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Aim. We aimed to evaluate the possibility of reconstruction of amputated fingers using various methods of hand
segment transfer in children.

Materials and methods. A retrospective analysis of the reconstruction of the first and triphalangeal fingers of
an injured hand using a segment transfer method in 31 children was performed. Eleven patients had a mechanical
injury; 12, a gunshot injury; 7, a burn injury; and 1, a freezing injury. The reconstruction of 32 fingers was performed
by the transfer of an intact triphalangeal finger (3), defective finger (3), finger stump (14), and a metacarpal (12).
The surgery was performed using traditional (16) and original (16) methods. In 26 cases, skin grafting using donor
resources from remote areas was required for segment transfer. Newly developed approaches enable the transfer of the
defective finger and any stump of the main finger phalanges and metacarpals, irrespective of their location, amputation
level, hand defect character, level of cicatrical changes of the soft tissues, and impaired circulation, while adequately
preventing ischemic complications.

Results. Survival of all the transferred segments, including those with total cicatrical tissue changes and vascular
disruptions, was achieved. The analysis of results showed that handgrip was restored in 31 hands. The best results were
achieved in the transfer of intact fingers. Transfer of the utile segments enabled the reconstruction of the double-sided
grip with minimum donor retrieval. Two-point discrimination was 2 mm for finger transfer, 4.5 mm for finger stump,
and 6.5-7.4 mm for the metacarpal stump.

Conclusion. The transfer of injured hand segments in children for finger reconstruction provides acceptable functional
and anatomical results. This method can be used in combination with other finger reconstruction methods. Advanced
technical and tactical approaches have widened the criteria of segment suitability and indications for the use of this
method.

Keywords: finger stumps, children, pollicization, transfer of finger stump and metacarpal, indications for surgery,
treatment results.
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ITenp — M3yYuTb BO3MOXXHOCTV PEKOHCTPYKIMM aMIYTHPOBAHHBIX NA/blLieB KUCTY PaslIMYHBIMU METOHaMy IIepe-
MEIIEHNA €€ CETMEHTOB y HeTell.

Marepuansl u MeToasl. [IpoBefieH PeTPOCIIEKTUBHBI aHAMN3 PEKOHCTPYKIMNU IIEPBOrO U Tpex(aJaHTOBOTO MajIb-
I1eB TPaBMUPOBAHHOI KUCTU METOHOM IepeMelleHnsI ee CerMeHTOB y 31 pebeHka. MexaHudeckas TpaBMa OTMeYeHa
y 11, orHectpenbHast — y 12, o)xoropasgs — y 7, OTMOPOXKeHIe€ — y OFHOTO OOJIbHOTO. BbImonHeHa PEKOHCTPYKIUS
32 masnblieB IyTeM IepeMelleHNsi MHTAKTHOro Tpexdananrosoro (3), medextHoro (3) manbleBs, KynbTu manbia (14)
U IACTHOU Kocty (12). Onepanuy mpoBefieHbl C IpYIMEHeHVeM TPajyLIMOHHbIX (16) ¥ opurrHambHbIX (16) coco6oB.
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B 26 cnydasx mpy mepeMeleHnn CerMeHTa NOTPe6OBaIach KOKHASL [UIACTUKA C MCIOIb30BAHNEM TOHOPCKUX Pecyp-
COB 13 OT[A/IEHHBIX O6yacTeil. PaspaboTaHHbIE TOAXOABI O3BOAIOT IEPEMECTIUTb Ae(eKTHBII Majell, a TAKXKe T00YI0
U3 Ky/IbTell OCHOBHBIX (pajlaHT IajIblieB M ILICTHBIX KOCTEl! He3aBUCUMO OT MX PACHOIOKEHNs, YPOBHS aMIIyTalyN,
xapakrepa fedekTa KMUCTHU, CTEIIeHM PYOL[OBBIX M3MEHEHMIT MATKMX TKaHeil ¥ HapyLIeHWiT KpOBOOOpaIeHNs, a TakxKe
00ecIeunTh afIeKBaTHYIO0 NPO(UIAKTUKY MIIEMUYECKUX OCTIOXKHEHNIA.

