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Background. Non-vascularized is one of the available methods of reconstructive surgery for the treatment of
the hand congenital anomalies. The the impact of toe phalanx transfer on the appearance and functionality of
the donor site in the long term is relevant.

Aim of the study — an objective assessment of the appearance, shape and functional state of the foot in the
long-term period after the toe phalanx transfer into defects of the fingers in congenital and obtained hand
pathologies.

Methods. On the basis of the Federal Scientific Center for the Rehabilitation of the Disabled named after
G.A. Albrecht 40 patients were examined, who, aged from 8 months to 11 years (in the period 2013-2022),
underwent 54 toe phalanx transfer to the hand. The proximal or middle phalanx of the IV and II toes
were used as a graft. To assess the condition of the feet in the long term, all patients underwent clinical
and radiological studies. 12 patients aged 3 to 13 years underwent computerized plantography, podometry
and barodynamoplantography.

Results. After donor feet examination in the long-term period, lots of them showed a linear shortening of
the donor toes compared to the contralateral foot, which was recorded by a computer planto-podometric
method for evidence. The barodinamoplantographic study did not show significant signs of a decrease
in the support ability of the foot, which could be associated with non-vascularized toe phalanx transfer. When
walking, there were no obvious signs of impaired motor functions of the donor foot.

Conclusion. It was objectively confirmed that the non-vascularized toe phalanx transfer to the hand does not
significantly affect the shape and statodynamic function of the foot in the long-term follow-up period, despite
the shortening of the donor toes.
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AKmyansHocms. AyTOTpaHCIUIAHTALMS HEKPOBOCHAOXKaeMbIX (aslaHr TajablieB CTOIThI SIBJISIETCS OIHUM
U3 OOCTYIHBIX METOLOB PEKOHCTPYKTUBHO-IUIACTUUYECKON XUPYPIUM IJIS JleUeHUsS HeLOopa3BUTUIL KUCTHU.
AKTyaJieH BOTIPOC BAMSIHMS 3aMMCTBOBaHMS (pasiaHr Ha BHEITHMI BUA, U QYHKIIMOHAIBHOCTD JOHOPCKOI CTOIIBI
B OT[a/IeHHOM Iepuoze.

Ilens — 06bEKTMBHAS OLIEHKA BHEIIHEro Buaa, GOPMbI ¥ QYHKIMOHAILHOIO COCTOSTHMUS CTOIIBI B OTHAJIEHHOM
Tepuroie Mocjie 3aMCTBOBAaHMS HEKPOBOCHAOKaeMbIX (hajIaHT MMalbIleB U MOUIENYIONIEN ITepecaaKy AJIsl 3amMe-
mneHus gedexra rnajblieB KUCTU ITPY BPOKAEHHBIX ¥ IPMOOPETEHHBIX TTATOIOTUSX.

Mamepuan u memodsi. O6cnenoBano 40 maieHTOB, KOTOPBIM B Bo3pacTe oT 8 mec. 1o 11 yieT 6bUIM BBI-
MOJTHEHBI B COBOKYITHOCTM 54 mepecajky ¢ajaHT Mo MOBOAY PenyKIMOHHBIX aHOMajuii KUCTU. B KauecTBe
TpaHCIVIAaHTaTa MCIIOIb30BaIM MPOKCUMMaIbHbIe Mau cpenHue (ananru IV u II manbies crorbl. [ OlleHKU
COCTOSIHMS CTOII B OTOAJIEHHOM I1epUOJie BCEM MaljMeHTaM IIPOBOAUIN KIMHUKO-PEHTIeHOJI0OTUYeCcKe uccie-
nIoBaHMsl. 12 marmeHTaM B Bo3pacTe OT 3 1o 13 jeT nmpoBefeHbl KOMITbIOTEpHbIE TIIaHTOrpadusl, TOgOMeTPUsI
1 6apoayHaMOIIaHTOrpadus.

