base of toes 2-3
was isolated, and a branch of the plantar innominate artery
of toe 2 was ligated (Fig. 11, ¢, d, 7, 8). The common plantar
nerve is longitudinally divided. On the dorsal surface, small
venous branches were coagulated (Figs. 11, g, 77). The main

a b

c

Fig. 8. Condition of the right hand of a 3-year-old child with a complication of injury: @ — view of the hand from the dorsal surface;
b — view from the palmar surface; c — schematic of the hand before surgery
Puc. 8. CocTosHue npaBoii KucTU pebeHKa 3 ieT ¢ nocneACcTBUEM TPaBMbI: @ — BUL, KUCTU C ThiSIbHON NOBEPXHOCTW; b — BUE, C Nafi0HHOM

NOBEPXHOCTU; ¢ — CXeMa KUCTK [0 onepaunn

b

Fig. 9. Marking of incisions on the hand during surgical treatment: ¢ — view of the marking from the dorsal surface; b — view from

the palmar surface

Puc. 9. Pasmetka pa3pe30B Ha KMCTU BO BpeMA ONEPATUBHOIO Jie4eHUA: a — BN, Pa3METKU C TbUIbHOM NOBEPXHOCTH; b — BUA € NafoHHOM

NOBEPXHOCTH
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a

[«

Fig. 10. Stages of mobilization of toe |-l block autograft of the left foot with simultaneous separation of toes Il and Ill on a common
vascular pedicle: a — appearance of the feet before surgery; b — isolated (vascular) pedicle of toe II-Ill block autograft; c — toes Il and

Il of the left foot after their separation

Puc. 10. 3tanbl BblgeneHns aytotpaHcnnantata-6noka ll-lll nanbues nesoii cTonbl ¢ 04HOMOMEHTHBIM pa3sgenieHnem Il u Il nanbues
Ha 00LLeN COCYAMCTON HOMXKE: @ — BHELLUHWI BUL, CTON Nepef onepauueit; b — BblaeneHHas (COCYAMCTas) HOXKa ayToTpaHCMaHTaTa-
onoka ll-Ill nanbues ctonbl; ¢ — [l v [l nanbLbl NeBOV CTOMbI NOCE WX Pa3AeNieHus

venous trunks from toes 2 and 3 to the common venous
pedicle, the great saphenous vein, were preserved. The toes
of the single-second autograft block are disconnected while
preserving blood supply from a common vascular pedicle,
which consists of the dorsal artery of the foot (Fig. 11, ¢, 1)
and the great saphenous vein (Fig. 11, f, 9).

Incisions were made along the end surface of the right
hand in the area of the preserved fragments of the main
phalanges of fingers 1-4. The incisions were then continued
to the dorsal and palm surfaces of the hand. The extensor
tendons of fingers 1-4 and venous branches of the v. basilica
were identified on the dorsal surface of the hand. On the
palmar surface of the hand, the tendons of finger flexors
2-5 and the common finger nerves were isolated. The radial
artery and v. cephalica were isolated from the incision in the
anatomical snuffbox. The preserved fragments of the main
phalanges of fingers 1-4 were exposed and resected.

The toes of the feet were used as autografts and
transplanted to the hand in the finger 1-4 position. The grafts
were fixed with spokes along the axis. The donor finger 2
of the first block was placed in the finger 3 position of the
hand, and the donor finger 3 of the first block was placed in
the finger & position of the hand. The donor finger 2 of the
disconnected second block was placed in the finger 2 position
of the hand, and the donor finger 3 of the second block was
placed in the finger 1 position of the hand. The flexor and
extensor tendons and donor and recipient toe nerves were
sutured. End-to-end anastomoses were performed between
the dorsal foot artery of the autograft from the left foot and
the proximal end of the dissected radial artery (Fig. 12, e, 12).
The arterial pedicle of the second autograft from the right
foot was anastomosed with the distal fragment of the radial
artery (Fig. 12, e, 13), which is a continuation of the deep

palmar arterial arch. Anastomoses were made between
the veins of the grafts and the recipient area. Stable blood
flow was restored in the autografts after the clips were
removed within 15-20 s. The wounds were then sutured
layer by layer (Fig. 12 a—c). Finally, an aseptic dressing was
applied and plaster splints were placed on the upper and
lower extremities. The postoperative period was without
complications. Anticoagulant therapy was administered, and
the sutures were removed on postoperative day 14. X-ray
radiography was performed 5 weeks later, which confirmed
sufficient consolidation of bone fragments, and the fixation
spokes were removed.