Pesynprarsl. [JOCTUTHYTO NPVDKMBIIEHNE BCEX I€PeMENIeHHBIX CETMEHTOB, B TOM YIC/Ie C TOTAJIbHBIMM PYOIIOBBIMI
M3MEHEHVSAMY TKaHell ¥ IOBPEeX/EHISIMU COCYROB. AHA/M3 pe3y/IbTATOB MOKA3aJ, YTO CXBAT KUCTU BOCCTAHOBJIEH
Ha 31 xmcru. JIydime pe3ynbTaThl ZJOCTUTHYTBL IIPU IepeMelLeHN) MHTAKTHBIX masblleB. IlepeMelieHrte YTUIbHBIX
CErMEHTOB II03BO/MIO BOCCTAHOBUTD [JBYCTOPOHHMIT CXBAaT C MMHMMA/IbHBIM TOHOPCKMM M3BSIHOM. [UCKpUMuHA-
IIJIOHHAs1 YYBCTBUTE/IBHOCTD B C/Iy4ae IepeMelleHys HMaablia COCTaBMIa 2 MM, KyIbTH Mamblia — 4,5 MM, a Ky/IbTH
MACTHOM KOCTU — 6,5-7,4 MM.

3akmouyenne. [TepemerneHne CerMeHTOB TPABMMUPOBAHHONM KNUCTHU Y [e€Tell C Ie/Ib0 PeKOHCTPYKLMY Ianblia obecre-
4MBaeT mpyeMeMble (PYHKIVOHAIbHBIE 1 AaHATOMIYECKIE Pe3y/nbTaTel. MeTos MOXeT OBITh IPYMEHEH HapsARy C ApPY-
TUMM /I3 PEeKOHCTPYKLUM MasblieB. PaspaboTaHHbIE TeXHMYECKNE ¥ TAKTUYECKIUe MOAXOAbI MO3BO/AIOT PACIINPUTD
KPUTEpPUM TIPUTOFHOCTI CErMEHTA M IIOKAa3aHMsl K MPYMEHEHMI0 METOfA.

KnroueBbie cnoBa: KyZIbTU Ma/NbLEB KUCTU, OETY, IMO/UINMIN3aLNA, IIEPEMEIICHNE KY/IbTU ITajblia U TSICTHOM KOCTH,

IIOKa3aHMsA K OIl€paluy, pe3yabTaTbl JT€IECHNA.

Introduction

Currently, pollicization of the second finger has
become the most effective method of reconstruction
of the first finger in case of its congenital total absence.
This technique is commonly used in early childhood
[1, 2]. For this reason, surgery serves as a method
of choice in the case of hypoplasia of the first finger
of 4°-5°. Consequently, there is no doubt that the
displacement of hand segments on the pedicles is
one of the most effective methods of reconstructing
lost fingers in hand injuries and their consequences
in adults [3]. At the present stage of development of
reconstructive and restorative surgery in childhood,
Ilizarov [4] discussed in detail the distraction
elongation of the finger stumps and metacarpal
bones in a patient with similar pathology. Such an
approach can be implemented if the stumps have
sufficient length. The possibilities of reconstructing
the first finger when treating this cohort of patients
by transposing the segments of the injured hand have
not been adequately studied. Few studies based their
single observations on the application of this method
with the consequences of mechanical trauma and
electrical burns [3, 5, 6]. Many specialists believe that
the use of a fully preserved and functioning finger
for the reconstruction of another, including the first
one, is unjustified. In some cases, they displace both
the defective finger and the intact finger, more often
the second finger [7-9]. Many techniques and tactical
aspects of displacement of the hand segments in
injuries and their consequences in children need to
be further studied and improved. In addition, the
indications for displacement of a certain segment

depending on its type, location, nature of the
hand defect, and level of amputation of the finger
to be restored have not yet been determined. The
surgical technique of transposing hand segments on
pedicles has not significantly changed during the last
100 years [7, 8]. As a general rule, some segments
adjacent to the restored finger, in most cases the
tirst finger, are displaced in the case of only a few
types of hand defects and finger loss levels, limiting
tactical approaches to the choice of a segment and
the potential of the method [9]. The possibilities of
transposition of the finger stumps and metacarpal
bones in children in the case of post-traumatic
hand deformities are described in several studies
[4, 10, 11]. Only a few specialists have experience of
transposing fingers other than the second finger in
both congenital and acquired pathology [8, 12-14].
Thus, current available data in the literature serve
as a basis for studying this problem, developing new
approaches that extend the range of implementation
of the method, and determining the indications for
its application.

The present study aims to investigate the
possibilities of reconstruction of amputated fingers
of the hand using various methods of transposition
of its segments in children.

