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Variants of pathological changes of feet in children
with Klippel-Trenaunay syndrome

Alexander G. Veselov', Victor V. Nabokov', Olga N. Vasilieva',
Elena V. Terekhina', Natalya A. Veselova?

' Saint-Petersburg State Pediatric Medical University, Saint Petersburg, Russia
2Clinic “Energy of Health”, Saint Petersburg, Russia

ABSTRACT

Background. The severity of foot deformities in embryonic type dysplasia of the great veins of the lower extremities (Klippel-Trenaunay
syndrome) varies depending on the severity of vascular damage. Hypertrophy of the limbs or individual segments can range from
insignificant to extremely pronounced. Klippel-Trenaunay syndrome is often combined with orthopedic pathologies such as macro- and
microdactyly, syndactyly, flat feet, and contractures.

Aim — to analyze the variants of pathological changes in the feet in children with Klippel-Trenaunay syndrome of varying severity.
Materials and methods. The work is based on the results of examining 73 patients with embryonic type dysplasia of the great veins
(ETMGV) aged from 0 to 18 years, who were treated from 2014 to 2024. According to the severity of the pathology, four groups of pa-
tients were identified — with mild, moderate, severe and extremely severe degrees of ETMGV (Klippel-Trenaunay syndrome includes
only moderate, severe and extremely severe degrees of ETMGV).

Data processing was performed using the STATISTICA 6.0 and Excel2007 computer programs.

Results. Patterns of increase in the length and circumference of the feet in patients with Klippel-Trenaunay syndrome were deter-
mined. Statistical analysis of the average difference in foot lengths and the asymmetry coefficient was performed in groups of patients
compiled in accordance with the severity of the syndrome. An increase in the severity of foot length asymmetry was found with an
increase in the severity of Klippel-Trenaunay syndrome. As a result of examination of 73 children, equinus contracture of the feet of the
affected limb was detected by us in 5 patients (6.84%), of which 2 (2.7%) had a severe degree, and 3 (4.1%) had an extremely severe
degree. Split foot was detected in one patient (1.4%) with a severe degree. “Spherical’ foot shape was detected in 3 children (4.1%)
with an extremely severe degree of the syndrome.

Conclusions. Changes in the length and circumference of the foot of the affected lower limb in patients with Klippel-Trenaunay syn-
drome are directly dependent on the severity of the syndrome. Correlations were determined between the severity of the syndrome and
an increase in the size of the limbs (calf circumference, thigh length and overall limb length, foot length and circumference, calf length
and thigh circumference). Variants of changes in the feet were identified according to the degree of expression of cosmetic changes
and changes that impair their function.
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BapuaHTbl naToNOrM4yecKux MU3MeHeHn cTon y aeTen
¢ cuHgpomom Knunnens-TpeHoHe

Pa3nNYyHON CTENEHMN TAXKECTU
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2 KnuHuka «OHeprus 300poBbsi», CaHkT-MetepBypr, Poccus

PE3IOME

AKTyanbHOCTb. BbipaxeHHOCTb AedhopmaLuii CTON NPy AMCTIa3nui MarucTpanbHbIX BEH HIKHUX KOHEYHOCTEN 3MOPHOHaMNbHOrO TUNa
(cuHopom Knunnens—TpeHoHe) BapbipyeT B 3aBUCUMOCTY OT CTEMEHM TSHKECTU MOPAXEHNS COCYAO0B. [MnepTpodust KOHEYHOCTEN UK
OTZENbHBIX CErMEHTOB KONebrneTcs 0T He3HAUYNTENbHON A0 YPesBblYaliHO BbipaeHHON. CuHapom Knunnens—TpeHoHe Hepeako co-
YeTaeTcs C OPTONEANYECKON NaTONOMMEN: MakpO- 1 MUKPOLAKTUINEN, CUHAAKTUAEN, NNOCKOCTOMMEM W Pa3nNYHbIMU KOHTPaKTYpamu.
Llenb — npoaHanuanpoBaTb BapuaHTbl NATONOrMYECKUX U3MEHEHWA CTOM Y AETEN C CUHAPOMOM Knunnens—TpeHoHe pasfinyHomn
CTEMEHU TSHKECTW.