This method enables the one-stage reconstruction of four
fingers. This involves separating a block of toes 2-3 from
the feet and placing a toe in the position of finger 1. This
finger is separated from the rest by a deep interfinger gap
and is positioned in opposition to the other (long) fingers of
the hand.

Foot biomechanical studies revealed no significant
changes in foot function during the initial 6 months following
surgery. However, eventually, the foot function fully
recovered (Fig. 13).

Analysis of stabilometric data following toe transplantation
from the feet revealed no statistically significant displacement
of the patient’s center of pressure in either the frontal or
sagittal plane, indicating that the patient’s balance remained
stable. After surgery, the eccentricity of the ellipse decreased
significantly. This suggests that the zone of oscillations of the
center of pressure approached the shape of a circle because
of an increase in oscillations in the frontal plane (Fig. 14).

When borrowing toes from donor feet, the cosmetic
aspects of changes in the operated foot become prominent.
The best plantographic characteristics were obtained when

DOl https://doi.org/1017816/psaic1562
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g9

Fig. 11. Schemes of the step-by-step separation of toes Il and Il of the left foot into two autografts with a common vascular pedicle:
a — scheme of the incisions on the foot; b — scheme of the incisions between toes II-IIl of the autograft block; ¢, scheme of the arterial
source of autograft block (7 — dorsal artery of the foot; 2 — dorsal metatarsal artery; 3 — first plantar metatarsal artery; 4, second
plantar metatarsal artery; 5 — third plantar metatarsal artery; 6 — fragment of the plantar arterial arch); d — scheme of the stage of
the second plantar metatarsal artery branch intersection, namely, digital artery of finger Il (7 — place of intersection); e — scheme of
the separation of the autograft-block's toes (7 — dorsal artery of the foot; 2 — dorsal metatarsal artery; 3 — first plantar metatarsal
artery; 4, second plantar metatarsal artery; 5 — third plantar metatarsal artery; 6 — fragment plantar arterial arch; 8 — site of ligation
(coagulation) of the digital artery of toe II); f — scheme of the venous source of the autograft block of toes II-Ill (9 — great saphenous
vein of the foot; 70 — branches of the great saphenous vein to the toes of the autograft block); g — scheme of the separation of the
autograft block’s veins (77 — site of ligation of the venous branches between toes II-Il)

Puc. 11. Cxembl noatantoro pasgenenus Il u lll nanbues neBon CTonbl Ha ABa ayTOTpPaHCMIaHTaTa Ha 0BLLEN COCYAMUCTON HOXKe: 0 —
CXeMa pa3pe3oB Ha cTone; b — cxema pa3spe3oB Mexay |-l nanbuammu ayToTpaHcnnaHTata-6/1o0Ka; ¢ — cxema apTepuanbHoro pycna
ayToTpaHcniaHTata-onoka Il-lll nanbues ctonbl (I — TbiNbHAA apTepus cTombl, 2 — ThibHasK NJloCHeBas apTepus, 3 — nep.ast No-
[OLBEHHas M/OCHeBas apTepusi, 4 — BTOpas MOLOLUBEHHAs MIlOCHEBas apTepus, 5 — TpeTbsl MOAOLIBEHHAA MIOCHeBas apTepus,
6 — dparMeHT noJoLLIBEHHON apTepuanbHol fyru); d — cxeMa 3Tana nepeceyeHus BETBY BTOPOI MOLOLUBEHHON MIOCHEBOW apTepuy,
a MMeHHo cobcTBeHHOW ManbLeBoi apTepum |l nanbLa (7 — MecTo nepeceyeHms); e — cxeMa pasfeneHus nanbLeB ayToTpaHCnnaHTaTa-
bnoka (I — TbinbHas apTepus cTonbl, 2 — ThilbHas NOCHeBas apTepusi, 3 — nepBasi NOAOLIBEHHAsA NKOCHEBas apTepus, 4 — BTopas
MOAOLLIBEHHASA NJIOCHEBas apTepus, 5 — TpeTbs NOAOLIBEHHas NOCHeBas apTepus, 6 — (parMeHT NOLOLLBEHHO! apTepuanbHoii ayry,
8 — MecTo nepeBsA3Ky (Koarynsaumm) cobcTBeHHoM NanbLesoi apTepuu Il nanbua; f — cxeMa BEHO3HOrO pycna ayToTpaHcnaHTaTa-61oka
II-1Il nanbueB cTonbl (9 — 6onbLuas NoAKOXKHasA BeHa cTombl, /0 — BeTBU DOMbLION NOAKOXHOI BEHbI CTOMbI K MajibLiaM ayToTpaHCnnaH-
TaTa-bM10Ka); ¢ — cxeMa pasfeneHus BeH ayToTpaHcnnaHTaTa-6noka lI-lll nanbues ctonbl (17 — MecTo nepeBsi3KM BEHO3HbIX BETBEM
mexay lI-ll nanbuamm)
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d e