Materials and methods

A total of 32 fingers in 32 hands were
reconstructed in 31 pediatric patients (aged
5-18 years). The average age of the patients was
13.52 £ 0.67 years. The first (30 patients), third
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(1 patient), and fifth (1 patient) fingers were restored.
Secondary reconstruction of a finger (31 patients)
was mainly performed. Primary reconstruction in
only one patient was performed 4 h after a gunshot
injury. The period from injury to surgery was
24.49 + 5.24 months. The majority of patients were
males (28 patients). The right hand was injured in
18 patients and the left hand was damaged in 12.
Bilateral pathology occurred in only one patient.
Mechanical injury was observed in 11 patients,
gunshot injury in 12, flame burns in 3, electrical
burns in 4, and frostbite in 1. Post-traumatic
deformities of the hands were characterized by
great variety and individuality (non-standard).
Isolated absence of the first finger in four patients,
absence of the first and one of the three phalanx
tingers in two, absence of the first and two or three
phalanx fingers in 12, absence of all fingers in five,
and absence of all three phalanx fingers in one was
observed. In most cases (29 patients) on the hand
and forearm, especially in cases of burns, there were
scar changes in the soft tissues and their defects of
different degrees of severity, extent, depth of lesion,
and localization. Scar changes in the tissues caused
the formation of adduction contractures of the stump
of the first metacarpal bone, multiple deformities
of the preserved fingers, and contractures of the
wrist joint of varying severity, which significantly
complicated the treatment of this cohort of patients.

Reconstruction of the first or one of the three
phalanx fingers was performed with their stumps at

the level of the middle third of the middle phalanx
(1 patient), head of the proximal phalanx (1),
proximal third of the proximal phalanx (1), base
of the proximal phalanx (9), head of the proximal
phalanx (11), distal third (3), middle third of the
metacarpal bone (4), and wrist bones (2). Various
segments of the hand were used as donor material,
such as an intact three phalanx finger (3 patients),
a defective three phalanx finger (3), a finger
stump (14), and a metacarpal bone stump (12).
The intact fourth (1) and second (2) fingers and
defective fourth (1) and second (2) fingers were
displaced. The displacement of the finger stumps
and metacarpal bones was performed using the
traditional technique (10), which allows movement
of the longer stump to the short one, and the
original (16) techniques (author certificate nos.
1560160 and 1775883; RF patent nos. 2069545,
2152184, 2093092, 2072807, 21458120, 2120246,
2391930, and 2460487). In general, the proposed
two-stage technological approach to segment
displacement consists of purposeful development
of increased resistance of the inferior anatomical
structures of the hand to local surgical trauma
with the use of controlled mechanical tension
created by transosseous devices and lengthening
of tissue pedicles. In the first stage, after
preliminary reconstruction of the soft core of the
defective segment of the hand using flap grafting
(if necessary) (Fig. 1a), two consecutive techniques
are performed: surgical training in the form of

Fig. 1. Scheme of displacement of a hand segment. (a) Hand before the surgery. (b) Soft tissues in the thenar area

are formed. Osteotomy of the segment displaced is performed. Intramedullary distraction pin is inserted. A scheme

of the skin incisions for the formation of the skin-vascular pedicle and the direction of distraction are presented.
(c) The phalanx-metacarpal segment is displaced to the position of the first finger
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Fig. 2. Histomorphology of the tissues of the distracted skin-vascular pedicle. (a) Plurality of newly formed different
caliber vessels in the surface layers of the distracted scar. Staining with hematoxylin and eosin, x10. (b) Longitudinal
orientation of low fibrous collagen fibers. Staining with hematoxylin and eosin, x40. (c) Inclination of the basal cells
of the scar epidermis. Staining with hematoxylin and eosin, x 100. (d) Cells of the fibroblastic series, conjugated with
longitudinally oriented different caliber collagen fibers. Staining with hematoxylin and eosin, x 100

mobilization of the displaced hand segment on
pedicles and subsequent distraction with the use of
a transosseous device (Fig. 1b). In the second stage,
the transosseous device is removed after 6-8 weeks,
and repeated mobilization of the preformed segment
of the hand is performed, as well as its displacement
on one or two pedicles to the existing amputation
defect of the finger or metacarpal bone (Fig. lc¢).
The Ilizarov apparatus or similar universal devices
made of titanium were utilized for distraction. The
transosseous osteosynthesis method proposed by
Ilizarov was used for the assembly of the external
fixation device (registered in the State Register of
Medical Devices no. 81/823-53). The apparatus was
individually assembled, depending on the nature
of the deformity, but in all patients, the displaced
hand segment was distracted with the use of an
L-shaped pin, which was inserted intramedullary
(see Fig. 1b). Distraction started 7-10 days after
the transosseous device was applied. The rate of
distraction was 0.5-1.0 mm once per day. The
duration of distraction varied from 3 to 6 weeks,

depending on the size of the required extension of
the pedicles.