Matepuansi u meToabl. B pabote ncnonb3oBaHbl pesynbTaTsl 06cnefoBaHns 73 nauneHToB ¢ SMOPUOHamNbHBIM TUMOM AVCnnasu
MarucTpanbHbix BeH (QMBOIT) B Bospacte ot 0 go 18 neT, HaxoaMBLUMXCS Ha NleYeHnn B xupyprudeckon knvunke CI6ITIMY ¢ 2014
no 2024 rop. BoigeneHbl YeTbIpe rpynnbl NaLUEeHTOB MO CTEMEHN TSHKECTN — ferkas, CpeaHss, TSKenas 1 kpanHe Tskenas CTeneHb
OMBOT (cuHapom Knunnens—TpeHOHe BKIOYAET TOMbKO CPEAHION, TSXKENYHO U KpaliHe Tshkenyto ctenenn JMBIT).

[aHHble 0bpabaTbiBany ¢ MOMOLLbH KoMMboTepHbIx NporpamMm STATISTICA 6.0 n Excel 2007.

Pesynbtatbl. OnpefeneHbl 3aKOHOMEPHOCTW YBENUYEHNS AMIMHBI U OKPYXXHOCTW CTOM Y NauueHToB ¢ cuHgpomom Knunnens-Tpe-
HoHe. CTaTUCTUYeCKUIn aHam3 CpeaHen pasHuLbl AMH CTOM U KO3 drLMEHTa acMMETPIUN MPOBOAMICA B rpynnax nalmeHToB, co-
CTaBMeHHbIX B COOTBETCTBUN CO CTEMEHBIO TSHKECTW CMHAPOMA. BbISBMEHO YBENNYEHME BbIPAXKEHHOCTI aCUMMETPUM AMMH CTOM Npy
HapacTaHuM CTeneHn TsHkecTu cuiapoma Knunnens-TpeHoHe. B pesynbTaTe obcnenoBanmns 73 aeTen 3KBUHYCHAs KOHTPaKTypa CTon
MOpPaXeHHOM KOHEYHOCTI oTMevanack y 5 (6,84%) naumeHToB, U3 HUX NpK Tshkenon cTeneHn — y 2 (2,7%), v Npu KpaiHe Tsxenon
crenenn y 3 (4,1%) neten. PacwenneHHas ctona BbisiBiieHa y ogHoro nauyeHTa (1,4%) ¢ Tskenon creneHblo. «LLlapoobpasHasy
thopma ctonbl — y 3 (4,1%) 4eTen ¢ KpanHe TSHKENOW CTENeHb0 CUHAPOMA.

BriBoabl. OTMeyaeTcs npsimas 3aBUCKMOCTb M3MEHEHWNS ANMHBI 1 OKPYKHOCTM CTOMbI MOP&KEHHON HIKHEN KOHEYHOCTY Y MALMEHTOB
¢ cHapomoM Knmnnensi—-TpeHOHe OT CTeneHu TskeCTw cuHapoma. OnpeaeneHbl KOppensauumu yBenvYeHns pasmepa KOHEYHOCTeN
CO CTEMeHsIMU TSKECTW CMHAPOMA. BblgeneHsl BapuaHTbl U3MEHEHWI CTOM MO CTEMNEHN BbIPAXEHHOCTU KOCMETUYECKIX N3MEHEHWI U
U3MEHEHNIA, HApYLLAKOLMX UX DYHKLMIHO.

KnioueBble cnoBa: ruraHTam, cuHapom Knunnens-TpeHoHe, MHOXECTBEHHbIE aHMMOKepaTOMbI, «MOPTBe/HbIE» NATHA, AedopMa-
Lu cTon
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BACKGROUND

In 1900, the French neuropathologists M. Klippel and
R. Trenaunay first described the characteristic symptoms
that constitute the triad of this syndrome [1]. Based on
numerous studies published in the 20th century on dif-
ferent types of limb enlargement, in 1921, Gassel con-
ducted a review of 53 patients with hemihypertrophy [2].