Pesynemamet. TIpy 0CMOTpe CTOIT ONIEPMPOBAHHBIX MALIEHTOB B OTHAJEHHOM IIepMoie Y MHOIUX ObUIO BbI-
SIBJIEHO JIMHEHOe YKOPOUYeHMe JOHOPCKUX Ia/IbLieB CTOIBI 10 CPABHEHUIO C KOHTpaJIaTepaJbHOM CTOIOM, UTO
IJIT MOKa3aTeJbHOCTY (PUMKCUMPOBAIM KOMITBIOTEPHBIM IUIAHTO-IIOJOMETPUUYECKMM MeTOmoM. BapomuHamo-
IJIaHTOrpaduyecKoe UccaenoBaHMe He T0Ka3aI0 3HaUMMbIX IIPM3HAKOB CHUKEHMSI OTIOPOCIIOCOGHOCTH CTOITHI,
KOTOPbIE MOKHO OBbITIO GBI CBSI3aTh C IIepecaaKoil HeKpoBocHabkaeMoit (asaHru nmajbliia cTomsl. [Ipu xombbe He
Hab6JII01a7I0Ch IBHBIX MTPM3HAKOB HapyIIeHNUS IBUTATeIbHbIX (QYHKIIMI ONIepMPOBAHHO CTOIIHI.

3akniouenue. OGBHEKTUBHO ITOATBEPKIEHO, UTO 3aMMCTBOBaHME HEKPOBOCHabGkaeMbIX (aslaHT IIajIbleB
CTOIIBI JJISI UX TOCIEeNYIONIero MepeMelleHs] Ha KMCTh He OKAa3bIBAeT CYIIECTBEHHOIO BAMSHUSI Ha dhopmy
M CTaTOOMHAMMUECKYI0 (QYHKIMIO CTOIBI B OTHAJIEHHOM Ilepuoje HabIomeHusl, HeCMOTpSI Ha YKOpOYeHUe
JOHOPCKUX MAJIbLIEB CTOIIBI.

KnioueBble caoBa: KUCTb, ITOPOKM pa3sBUTKS, ayTOTPAHCIUIAHTALMsS, CBOOOAHAS KOCTHAs ILIACTU-
Ka, TpaHCrmo3uiusi ¢ajaHru, Majablibl CTOIBI, HEKPOBOCHAOKAaeMblii TPAHCILIAHTAT, GMOMEeXaHMUYeCcKoe
ucciegoBaHue, NeTu.
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BACKGROUND

The reported literature presents various meth-
ods of reconstructive plastic surgery that are
used in the treatment of congenital hand un-
derdevelopment (brachydactyly, ectrodactyly,
and hypoplasia) and acquired hand deformities,
characterized by decreased linear and volu-
metric parameters and decreased number of
hand segments, which lead to significant func-
tional and cosmetic upper limb disorders [1].
Reconstruction methods include microsurgery
[2], compression-distraction osteosynthesis
[3, 4, 5, 6], various types of skin, tendomuscu-
lar, and bone grafting [6, 7], and prosthetics [8].
Concurrently, a less common, but effective and
affordable variant of bone grafting for restor-
ing hand functionality and cosmetic condition
is known, which includes autografting of non-
vascularized toe phalanges [9, 10, 11, 12].

The method for autografting of non-vascu-
larized toe phalanges gained popularity in the
early 20th century. The phalanges of the fin-
gers deformed due to tuberculosis infection or
enchondroma were resected and replaced with
non-vascularized toe phalanges, and grafts from
the costal cartilage were transplanted into the
resulting defects in the donor areas of the toes.
During the follow-up examination of patients
after a year, there were no major cosmetic or
functional defects in the donor’s toes and re-
cipient’s fingers, the position of the bone grafts
was satisfactory on the radiographs, the epiphy-
ses in the formed fingers were congruent, and
no signs of resorption were noted [9, 10]. New
cases of finger reconstruction using the toe pha-
langes have also been reported in some studies
[11,12,13].