The developed universal technological approach
provides not only the surgical ability to displace
any pathologically altered segment of a hand
irrespective of its size, location on the hand
relative to the donor stump, and elimination of
the deformities of the fingers but also the adequate
prevention of ischemic complications due to
optimization of neoangiogenesis, neocytogenesis,
and neofibrilogenesis in both pedicles and
displacing anatomical structures (Fig. 2a-d). All
structural elements of the pre-existing and newly
formed scars in distraction are ordered according
to the vector of the mechanical stress field created
by the transosseous device, which is a structural
basis for deretraction of the scar tissue, removal of
the contractures, and lengthening of the pedicles
(Fig. 2b-d).

Furthermore, the elongation of pedicles ensures
the displacement of any of the stumps of the three
phalanx fingers, regardless of the ratio of the
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amputation levels of the donor and the receiving
stumps. The segment was displaced on one or
two pedicles depending on the state of blood
circulation. The stump of the proximal phalanx
of the second (3) and third (1) fingers, second (6)
metacarpal bone at the head level, and distal third
was displaced using the traditional technique. The
developed approaches allowed transposition of the
stumps of the second (3), third (3), fourth (3), and
tifth (1) fingers mainly at the proximal levels of the
proximal phalanx together with a fragment of the

corresponding metacarpal bone. In addition, the
distracted stump of the second (1), third (4), and
fifth (1) metacarpal bones was transposed at the
level of the head and middle third (Table 1).

Different techniques were used to form the
pedicles according to the nature of the hand defect,
state of the tissues, and blood supply to the segment.
In most cases, the segments were transposed on
permanent skin-vascular pedicles (Table 2). The
pedicle included a strip of skin of 1.0-1.5 cm wide,
including its severe scar changes.

Table 1
Levels of amputation of the transposed finger stumEs and metacarpal bones,
depending on the nature of the segment and the method of surgery
Levels of amputation of transposed stumps
T= o) = =S
< =) O — —_— )
o — o == —15.—1 < — S = ja W) =¥
Nature of transposed Ugé gé'c ‘:Eé ggé gmgé o EHB| By, S8y | 5w |Total
segments 2SS | 5SE| B8 | oS (S0 ES|8ES|5EE | S8E | w88
mES| 88| —waS | ©S2S8 |8w88 mEE S8 S8 | =88l
wa| LA Soa| BEA &Eam L‘_‘mm“é 2 g T g
A < S7° = 1S} a s = 4
Finger stump, typical 1 1 1 1 4
Stump of the metacarpal 5 1 6
bone, typical
Stump of the finger after 1 1 3 5 10
distraction
Stump of the metacarpal 5 1 6
bone after distraction
Total 1 2 3 1 1 6 10 1 1 26
Table 2
Techniques for transposing a hand segment
Transposed segments
| y g . o227 25z | 22os |-
Techniques of transposition &0 B9 s | S8R | SE8 o 88 s
and forming pedicles Fo S s HEwm | °82g| °°03] °8Sog | B
) g | E538 | g 8| a2 agugs
Q 15 E 5= E PAEND) E on = E b I )
g agis » Qg £ .2 Qo2
= & Z | BES 2&T 2 EST
— w o] w w
According to Hilgenfeldt 1 3 4 8
According to V.V. Azolov 2 1 3
On two skin-vascular pedicles 1 1
On the palmar distraction 5 5 10
skin-vascular pedicles
On the dorsal and palmar distraction 5 5
skin-vascular pedicles
On an atypical dorsal-radial pedicle 1 1
On a tubed temporal pedicle 1 1
Without formation of pedicles by 2 2
digitization
After distraction without formation 1 1
of pedicle
Total 3 3 4 6 10 6 32
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Displacement on two skin-vascular or fascio-
cutaneous pedicles was performed with extensive
scar changes of tissues and damage to the major
vessels.

In the case of transposition of segments under
conditions of scar changes of tissues, as well as the
use of metacarpal bone and finger stumps with
a fragment of the corresponding metacarpal bones,
various methods of skin grafting were necessary
because of the presence of pre-existing or newly
formed tissue defects. Local skin grafting was
applied in seven cases. Flap skin grafting, including
in the case of microvascular anastomoses, was
used in five cases because of the fact that tissue
defects were formed or pre-existed on the radial
and ulnar surfaces of the restored first finger, first
interdigital space, and radial surface adjacent to the
donor segment of the metacarpal bone. Free full
flap and thick dermatomal skin grafts were applied
in the presence of defects on the radial (3) and
ulnar (5) surfaces of the formed first finger; ulnar
surface of the first finger and radial surface of the
adjacent metacarpal bone (3); radial and ulnar
surfaces of the first finger (3); palmar and radial
surfaces of the first finger (2); radial surface of the
first finger and adjacent metacarpal bone (1); ulnar
surface of the first finger and the first interdigital
space (1); ulnar surface of the first finger, radial
surface of the adjacent metacarpal bone, and first
interdigital space (1); and radial surface adjacent to
the restored first finger of the metacarpal bone and
ulnar surface adjacent to the donor segment of the
metacarpal bone (1). Free skin grafts alone and in
combination with local grafts were used in a total
of 20 cases. Osteosynthesis of bone fragments was
introduced after treatment using cylindrical mills or
crossed pins. The suture of the extensor tendon of
the finger was overcast in the case of transposition
of the finger and phalanx-metacarpal segments. The
flexor tendons of the segment were always included
in the pedicle, and in some cases, their shortening
was required for the muscular stabilization of
the formed finger. Distraction of the scar and
poorly vascularized segment was performed after
preliminary replacement of scars with adipodermal
flap, surgical training of the segment, formation
of two pedicles, and reduction of the value of
a single distraction. A new motor stereotype of
the formed finger was employed with the help of
devices with electromyographic feedback in the