The prevalence of Klippel-Trenaunay syndrome
ranges from one to five cases per 100,000 people, and
sex does not influence the likelihood of its development
[3]. Limb growth is proportional to the general growth
of the child, and vascular anomalies persist through-
out life [4]. These processes may be accompanied by
anomalies of the soft tissues, bones and changes in
limbs length [5, 6]. The main sign of the syndrome is a
triad of symptoms: vascular stains, abnormal varicose
veins, and hypertrophy of the soft tissues and bone
structures, with an increase in the length and volume of
the limb. This syndrome is a manifestation of embryo-
nic-type main vein dysplasia (ETMVD) [7]. According to
the classification by D. Kupatadze, ETMVD can be pre-
sented in mild, moderate, severe and extremely severe
forms [7]. The mild form of ETMVD does not include
all signs of Klippel-Trenaunay syndrome, since there
is no increase in the volume and length of the limb,
therefore, the syndrome includes ETMVD of moderate,
severe, and extremely severe degrees.

The severity of deformities in the syndrome va-
ries depending on the severity of the vascular lesions:
the more serious the vascular involvement, the more
pronounced the deformities. Hypertrophy of individual
limb segments can be either minor or very pronounced.
Since bone tissue is not involved in the pathological
process, only an increase in the limb circumference is
observed. Klippel-Trenaunay syndrome is often ac-
companied by orthopedic pathology, such as macro-
and microdactyly, syndactyly, and flatfoot [8].

According to literature sources [6, 9, 10, 11], the
lower limbs are affected most often: an increase in the
volume and length of the foot is noted, and less often,
lengthening of the entire limb. These changes may lead to
secondary deformities of the spine, pelvis, adjacent joints,
and symmetrical limbs, which disrupts biomechanics and
functions. It is clear that, in the absence of timely correc-
tion, a number of orthopedic complications may occur.

Despite a large number of studies on the treatment
of vascular malformations, orthopedic disorders are con-
sidered concomitant pathologies that receive insufficient
attention, especially regarding the possibility of their ortho-
pedic correction. Issues related to pathological changes
of the feet and the planning of the scope and stages of
surgical orthopedic therapy remain insufficiently covered.

Hypertrophy of the lower limbs occurs in 95% of ca-
ses [12-15] and manifests as an increase in their length

and/or circumference [13]. In the literature, descriptions
of foot deformities and enlargement are general in nature,
without detailed specification [16-18]. In patients with
moderate Klippel-Trenaunay syndrome, changes in foot
configuration are observed, accompanied by moderately
pronounced cosmetic imperfections. Consequently, there
were no indications for surgical orthopedic correction.

Changes in foot configuration in children

with severe Klippel-Trenaunay syndrome
Changes in foot configuration in children with se-

vere degree of the disease were divided by us into two

levels according to objective cosmetic criteria.

*  Moderately pronounced changes were defined as
those that do not create a significant cosmetic de-
fect and do not interfere with the choice and use of
footwear.

*  Pronounced changes were defined as foot configu-
rations that cause a significant cosmetic defect and
reduce the child’s quality of life.

In case of significant foot enlargement associated
with uneven load distribution on the lower limbs and im-
paired weight-bearing function of the affected limb, the
gait pattern changes. Over time, these changes may
cause scoliotic deformation and early development of
arthrosis in the lower limbs.

The most pronounced changes in foot configuration
were observed in children with extremely severe Klip-
pel-Trenaunay syndrome. In the region of the dorsal
and plantar surfaces of the feet, an excess volume of
soft tissues, including subcutaneous fat and vascular
malformations, was observed. The soft tissues were
distributed unevenly, giving the foot a spherical shape.
In three patients with an extremely severe degree of the
syndrome, a spherical shape of the foot on the affected
limb was observed. Dysplastic changes involved all soft
tissues of the foot, lower leg, and thigh. As a result, these
patients experienced constant pain syndrome, and in an
upright position they could remain for no more than three
minutes without the use of compression hosiery (Table 1).