The method for autografting of non-vascular-
ized toe phalanges in congenital hand maldevel-
opment became more widely known in 1990 after
the study of 57 patients who had undergone 97
phalanx transplantations since 1976 [14, 15].

Gradually, new studies on the transplantation
of non-vascularized toe phalanges to the hand
have been conducted. These studies revealed that
autografting of non-vascularized toes in the case
of the hand underdevelopment improves its ap-
pearance and function [16, 17, 18, 19], provides
an opportunity for toe growth due to the growth
zone of the transplanted phalanx [18, 20, 21, 22],
is characterized by low-injury rate for the donor

foot [16, 22, 23] and has a minimal resorption risk
of the transplanted graft [21, 22, 23, 24].

Concurrently, the long-term effect of phalanx
transplantation on the appearance and function-
ality of the donor foot remains relevant. Several
have reported the clinical studies on donor feet
of patients after harvesting non-vascularized
phalanges [16, 17, 22, 25]. Donor toe shortening,
flexibility, and instability were registered in sev-
eral cases. However, we did not find any informa-
tion about the study of the feet, which would en-
able us to objectively assess (using instrumental
methods) the degree of phalanx transplantation
affecting the change in the shape and function of
the foot after harvesting phalanges for autograft-
ing to the hand.

The study objectively assessed the appear-
ance, shape, and functional state of the foot
at the long-term period after harvesting non-
vascularized finger phalanges and their sub-
sequent transplantation to replace the de-
fects of the fingers in congenital and acquired
pathologies.

METHODS
Study design

This prospective single-center observational
study of the effect of harvesting non-vascular-
ized toe phalanges (for transplantation into a
finger defect) on the anatomical and function-
al state of the foot was conducted at the clinic
of the G.A. Albrecht Federal Scientific Center of
Rehabilitation of the Disabled of the Ministry
of Labor of Russia.

Patients

This study examined 40 patients (21 boys and
19 girls), who underwent 54 phalanx trans-
plantations for hand underdevelopment (ec-
trodactyly, brachydactyly, and hypoplasia) and
acquired hand deformities from 2013 to 2022
at the ages of 8 months to 11 years, including 2
children aged under 1 year, 22 pediatric patients
aged 1-3 years, 11 patients aged 3-7 years, and
5 children aged 7-11 years). Proximal or mid-
dle phalanxes of the toes IV or II were used for
transplantation, focusing on linear and volu-
metric dimensions of the suspected defect in
the recipient zones (Table 1). Table 2 presents
the distribution of recipient zones in patients by
localization on the hand.
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Table 1
Distribution of donor zones during transplantation of non-vascularized toe phalanges
to the hand
Localization of donor zones
Toe Total
Proximal phalanges Middle phalanges
II 2 7 9
v 26 19 45
Total 28 26 54

Table 2

Localization of the recipient zone during transplantation of non-vascularized phalanges
of the toes to the hand

Localization of recipient zones
Hand ray Total
Metacarpal bones Proximal phalanges Middle phalanges
I 8 8 - 16
I - 5 7 12
111 - 6 4 10
v - 3 6 9
v - 5 2 7
Total 8 27 19 54

Results assessment

We performed a clinical examination, the Oxford
Ankle Foot Questionnaire Children (OAFQ-C) for
subjective assessment of the patient’s foot post-
operatively and the identification of complaints
of impaired support ability [26, 27]. We also per-
formed an X-ray examination to assess their foot
condition in the long-term period. The long-term
follow-up period ranged from 1 to 8 years postop-
eratively (49 of 54 cases of harvesting of the toe
phalanges), with an average of 3.04+1.20 years,
up to 3 years in 18 cases, 3—6 years in 28 cases,
and >6 years in 3 cases.