early postoperative period. Clinical, radiographic,
biophysical, biomechanical, morphological, and
statistical methods were used in the work. All
pediatric patients were examined and underwent
surgery after their parents or official representatives
signed a voluntary informed consent to participate
in the study and undergo surgical treatment.

Results

The analysis of the short-term treatment results
showed that wound healing by primary intention
occurred in all patients; all the displaced segments
were engrafted, as well as transplanted grafts and
free skin grafts, including severe tissue scarring.
These facts confirm the adequate blood supply to
the segment. The long-term results of pollicization
in pediatric patients are described only in the
study for congenital pathology. For this reason, the
long-term results on 25 hands were studied using
the 1984 A.E. Belousov technique as improved
by us. We evaluated not only the total volume of
active movements in the finger joints and two-
point discrimination on the restored finger but
also the function of its abduction, adduction, and
opposition. The absolute values of the parameters of
the first finger function are expressed in points and
included in the total integral recovery index of the
hand function. The basic parameters of the hand
gripping function were determined, as well as their
significance in points in the total integrated index
depending on the hand defect type (isolated absence
of the first finger, absence of the first and several
three phalanx fingers, and absence of all fingers) and
nature (primary and secondary) of reconstruction.
Excellent anatomical results were obtained in five
cases, good results in eight, satisfactory results in
nine, and poor results in three. Poor results were
observed with the use of traditional techniques for
transposition of the metacarpal bone stumps and
are primarily due to the insufficient length of the
formed finger. Functional results were distributed as
follows: good results were noted in two, satisfactory
results in 22, and poor results in one. The developed
technique assesses the positive functional results as
excellent only when restoring the full volume of
motion in the joints and the possibility of opposing
the first finger to all three phalanx fingers. Despite
a significant number of unsatisfactory anatomical
results, an insufficient functional result was obtained
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in only one case in a patient with the consequences
of a severe burn of the hand. This suggests the
development of adaptive reactions of the hand
muscles after such interventions. Consolidation
of displaced bone fragments and the absence of
their resorption in all observations were achieved.
The bone skeleton of the displaced waste segments
proved to be resistant to the processes of resorption
even under conditions of severe pathological
changes in the tissues, indicating the sufficiency of
its blood supply. The growth of the recovered finger
up to 0.4-3.0 cm was noted in the case of segment
displacement before the closure of the growth zones
of the phalanx or metacarpal bone, depending on
the child’s age and period of follow-up. The use
of an intramedullary distraction pin did not lead
to premature closure of the growth zones of the
segment transposed. Two-point discrimination in
the reconstructed finger in the case of displacement
of an intact or defective finger was 2 mm, that
in the finger stump was 4.5 mm, and that in the
metacarpal bone stump using a typical procedure
was 6.5 mm. Under conditions of displacement
of the finger stump on the distracted pedicles,
the two-point discrimination of the formed finger
was 4.4 £ 0.4 mm and that of the metacarpal bone
stump was 7.4 = 1.12 mm. The best outcomes were
observed in displacement of intact fingers when
the volume of active movements in displaced joints
was 90°, corresponding to data in previous studies
and that obtained in adults [14, 15]. The results
of displacement of the stumps of the fingers and
metacarpal bones were approximately identical
when using both typical (p =0.708) and distracted
(p =0.79) pedicles. The recovery rates of grip after
displacement of these segments were compared
using the chi-square test.