Fig. 12. Appearance of the hand immediately after the restoration of fingers I-IV of the right hand in a 3-year-old child, with complications
of injury, using autotransplantation of two finger II-Ill autograft blocks of both feet with simultaneous separation of the toes in one
autograft: a — view from the hand dorsum; b — view from palmar surface of the hand; c — view from the radial surface of the hand;
d, scheme of the autograft location on the hand; e — scheme of the location and anastomosis of the autograft’s arteries (7 — dorsal
foot artery; 2 — dorsal metatarsal artery; 3 — first plantar metatarsal artery; 4 — second plantar metatarsal artery; 5 — third plantar
metatarsal artery; 6 — fragment of the plantar arterial arch; 72 — proximal fragment of the dissected radial artery; 73 — distal fragment
of the dissected radial artery)

Puc. 12. BHewwHWi BUA KUCTW HENOCPEACTBEHHO Mocne BoccTaHoBmeHus |-V nanbLeB npaBoii Kuct y pebeHka 3 neT ¢ nocneacTameM
TPaBMbl METOAOM ayTOTPaHCMIaHTaLUmMM ABYX ayToTpaHcnnaHTatoB-6/0koB Il nanbues obenx cTon ¢ 04HOMOMEHTHBIM pasfeNieHneM
nanbLieB 04HOr0 ayTOTPaHCMIaHTaTa: @ — BWA C ThIJIbHON NOBEPXHOCTU KUCTH; b — BUA C Tafl0HHOM NMOBEPXHOCTU KUCTU; ¢ — BUA, C JTy-
4eBOW NOBEPXHOCTU KUCTH; d — CXeMa pacrofioXeHus ayTOTPAHCMNIaHTaToB MasbLEeB Ha KUCTW; € — CXeMa PacrofioXeHNs U aHacToMo-
31pOBaHIA apTepUi ayTOTPaHCMNIaHTaToB NanbLeB cTon (1 — ThiNbHas apTepus CTombl, 2 — ThiNbHas MAOCHeBas apTepus, 3 — nepsas
MOAOLUBEHHAA NAIOCHEBas apTepus, 4 — BTOpas NOJOLIBEHHAs MIOCHEBas apTepwsi, 5 — TpeTbs MOLOLUBEHHAA MNKOCHEBas apTepus,
6 — (parMeHT NoAO0LLIBEHHOI apTepuanbHom ayri, 12 — npoKcMManbHbIA GparMeHT pacceqeHHOi Niy4eBon apTepun, 13 — AUCTanbHbIi
(parMeHT pacceyeHHo Ny4eBoit apTepum)

DISCUSSION

the same number of toes were borrowed bilaterally from

each foot, as shown by the comparison of parameters in
patients with symmetrical and asymmetrical toe borrowing.
The computerized stabilometry method did not detect any
significant instability in the patient’s stance after surgical
interventions involving the transplantation of toes from donor
feet. This can be attributed to the activation of compensatory
mechanisms that maintain support and body balance,
thereby mitigating the physical damage caused by surgical
intervention.

DOl https://doi.org/1017816/psaic1562

The concept of transplanting toes to replace fingers was
first introduced in the late nineteenth century. The procedure
was initially performed in two stages, in a nonfree version. In
1898, Nicoladoni transplanted toe 2 to finger 1 of a 5-year-
old boy using a temporary feeding pedicle. During the initial
stage, the surgeons sutured toe 2 to the stump of finger 1
while preserving the plantar feeding pedicle and suturing
the flexor and extensor tendons. A month later, during
the second stage, the pedicle was severed. Unfortunately,
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partial necrosis of the nail phalanx developed. After a second
surgery similar to the first in 1900, complete engraftment
occurred. Several surgeons, including those in Russia, have
used this surgical treatment method for some time. In 1911,
Dr. Klemm successfully performed this intervention on an
adult patient. Different modifications of this method were
developed, and the timing of stem cutting ranged from 2 to
6 weeks (Belousov, [11]).