The following instrumental studies were con-
ducted on 12 patients aged >3 years, who under-
went surgery at least 6 months before the exami-
nation [28]:

- computer plantography and podometry
by the three-coordinate optical plate scanning
method of the feet using the hardware and soft-
ware package (HSP) Scan (registration certifi-
cate No. FSR 2010/07441 dated 04/22/2010) with
the calculation of parameters reflecting the foot
shape,;

— barodynamic plantography on the HSP with
matrix underfoot pressure meters in the form of
insole HSP DiaSled (registration certificate No.
FSR 2009/06416 dated 26.02.2010) to assess the
statodynamic function of the foot.

Among 12 patients, 4 had previously under-
gone phalanx transplantation of both feet. One
patient underwent transplantation of the main
phalanges of toe IV, two patients of the mid-
dle phalanges of toe IV, one patient of the main
phalanx of toe IV of the left foot and the middle
phalanx of toe IV of the right foot, one patient
of the middle phalanx of toe II of the right foot,
three patients of the main phalanx of toe IV, and
seven patients of the middle phalanx of toe IV.
Concurrently, one patient underwent plantogra-
phy and podometry twice, which was a year after
the middle phalanx transplantation of toe IV of
the right foot, and 2 years after the examination
and a year after the middle phalanx transplanta-
tion of toe IV of the left foot.

The effect of autografting of non-vascularized
toe phalanges on the statodynamic function
of the foot was studied using the barodynamic
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plantography method using the HSP DiaSled un-
der static conditions (standing) and when walk-
ing in standard shoes. Patients with a foot size
of at least 190 mm were examined for the avail-
able size range of measuring sensors in the form
of insoles with pressure sensors. Therefore, 7 of
12 patients were examined using the DiaSled
complex who underwent plantopodometry. The
measuring sensors were inserted into the shoes
for the examination, which minimally affected
the foot function.

Statistical analysis

Descriptive statistics of quantitative indicators
were calculated using the IBM Statistical Package
for the Social Sciences version 23.0 system for
the entire traditional set of characteristics (mean
value, scatter of data [standard deviation], mini-
mum, maximum, median, and quartiles, as well
as coefficients of variation of the study charac-
teristics for a group of patients were examined by
biomechanical methods).

RESULTS

Forty operated patients were distributed into four
groups based on the degree of shortening of the
donor toes compared with the contralateral foot
by performing physical examination of the feet

(Fig. 1). The middle phalanx of toes II or IV was
harvested in 78% of children without shortening
or with minor shortening of the donor toes. One
child underwent middle phalanx transplantation
of toe II, while the rest of the proximal phalan-
ges of toe II (1 patient) or toe IV (6 patients), in
the group of patients with moderate shortening
of the donor toe (8 children). The main phalanx
of toe IV was previously harvested in the 11 chil-
dren with a pronounced toe shortening (by >1
nail plate).

The distribution of 49 cases according to the
degree of shortening of donor toes after harvest-
ing of non-vascularized phalanges for transplan-
tation to the hand revealed nil, minimum, mod-
erate, and pronounced shortening in 12 (24.5%),
18 (36.7%), 8 (16.3%), and 11 (22.5%) patients,
respectively.

Questionnaire score

None of the patients or their parents expressed
regret after the surgery despite the noted
toe shortening. They did not notice any vis-
ible changes in gait after the treatment. During
the Oxford Ankle Foot Questionnaire, parents
of 4 children (one 1-year-old boy and three
6—10-year-old girls) noted a little discomfort by
the foot appearance.