Clinical case. An 11-year-old female patient
(case history no. 166690) presented to the clinic with
stumps of the first and fifth fingers at the level of
the proximal phalanges and scar flexion contractures
of the second, third, and fourth fingers of the
left hand (Fig. 3a, b). Regarding the case history,
the patient grasped a high-voltage wire 5 years
ago, resulting in an electrical injury and a third-
to-fourth degree electrical burn of the left hand.
Two-point discrimination on the stump of the fifth
finger was 5 mm and that of the proximal phalanx
of the healthy hand was 4 mm. Reconstruction
of the first finger was performed due because of

displacement of most of the waste segment of the
hand, the stump of the fifth finger. A two-stage
displacement of the stump of the fifth finger with
a distal fragment of the homonymous metacarpal
bone was performed because of its remoteness from
the recipient area and the equability of the stumps
of the first and fifth fingers. At the first stage,
the osteotomy of the fifth metacarpal bone and
mobilization of its distal fragment together with the
stump of the homonymous finger on the pedicles
were performed. Through the stump of the finger
and the distal fragment of the metacarpal bone, an
intramedullary axial distraction pin was inserted,
which was fixed to the screw thrust of the Ilizarov
apparatus mounted on the forearm (Fig. 3c¢).
A gradual distraction of the segment of 1 mm per
day was performed postoperatively. Bone fragment
spreading by 3 cm was performed, after which the
actual displacement of the stump of the fifth finger
with the metacarpophalangeal joint to the stump
of the first metacarpal bone was performed on
the distracted palmar cutaneous-vascular pedicle
after 41 days (Fig. 3d, e), providing adequate blood
supply to the segment. The postoperative period
proceeded without complications. The transposed
stump fully engrafted, and the wounds healed with
primary intention. The free skin graft transplanted
to the radial surface of the displaced segment
engrafted by 100%. The length of the first finger
together with the metacarpal bone was 7 cm, and
it was 8 cm 3 years postoperatively. The adduction
and opposition of the first finger to all the other
tingers was achieved (Fig. 3f-h). Movements in the
displaced metacarpophalangeal joint were feasible
in a volume of 30°. The two-point discrimination
on the transposed stump is 5 mm. The proximal
and distal growth zones of the restored first finger
are clearly traced on the radiograph (Fig. 3i).

Discussion

The stochastic character mapping of sustaining
damages, their variability, and specificity determine
the extreme polymorphism of variants for the
formation of post-traumatic deformities, exceptional
complexity of their systematization, and fundamental
differences in the pathogenesis of the development
of congenital and acquired deformities of the
hand [17-19]. The pathogenesis of deformities is
determined by the etiological features of destruction
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Fig. 3. An 11-year-old female patient with an after-burn deformity of the hand. (a) The appearance of the hand
preoperatively. (b) Radiograph taken preoperatively. (c) Radiograph taken after the first stage of surgery. Osteotomy of
the fifth metacarpal bone is implemented through its distal fragment, and in the stump of the fifth finger, a distracting
bulb-tipped pin in the form of a hook is inserted intramedullary. The second end of the pin is fixed using the Ilizarov
apparatus. Partial spreading of the bone fragments is done. (d) The appearance of the hand after transposition of the
segment to the stump of the first finger. (e) Radiograph after reconstruction of the first finger. (f) The result of treatment
3 years after the reconstruction, abduction of the first finger. (g) The result of treatment 3 years after the reconstruction,
the opposition of the first finger to the fourth. (h) The result of treatment 3 years after the reconstruction, fist grip.
(i) Radiograph taken 1 year after the reconstruction

and reparative regeneration of different tissues. The
main components of post-traumatic deformities of
the hand most often are the absence of the fingers,
a non-systemic combination of finger stumps with
the remaining scar contractures, and the presence of
soft tissue defects and their scar changes of different
severity. Pathology is aggravated by damage to the

blood vessels and nerves in a number of cases.
In this case, the transposed segment can have
different lengths, taking all possible positions on
the hand relative to the stump of the restored
finger. In the case of congenital pathology, surgery
is usually performed in a standard situation in the
absence of the first finger with the corresponding
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metacarpal bone and the presence of an incomplete
second finger. In the structure of post-traumatic
hand defects, such a combination is rare, making
it necessary to study the possibility of using the
method for other defects to move different segments
and not just the second finger, which is often
the segment of choice [12]. In the pathogenesis
of acquired deformities of the hand, the leading
role is played by changes in tissues caused by the
development of scar transformations and their
consequences, presence of defects of various
structures, and primary or secondary disorders of
macro- and microcirculation [18, 19]. The incidence
of ischemic complications after such interventions
reaches 10%-15% [16] and significantly increases
with the displacement of scar segments. For this
reason, new pathogenetically feasible approaches
should be developed to improve the relocatability of
scar segments, the elimination of soft tissue defects,
and the prevention of abduction and circulatory
disorders of scar and ischemic tissues in the case of
acquired deformities [18].