MATERIALS AND METHODS

This study is based on data obtained from the ex-
amination and treatment of 73 patients with embryonic-
type main vein dysplasia (ETMVD) aged 0-18 years,
who were treated between 2014 and 2024 in the surgi-
cal departments of Pediatric University.

The severity of embryonic-type main vein dyspla-
sia was determined according to the classification of
D.D. Kupatadze. It should be noted that this classifi-
cation is aimed at systematizing vascular changes in
this pathology and is widely used by pediatric vascu-
lar surgeons for planning the correction of the vascu-
lar component. However, pathological changes in the
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Table 1. The frequency of cosmetic defects of the feet and the frequency of violations of the “support” of the feet, depending on the severity of vascular
pathology

Tabnuua 1. Yactota KOCMETUYECKMX AedeKToB CTON W YacToTa HapyLIEHWs «OMOPHOCTUY CTOM B 3aBUCUMOCTW OT CTEMEHN TSHKECTU COCYAUCTOM
naronoruu

Matonoruyeckue nameHenns cron / Pathological changes in the feet
CreneHb TSHXXECTV AUCNNa3vi MarucTpanbHbIx
BeH aMbpuoHansHoro Tvna / YacToTa KoCMeTUYeCKUX AedekToB / HapYLLEHNS! «OMOPHOCTI» CTOMbI /
Degree of severity embryonic type dysplasia frequency of cosmetic defects violations of the “support” of the foot
of the great veins , p
YMEPEHHO BbIpaxeHHbIE / BbIpaXeHHble / cpenHeil cTenenn / | Tskenow ctenenn /
moderate symptoms expressed medium degree severe degree
Jlerkas / Light 0 0 0 0
> CpepnHen TsxecTu / 9(12,3%) 0 3 (4,1%) 0
= Moderate severity
s 20
§[.|C—IL§ E Tsxenas / 5(6,2%) 17 (23,3%) 21(28,8%) 5(6,2%)
T =52 | Severe degree
cgg®
=< KpaitHe Tsxenas / 0 7(9,6%) 0 7(9,6%)
2 Extremely severe degree

Table 2. Severity of pathology in children with embryonic type of great vein dysplasia, depending on gender and clinical picture of Klippel-Trenaunay
syndrome

Tabnuua 2. CTeneHu TSHKECTU NOPaXEHUs Yy [eTelt ¢ IMOPUOHabHBIM TUMOM AUCIIA3UK MarucTpanbHbIX BEH, B 3aBUCUMOCTI OT NOMa U KNuHKYe-
CKOM KapTuHbl cuHapoma Knunnens—TpeHoHe