Fig. 1. Conditional division of feet into groups when assessing

the degree of shortening of donor fingers after toe phalanx transfer
to the hand (the arrow indicates the operated fingers):

a — minimal shortening — up to 1/2 nail plate;

b — moderate shortening — from 1/2 to 1 nail plate;

c¢— moderate shortening — from 1/2 to 1 nail plate;

d — pronounced shortening — more than a nail plate

53 2022;28(3)
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Planto-podometric study

To assess the foot shape in 12 pediatric patients,
using the planto-podometric study based on the
graphic calculation analysis of the plantogram
(an imprint of the plantar surface, reflecting
the inclusion of foot zones in the perception of
static load, as well as signs of local overloads of
the plantar surface) and podometric images in
projection onto three orthogonal planes, the fol-
lowing parameters characterizing the foot shape
were evaluated (Fig. 2):

1) Chopart joint angle (a.) characterizes the
lateral deviation of the midfoot, formed by two
rays originating from a point located on the out-
er contour of the foot image below at the level
of 0.36-foot length from the heel (which corre-
sponds to the level of the calcaneocubital joint).
One of which is directed forward and passes
through the most laterally protruding point of
the foot contour in the bundled region, and the
other is directed backward and passes through
the most protruding point of the foot contour in
the heel region;

2) Angle of the toe I deviation (o.,) character-
izes the presence and severity of hallux valgus
and represent an angle between the tangent to
the contour of the main part of the foot on the
medial side and the tangent to the toe contour
on the same side;

3) Forefoot coefficient (k) characterizes the
forefoot position (adduction or abduction) rela-
tive to the hindfoot and is calculated as the ratio
of the width of the medial part of the line of bun-
dles to the width of the lateral part of this line;

4) Coefficient of the forefoot flatness (k,) char-
acterizes the degree of the forefoot flattening
and is calculated as the ratio of the foot width at
the level of bundles to the foot length;

5) Height of tuberosity of the navicular bone
(G") characterizes the height of the internal lon-
gitudinal arch, but it reflects the arch pronounce-
ment only indirectly because it also depends on
the foot length, which correlates with the pa-
tient’s age and is defined as the distance from the
plane of support to the lower edge of the navicu-
lar bone tuberosity;

6) Podometric index (p) characterizes the pro-
nouncement of the internal longitudinal arch of
the foot; calculated as the ratio of the height of
the navicular bone tuberosity to the foot length;

7) Angle of valgus or varus deviation of the
hindfoot (B) characterizes the position of the
hindfoot in the frontal plane and is calculated as
the angle between the vertical and the median
line of the hindfoot, connecting the middle of
the Achilles tendon and the middle of the sup-
porting surface of the heel.

A more detailed definition of these HSP Scan
parameters is presented in the methodological
manual [28].

The coefficient of interlimb asymmetry of the
foot shape was calculated by correlating the pa-
rameter value obtained when measuring one foot
with the value of the contralateral foot for each
of these parameters. Here, the lower value was
always divided by the larger one for a more dem-
onstrational comparison of the obtained results
when examining different patients (Table 3).

Fig. 2. A plantogram combined with a podometric
image of the feet from below, of patient at the age
of 5, 3.5 years after the middle phalanx

of the IV finger of the right foot transfer and 1 year
after a similar surgery on the left foot: no signs

of the feet shape asymmetry were revealed

54 2022;28(3)
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Table 3

Descriptive statistics of the assessment of interlimb asymmetry of the foot shape
in the group of operated patients, n = 12

Coefficient of interlimb asymmetry of planto-podometric parameters
Statistical parameter
Kal o2 Kkl Kkz KG' Kp K[i
Mean value (M) 0.99 0.55 0.79 0.98 0.85 0.84 0.68
Standard deviation (m) 0.02 0.35 0.21 0.02 0.14 0.14 0.19
Median (Me) 0.99 0.53 0.90 0.98 0.88 0.88 0.71
Coefficient of variation (Cv), % 1.6 64.5 27.1 1.8 16.1 16.3 28.0

A significant asymmetry of the plantograph-
ic and podometric parameters of the donor and
contralateral feet in the group of patients was
revealed only for two parameters, including the
angle of deviation of the toe I (a,) and the angle
of the frontal deviation of the hindfoot (). Such
asymmetry of these parameters in the group

Cv[K;] = 28.0%). A particularly pronounced asym-
metry of the angle of deviation of the toe I of
the donor and non-operated foot in a case was
due to the congenital syndactyly of rays I-II of
the donor foot in the patient. The patients’ data
were evaluated individually and in the group to
clarify whether the detected asymmetry of the

foot shape on an average was associated with the

(M[K,,] = 0.55; M[K ] = 0.68) is accompanied by
previous surgery (Table 4).

their pronounced variability (Cv[K ,] = 64.5%;

Table 4
Results of planto-podometric examination of patients
bS]
sl € a,, deg. a,, deg. k, k, G, mm p,% B, deg.