However, this method of finger reconstruction has several
significant disadvantages. First, the forced position in which
the toe of the foot is sewn to the hand becomes unbearable
for the patient over time. Second, the operation does not
restore nerve function, resulting in a lack of stereognostic
sensitivity. Third, the blood supply to the finger is poor,
leading to unsatisfactory tendon function. Finally, trophic
disorders often develop in the graft, and in children, the
finger grows slower than the hand (Davis J.E., 1964; cited by
A.E. Belousov [11]). Therefore, this surgery was not widely
used because the functional result did not justify the patient’s
suffering.

The use of optical magnification in the operating room
has opened new perspectives and opportunities for the
development of surgery. Since the second half of the
twentieth century, microvascular surgery has been actively
developing.

The initial single-stage finger transplantation was
performed by Buncke in 1964, in an experiment on monkeys
[12]. Furthermore, Yang reported a successful microsurgical
transplantation of toe 2 in 1966, and in 1968, Cobett
performed a successful transplantation of toe 1. Since then,
this technique has been widely used in adults for hand
reconstruction after trauma.

In 1977, 0'Brien [13] published the results of the first foot-
to-hand finger transplantation in a child with a congenital

<
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Poccuiicknit BECTHUK [ETCKOW XMpYpruu,
aHecTe3nosormmn 1 peaHuMaTonorum

Fig. 13. Plantogram of the feet of a 4-year-old patient: 1 year after
the operation of bilateral taking of toe II-IIl block. (Despite noticeable
changes in the imprint’s anatomical shape of the operated feet, no
difference was found in the width of their anterior parts. Foot function
was not impaired, and the load distribution on both feet was even)
Puc. 13. MnaHTorpamMma cTon naumeHTkn 4 net: yepes 1 rog no-
Cne onepauuy ABYCTOPOHHEro 3aumcTBoBaHus 6noka ll-IIl nanbues
cron. (HecMoTps Ha 3aMeTHble M3MeHeHUs aHaTOMUYEeCKol hopMbl
0TMeyaTKa OMepuUpoBaHHbIX CTOM, OTCYTCTBYET pasHuULa B LUMPUHE
WX nepeaHux oTAenoB. OnopHas hyHKUMA CTOM He HapyLUeHa, pac-
npeeneHne Harpysku Ha obe cTonbl paBHOMepHOE)
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Fig. 14. Computer statokinesiogram of the patient after toe-to-hand transfer from the right foot. Reducing the eccentricity of the center-
of-pressure (CoP) deviation from an ellipse with open eyes to a circle with closed eyes. Left: projection of the child's real CoP relative to
the average normative position of the CoP; right, graphical representation of the real statokinessiogram

Puc. 14. KomnbtoTepHas cTaTokMHe3WorpaMMa nauueHTa nocre onepawLmiu 3aMMCcTBOBaHWUSA NanblLia ¢ NpaBoi cTonbl. CHUXEHMe SKCLeHTpU-
cuTeTa feBuaumm LeHTpa aaenenuns (L) oT annmnca npu oTKPbITBIX Fa3ax A0 OKPYKHOCTU — MU 3aKpbITbIX. CrieBa: NPoeKLMs peasnbHoro
L[, pebeHKa oTHoCMTENBHO CpeHEro HopMaTUBHOrO nonoxenus LL; cnpasa: rpaduyeckoe n3obpaxeHne peanbHOM CTaTOKUHE3UOrPaMMbI

DOl https://doi.org/1017816/psaic1562



488

ORIGINAL STUDY ARTICLES

hand anomaly. Subsequently, several publications on the
use of this method in children appeared in foreign press
(4, 10, 14].

In pediatric practice, toe 2 of a foot, toes 2 of both
feet, or block of toes 2-3 from one or both feet are most
often used as a transplant [2]. This surgery offers several
advantages, including the restoration of sufficient function
(mobile joints and good sensitivity), preservation of the
ability to grow, and a good aesthetic result (the presence of
a nail plate with thickness and size similar to a healthy toe).
However, the potential drawbacks of this procedure should
be mentioned, including technical difficulties during surgery,
potential damage to the foot, and a lengthy rehabilitation
period required to achieve an acceptable functional outcome
[15-171.