The main element of the transposition technique
of the segment is the formation of its pedicle, which
provides sufficient blood supply to donor tissues.
Currently, most specialists displace the segment
on the vascular nerve pedicle with both congenital
and acquired pathology of the hand [12, 13]. In
only a few cases, the Hilgenfeldt-Shushkov method
is used, which involves the formation of a skin-
vascular pedicle [3, 5, 8]. To improve the reliability
of the technique, a method for transposition of
the longitudinal and transverse segments of the
metacarpal bone on two (dorsal and palmar)
neurovascular bundles was developed [4]. However,
with damage to the neurovascular bundles and
marked scar changes in the palmar surface tissues
of the hand, these techniques cannot be used in
principle because they do not provide adequate
blood supply to the segment and are accompanied
by a high risk of iatrogenic vascular damage.
Under such conditions, it is advisable to displace
the segment on one or two (palmar and dorsal)
scar skin-vascular pedicles formed as one block,
without isolating vessels, significantly reducing the
risk of damage and the development of ischemic
complications. In the presence of preserved
dorsal subcutaneous veins of the segment, they
should be preserved or restored using precision
techniques [20].

In such cases when the finger arteries of the
segment displaced are damaged, their microsurgical
restoration can be performed in the absence of gross
scar changes in the tissues and obligatorily during
the primary transposition. Research studies and our
experience show that the possibilities of transposition
of the stumps of the metacarpal bones and fingers
at the proximal levels are limited by the length
of the pedicle. The preliminary distraction of the
remote and/or short segment, as well as the formed
skin-vascular and fasciocutaneous palmar and
dorsal pedicles (in the case of damage to the digital
arteries), provides their elongation and increase in
the distance of segment transposition. Furthermore,
the mechanisms of deretraction of scars also start
to operate. The approaches we developed provide
adequate prevention of ischemic complications due
to neoangiogenesis, axialization of blood flow in the
distracted tissues of the pedicle, and development of
mechanisms for compensating vascular insufficiency
and metabolic disorders in scar tissues as a result
of surgical training. In addition, distraction enables
the use of an additional dorsal pedicle of the
segment, regardless of its location and the state of
the preserved fingers, which ensures adequate blood
circulation of the segment even under ischemic
conditions caused by extensive and total scar tissue
changes and vascular damage.

These surgical techniques provide 100% engraft-
ment of the segment even under such extremely
unfavorable conditions. Our results showed, with
the implementation of the developed method, that
the stumps of any of the three phalanx fingers can
be displaced at the level of the proximal half of
the proximal phalanx, including the corresponding
metacarpal bones, metacarpal bone head, and
its middle and proximal third. Anatomical and
morphological features of post-traumatic deformities
of the hand also require the performance of
combined or flap skin grafting, which is more
frequent than congenital pathology, including
on the formed finger. This is in part due to the
presence of pre-existing defects and scar changes in
the hand tissues, adduction contracture of the first
metacarpal bone, and expansion of applicability
of distracted segments of the metacarpal bones,
including the metacarpophalangeal joint, which
inevitably cause skin defects on the lateral surfaces
after the displacement. In addition, the inclusion of
strips of the scar skin in the pedicle and the use of
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two such pedicles lead to the need for skin grafting
when displacement of the other segments, especially
in the case of scar tissue, is regenerated. The results
of application of different variants of skin grafting
were positive in all cases, although some were
accompanied by prolongation of treatment. The
use of rational variants of skin grafting significantly
increased the ability to displace the waste segments
of the injured hand, forming adequate soft tissues
of the finger and providing revascularization of its
bone skeleton.

The main objection to the surgeries of polliciza-
tion on the injured hand is the absence of a formal
increase in the number of the fingers on it and
unwillingness of the specialists to sacrifice one of
the fingers to restore another, including the risk of
irreversible ischemic complications. The study of the
effectiveness of restoration of the hand grip and its
donor defect with the use of clinical, radiographic,
and biomechanical methods revealed the advantages
and disadvantages of transposition of each of the hand
segments. The variety of hand deformities determines
the necessity of distribution of donor segments
according to their priority use. Displacement of any
of the segments ensured restoration of the hand
grip. The donor defect was inversely proportional
to the degree of the defect of the segment.