Z| 5 | &

5 | 8

8| &

g
LRELPLRCSLRCSLRCSLRCSL‘R‘CS L‘R‘CSLRCS
1 +] 4176|168 0,95 | -2 | -2 [ 1,00 1,65| 1,00 | 0,61 | 0,42 | 0,41 | 0,97 Unmeasurable 43075
2 +|4/170|163|0,9 | 9 | 9 |1,00]0,59| 0,67 | 0,89 | 0,43 | 0,42 (0,96 | 19 | 19| 1,00 | 11,31 |11,52|0,98 | 4 | 5 |0,80
3 |+ |+ |5 (171|173 0,99 11|10 |0,91 |1,63| 1,47 | 0,90 | 0,45 | 0,46 | 0,98 | 23 | 22| 0,96 | 12,04 | 11,46 | 0,95 | 11 | 11 | 1,00
4 +5/169(171]0,99| 7 | 14 [0,50| 1,22 | 1,23 |0,99| 0,41 | 0,39 | 0,95 | 36 | 22 | 0,61 | 21,3 [12,72| 0,6 | 7 | 8 |0,88
5 |+ |+|5/|170|171|0,99 [12] 9 |0,75/0,79| 0,87 | 0,91 | 0,45 | 0,43 | 0,97 | 26 | 18 | 0,69 | 14,77 | 10,17 | 0,69 | 3 | 2 | 0,67
6 |+ 6| 172|171/ 0,99 [11] 2 |0,18/0,76| 0,77 | 0,98 | 0,42 | 0,41 | 0,98 | 49 | 45 | 0,92 | 24,26 [22,39 0,92 | 5 | 4 |0,80
7 |+ 7 169|169 | 1,00 | -4 | 1 [0,25|1,11| 1,05 [0,95| 0,39 | 0,41 | 0,97 | 25 | 26 | 0,96 | 12,69 | 13,27 0,96 | 2 | 5 |0,40
8 |+ |+ |7 /170168099 | 1| 9 |0,11[0,92 1,00 |0,92 | 0,36 | 0,36 | 1,00 | 38 | 28 | 0,74 | 18,27 | 13,27 | 0,73 | 5 | 4 | 0,80
9 |+ 9 1170|170 | 1,00 | 9 | 16 | 0,56 | 1,08 | 0,95 | 0,89 | 0,42 | 0,42 | 1,00 | 38 | 33 | 0,87 | 18,54 | 15,79 | 0,85 | 5 | 2 | 0,40
10|+ |+|9/176|173]0,98 |-2|-1|0,50| 0,7 | 1,33 |0,52| 0,4 | 0,4 | 1,00 8 | 7 | 0,88 | 3,09 | 2,71 | 0,88 | 5 | 3 |0,60
11 +110|173|173|1,00 | 9 | 11 |0,82| 0,5 | 1,13 |0,44| 0,38 | 0,38 | 1,00 | 37 | 38 | 0,97 | 16,59 | 17,04 | 0,97 | 2 | 1 |0,50
12+ 13171171 1,00| 2 | 0 |0,00|0,38| 0,84 | 0,46 | 0,4 |0,41|0,99 |27 |19|0,70 | 11,64 | 7,98 | 0,69 | 7 | 4 |0,57

L — left foot; R — right foot; Cs — symmetry coefficient; bold font indicates the values of the operated foot parameters that are beyond
the normal range in case there is also a significant asymmetry of the parameter when comparing both feet.
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We paid special attention to the cases when
the parameter values of the operated foot were
beyond the normal range with the presence of
asymmetry compared with the contralateral foot,
which could indicate a pathological change as a
result of surgery.