Several variations of this procedure have been
performed, including multiple toe transplants in a single
surgical procedure. A group of Spanish hand surgeons
analyzed 10 cases of single-stage multiple toe transplants
for the reconstruction of adult hand fingers [18]. Surgeons
are known to include up to three toes in a single foot graft.
In nine cases, toes 1-2 were used, and in one case, toes
1-3 were used. The maximum number of toes transplanted
from both feet in a single publication was six, with three toes
from each foot used to reconstruct fingers 1-3 on both hands
of an adult patient who lost all fingers because of trauma.
However, the surgical treatment consisted of multiple
stages, with two autografts performed on each hand [19].
Additionally, reconstructive treatment for the “metacarpal
hand” (absence of all fingers of the hand, only the metacarpal
bones are preserved) is challenging. Several studies have
used microsurgical autotransplantation of the toes to restore
hand function [20-22].

Reports on multiple-toe-to-hand transplants in children
are few [1, 2]. No reports on one-stage transplantation of
four toes to one hand were found in the available literature.

The decision to perform a one-stage transplantation of four
toes is significant to the surgeon, who must carefully consider
all the advantages and disadvantages of the procedure.
This study identified the primary criteria, indications, and
contraindications for microsurgical autotransplantation of
the four toes from both feet to the hand:

— The presence of rough posttraumatic scars; signs of
damage to crucial anatomical structures including the
vessels, nerves, and tendons; and signs of widespread
damage to the soft tissues of the hand and forearm;

— The safety and function of the metacarpophalangeal
joints and the level of finger detachment owing to
congenital underdevelopment were assessed;

— Functional capabilities of the damaged or
underdeveloped hand and the presence of bilateral grip;

— Motivation and attitude of parents toward long-term
multistage surgical and conservative treatment, which
is the key to success and obtaining the maximum
aesthetic and functional result.

Vol. 13 (4) 2023

Russian Journal of Pediatric Surgery,
Anesthesia and Intensive Care

CONCLUSIONS

This study demonstrated that microsurgical autografting
of the toes from the foot to the hand is an effective treatment
for congenital and acquired hand deformities in children. The
autografts retain their viability because of blood circulation
restoration in the transplanted toes, which subsequently
ensures stable growth and development of the hand and
restoration of motor and sensory function. In cases of
congenital underdevelopment or posttraumatic absence of
several fingers, one-stage multiple toe transplantation from
the feet is possible. Our experience with restoring four fingers
by transplanting two toes from each foot in children has
shown its relevance and effectiveness. The reconstructive
treatment enabled the patients to use their hands in daily
life, participate in their favorite activities, and adapt socially.
Microsurgical finger reconstruction remains the preferred
treatment method along with other surgical methods and
prosthetic fingers in children.
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AOMOTHUTENIbHASA UHOOPMALIUA

Bxnap, aBTOpa. ABTOp BHEC CYLLECTBEHHbIN BKIAZ B Pa3paboTKy
KOHLeNUMW, NpoBefieHMe 1CCIef,0BaHIA U MOATOTOBKY CTaTby, Mpo-
4yen 1 ofobpun drHanbHyt0 Bepcyio neped NybvKauven.

WcTouHuk mHaHcMpoBaHUA. ABTOp 3asBNISET 06 OTCYTCTBUM
BHELUHero (MHAHCUPOBaHMSA MpW MPOBEAEHUM WCCNe0BaHuS
11 TIOATOTOBKM MyBNMKaLMM,

KoHhAMKT uHTepecoB. ABTOp AEKNApUpPYeT OTCYTCTBUE ABHbIX
11 MOTEHLMATTbHBIX KOH(IMKTOB MHTEPECOB, CBA3aHHbIX C NMPOBeeH-
HbIM WCCTIE[I0BAHMEM U MyBMMKaLMe HACTOALLEN CTaTbu.

WHdopMupoBaHHoe cornacMe Ha ny6nauKauumio. ABTOp
MOSy4MN MUCbMEHHOE COrflacke 3aKOHHbIX NpeaCcTaBuTeNei naum-
EHTOB Ha NYBAMKALMIO MeIMUMHCKMX aHHbIX U hoTorpacdmii.
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