In addition, the donor defect after the
displacement of the segment in some cases was
leveled because of the elimination of deformities and
the improvement of the function of the preserved
fingers. The efficiency of the displacement of the
metacarpal stump was better than the outcome
of the displacement of the other segments taking
into account the ratio of the functional result/
donor defect. For this reason, with the ratio of the
functional result/donor defect, the donor segments
should be ranked according to the principle of
priority use and maximum usability, such as the
metacarpal stump, finger stump, defective finger,
and intact finger. The study revealed that the ratio
of effectiveness/donor defect correlates with the
serial number of the segment in this series. Each
successive segment in this ranked series can only
be transposed if there is no previous one on the
hand, which enables to preserve the fingers and
their stumps of sufficient length (at distal levels),
thereby minimizing the donor defect and improving
the appearance of the hand. The use of this ranked
series facilitates the choice of the donor segment

and the variant of finger reconstruction. The donor
segment and the technique of its displacement
should be considered taking into account the type
of defect, the levels of amputation of the donor
and perceiving stumps, the degree of deformity of
the three phalanx fingers, and the scar changes in
the soft tissues of the hand. The displacement of
the intact finger (second, third, fourth, or fifth) is
indicated only when the first finger is isolated. The
defective finger should be transposed regardless
of its location in the absence of the first one and
not more than one of the three phalanx fingers or
their stumps at the distal levels. In the case of fewer
preserved fingers, surgery is not indicated, as this
leads to a sharp deterioration in the appearance
of the hand, although it enables to restore grip.
The transposition of the defective finger should be
individually approached in each case, taking into
account the prospects of restoring the function in
the joints while in their position. If there are no such
prospects, then it is better to transpose this segment
to the position of the first finger, and its mobility
will be implemented by the first carpometacarpal
and preserved metacarpophalangeal joint of the
stump of the restored finger. The functionality
of this segment will also depend on the residual
mobility in its joints. Indications for the displace-
ment of such a segment are absolute, including in
the presence of a metacarpal stump if it disrupts
the function of adjacent fingers and stumps
because of an irreversible defect position in the
metacarpophalangeal joint. The stump of the
finger or metacarpal bone is displaced in both the
absence of all the fingers and when one or more
three phalanges (intact or defective) are retained.
The defective finger should be transposed in the
presence of a defective finger and intact fingers.
If there are several defective fingers, the most
defective finger should be displaced if there is no
stump of the finger or metacarpal bone. In cases
wherein there are several stumps of the fingers and
metacarpal bones, the shortest finger should be
displaced if its length is not less than 2 cm.
Absolute indication for the displacement of
an intact finger can only be in the absence of
the first finger along with the metacarpal bone
because in this case, it is possible to restore the
first finger that has mobility in the interphalangeal,
metacarpophalangeal, and carpometacarpal joints.
An objection to the displacement of such a segment
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at other levels of amputation is the inevitable loss
of its full metacarpophalangeal joint. In the case
of displacement of a defective, limited-functioning
finger, the loss of the metacarpophalangeal joint is
not so significant, especially in the presence of its
pathology. For this reason, we consider it expedient
to transpose such a segment when the first finger is
amputated at different levels of the proximal third
of the proximal phalanx, metacarpal bone, and its
complete absence. In the latter case, the radial anti-
abutment branch is formed with the remaining three
phalanx fingers, which also ensures the restoration
of the gripping function. The stump of the finger
or metacarpal bone is transposed at similar levels of
amputation of the recovered finger. In transposition
of a short stump of the metacarpal bone, the
missing length of the formed finger is restored
using the interposed nonvascular bone graft that
is located between the displaced and the recipient
stumps. Inclusion of the metacarpophalangeal joint
in the complex of tissues or displacement of the
metacarpal segment to the preserved fragment of
the proximal phalanx or metacarpal bone allows
the formation of the first and/or three phalanx
finger that have mobility in the interphalangeal,
metacarpophalangeal, and/or carpometacarpal joints.

Using the developed methods of finger
reconstruction and rational variants of skin grafting
expands the spectrum of segments suitable for
transposition by including the stumps of any of
the three phalanx fingers and metacarpal bones,
fingers with different kinds, degree of deformities
and scar changes, and circulatory disorders. In
many cases, these segments are waste, and they
are often amputated to improve the function and
appearance of the hand. Original methods allow
the maximum implementation of the principles of
conservative surgery and use these segments while
preserving their innervation and blood supply with
a minimal donor defect. The application of the
developed paradigm of selecting the donor segment
of hand provides restoration of the hand grip with
a minimal donor defect.

Conclusion

Reconstruction of the fingers of an injured
hand by transposition of its segments in pediatric
patients provides acceptable functional results.
The developed methods are pathogenetically

substantiated. They enable safe displacement of
the waste segments, irrespective of their location
on the hand and the degree of scar changes with
guaranteed prevention of ischemic complications,
with minimal damage to the donor area, and can
be used in a variety of post-traumatic deformities of
the hand and scar changes in its tissues, including
in of the case of burns. The use of new approaches
expands the boundaries of the applicability of the
method and the indications for its implementation.
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