Data of patients 4 and 7 were noteworthy
when analyzing the results of the deviation angle
of the toe I. Valgus deviation of toe I on the oper-
ated foot was noted in patients 4 and 6, both the
feet were donors in pediatric patient 5, and the
deviation was on one of them (up to 12°). Varus
deviation (up to 4°) was noted in toe I of patient
7 instead of valgus deviation. Additionally, pa-
tient 9 had a valgus deviation in toe I up to 16°
on the contralateral foot. However, this is not
regarded as a negative impact of surgery on the
foot shape because a deviation from the norm
for these patients was detected in the donor and
contralateral limbs.

An analysis of the deviation parameters of the
hindfoot showed that the results were within the
reference values in most patients and slightly ex-
ceeded the norm in some cases.

A planto-podometric study of the operated
and contralateral feet did not reveal any changes
in other parameters (Chopart joint angle, arch
height, coefficients and flattening of the fore-
foot, and podometric index), which could be di-
rectly related to the transplantation of the non-
vascularized toe phalanges.

Donor foot

Unoperated foot

Barodynamic and plantographic
examinations

The position and migration of the trajectory of
the underfoot pressure center were analyzed dur-
ing the examinations (Fig. 3).

The assessment in statics identified the dis-
placement of the general load center in the fron-
tal plane, which characterizes the support func-
tion of the lower limb. Concurrently, we did not
reveal a support preference for a healthy limb,
which would indirectly indicate a decrease in the
static support ability of the donor foot.

The study of patients’ gait also included the
measurement and analysis of asymmetry of the
duration of the rolling motion on the donor (T,)
and contralateral feet (T ), the anterior push
forces (F ,and F, ), and the posterior push forces
(F,,and F, ) (Fig. 4).

The interlimb asymmetry was assessed by cor-
relating the parameter value obtained for the do-
nor foot to the value of the contralateral one for
each of the biomechanical parameters.

The barodynamic and plantographic examina-
tion results are presented individually because of
the small group of examined patients (Table 5).

In 5 out of 7 pediatric patients examined, one
foot was donor and the other foot was intact, which
enabled us to compare them with each other to
identify changes in the biomechanical character-
istics of the operated foot. A decrease in the forces
of the anterior and posterior push in the rolling
motion (F, and F,) and the rolling duration (T) of
the donor foot was detected and compared with
the contralateral one in 2 (No. 1 and No. 3) out of
these 5 patients; whereas the reverse presentation
was noted in 1 patient (No. 2). Concurrently, no
significant decrease was found in the involvement
of the donor forefoot (no decrease in the trajec-
tory length of the pressure center in the forefoot
area was detected), as well as a zonal or local over-
load of the operated or contralateral forefoot.

Fig. 3. Load distribution in the supporting contour
of the feet of patient B. at the age of 9 years,

3 years after the the middle phalanx of the IV finger
of the left foot transfer:

a — the position of the pressure centers in static;

b — migration of the trajectory of the pressure center
when walking
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Fig. 4. Measurement of the load on the feet when walking patient
at the age of 9 years, 3 years after the middle phalanx of the 4" toe

of the left foot transfer:

a — in the mode of viewing the sequential display of graphs
of the integral load on the feet in time by steps;

units

DISCUSSION

Autografting of non-vascularized toe phalanges
improves the appearance and function of the
hand by restoring the finger anatomy by trans-
planting the toe phalanx into the finger defect;
however, according to some authors, it negatively
impacts the appearance of the donor feet, wors-
ens the quality of life due to difficulties with the
selection and wearing of shoes and causes emo-
tional problems [17, 25]. Concurrently, changes in
gait, associated with toe phalanges transplanta-
tion, were not observed [16, 22].

An interesting clinical and radiological study
by Garagnani et al., showed that changes in do-
nor sites in 40 patients with underdevelopment
of the fingers after 136 toe phalanges trans-
plantations with extensor tendon restoration
after the phalanx harvesting was performed
from 1991 to 2007. The Oxford Ankle Foot
Questionnaire study, which reflects the degree
of satisfaction of patients and their parents was
carried out, and X-rays were examined. Patients
reported a tendency to hide their feet, where
>80% of patients and their legal representatives
reported some degree of emotional problems re-
lated to their feet and >60% of patients noted
problems with the selection and wearing of the
shoes. From a clinical perspective, the shorten-
ing of donor toes was individual, and excessive

b — in the mode of transposition (overlapping) graphs

of the integral loads in steps.

i Designations: T — duration of rolling over the foot, sec;

! T F, — force of anterior thrust; F, — posterior; D — donor foot;

: C — contralateral foot; P — pressure under the feet, conventional

mobility was registered in 76%-100% of cases;
thus, the increase in clinical deformity of the
donor feet was expected during the harvest of
several phalanges from one foot. X-ray examina-
tion also revealed hypoplasia of the surrounding
bone structures, including the distal phalanx,
the middle phalanx, and the metatarsal. One
patient underwent amputation of toe IV of both
feet due to their instability and to improve the
appearance of the feet [25].

Bone autografting of the formed defect [10,
15, 16, 17], as well as suturing together the flex-
or and extensor tendons of the toe [14], or fixa-
tion of the toe for 4-5 weeks with preservation
of diastasis, was performed to prevent donor toe
shortening and deformity [14, 17]. Concurrently,
the foot is compromised to the least extent dur-
ing bone autografting; however, there is a risk of
graft lysis, and an absence of mobility in the toe
is also noted [16, 17].

Unglaub et al. followed up cases of linear
shortening of donor toes in the previously op-
erated patients, who did not significantly affect
their gait [22].

In reliance on the literature available, we
conducted a study of the state of the donor feet
in patients in the long-term period postopera-
tively after the harvesting of non-vascularized
phalanges.
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A survey of patients and their legal represent-
atives using the Oxford Ankle Foot Questionnaire
did not reveal complaints about impaired sup-
port and gait, pain, limitations in wearing shoes,
and emotional problems due to the appearance
of toes although our clinical and radiological ex-
amination confirms the authors’ findings on the
linear shortening of the donor toes (more signifi-
cant shortening was detected in those pediatric
patients whose proximal phalanx was harvest-
ed). Our study was supplemented by an instru-
mental biomechanical assessment of donor and
contralateral feet and revealed no significant
changes in their shape and statodynamic func-
tion in the long-term period after harvesting the
toe phalanges for autografting to the hand.

Study limitations

The result interpretation of the biomechani-
cal examination of the patients’ feet was small
sample size. Also, limited data availability (four
reported studies) determined the relevance of
further studies of this issue.

CONCLUSION

The computer plantography and podometry re-
sults showed that the data obtained on the effects
of non-vascularized phalanx transplantation of
the toes on pathological changes in the longitu-
dinal arch, adduction/abduction of the middle or
anterior segments, flattening of the anterior seg-
ment, or valgus/varus angulation of the posterior
segment of the operated foot were not statistically
significant. Additionally, no significant changes
were revealed in the statodynamic function of the
operated foot in the long-term period after har-
vesting the toe phalanges for transplantation to
the hand, according to the barodynamic and plan-
tographic examination results.

The method for autografting of non-vascu-
larized toe phalanges can be used for finger re-
construction without the risk of pronounced
impairment in the statodynamic function of the
donor zones. However, the data array available
for examination, which is less due to the low in-
cidence of pathology and its surgical treatment
using the study method, makes it expedient to
further follow-up the condition of the feet in a
larger number of patients and for longer periods
postoperatively.
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