CB?;,:: ';(f)%i)gf:;: / KnuHnyeckas kapTuHa / Clinical picture G'l%ér
TNerkas / Light 1. « nagkue» cocyamcTble natHa. / “Smooth” vascular spots. M| X
2. ATUnu4Hble, 3M6pUOHanbHbIe BEHbI (B Npeaenax CErMeHToB KOHEYHOCTH). /
Atypical, embryonic veins (within the segments of the limb).
Cpephss, 3,4, 5,6 — 3. CUMMeTPNYHOE YBENUYEHNE OKPYXKHOCTU KOHEYHOCTH / 7| 4
JOMOMHUTENBHO K Npeablay- Symmetrical increase in limb circumference.
Wym cumntomam / 4. HecummeTpuuHas runeptpocons. / Asymmetrical hypertrophy.
Average 3,4, 5,6 — 5. Byrpuctble cocyaucTble naTHa. / Tuberous vascular spots.
in addition to the previous 6. MeCTHbI CMHAPOM AMCCEMUHUPOBAHHOMO BHYTPUCOCYANCTOrO CBEPTLIBAHMS. /
symptoms Local disseminated vascular coagulation syndrome.
Co0TBETCTBYET KNMHNYECKOI kapTuHe cuHapoMa Knunnensi—TpeHoHe /
Corresponds to the clinical picture of Klippel-Trenaunay syndrome
2 Tsxenas, 7, 8,9, 10, 11,12, | 7. TuraHtam cton, MakpokpogakTunus. / Foot gigantism, macrodactyly. 16 | 14
% o | 13,14 — pononHutensHo 8. «OnedaHTnasy. / “Elephantiaz”.
= 2 | knpegbiaywmm cumntomam /| 9. KontpakTypel. / Contractures.
é S | Severe7,8,9,10, 11, 12, 10. HapyLweHus yHKUuM koHeuHocTw. / Limb function disorders.
8 8 | 13, 14 — in addition to the 11. MNMopaxeHue TkaHei ABYX KOHEYHOCTeN n bonee. /
€< previous symptoms Damage to the tissues of two or more limbs.
% 2 12. OMOprOHanbHbIE BEHbI PACTPOCTPAHAKOTCS Ha BCHO KOHEYHOCT. /
3£ Embryonic veins spread to the entire limb.
:C::% (%, 13. MopaxeHune coCyA0B OpraHoB Marnoro Tasa. /
3 = Damage to the vessels of the pelvic organs.
e s 14. PacnpocTpaHeHHbI CUHAPOM [IMCCEMUHUPOBAHHOTO BHYTPUCOCYAMCTOrO CBEPThIBAHNS. /
E P A common disseminated vascular coagulation syndrome.
g e COOTBETCTBYET KMMHWYECKOI KapTuHe cuHapoMa Knunnensi—TpeHoHe /
§ Té_ Corresponds to the clinical picture of Klippel-Trenaunay syndrome
qg’ é‘ KpaiiHe Tsxenas, 15, 16, 15. Ypopytowwas runeptpodms koHeuHocTw. / Disfiguringlimb hypertrophy. 51 2
% 17, 18, 19 — pononHutensHo | 16. «BeHosHble coTbi» Ha roneHu. / “Venous honeycombs” on the lower leg.
x K npedbliayLym cumntomam /| 17. FonoBOKpYeHWE, KONnanTouaHble COCTOSHUS, NOTeps CO3HAHMS MOCMe KpaTKoBpe-
Extremely severe 15, 16, 17, MEHHON X0b0bl 63 anacTUYHbIX OUHTOB. /
18, 19 — in addition to the Dizziness, collaptoid states, loss of consciousness after short-term walking without
previous symptoms elastic bandages.
18. MeneHa u rematypus. / Melena and hematuria.
19. Knctbl n numdaHrnombl GpIoLLIHOI: NONOCTY 1 3aBpHOLUMHHOTO NPOCTPaHCTBa. /
Cysts and lymphangiomas of the abdominal cavity and retroperitoneal space.
Co0TBETCTBYET KNMHWNYECKO kapTuHe cuHapoMa Knunnens—TpeHoHe /
Corresponds to the clinical picture of Klippel-Trenaunay syndrome




limbs are described schematically in this classification
and are not fully characterized, which limits its use for
assessing orthopedic disorders.

Thus, in our study, a detailed analysis of foot pa-
thology was performed in patients with each degree of
disease severity to develop prospective plans for the
scope and stages of surgical orthopedic correction.

Of 73 patients, 11 children had mild ETMVD
(10.9+1.7 years), 25 children had moderate ETMVD
(13.0£0.65 years), 30 children had severe ETMVD
(10.2+0.7 years) and 7 children had extremely severe
ETMVD (8.9+2.4 years).

In Table 2, the patients are distributed accor-
ding to the D.D. Kupatadze classification depending
on the severity of EMTVD and sex. The severity levels
of EMTVD corresponding to the clinical presentation of
Klippel-Trenaunay syndrome are also highlighted.

The circumference of the forefoot was measured
using a tape at the level of the metatarsophalangeal
joints. Foot length was assessed using the Fridland
method: the foot was placed on a clean sheet of paper,
and its contours were outlined with a pencil in a vertical
position. Then, the foot length was measured along the
contour from the tip of the toes to the posterior end of
the heel using a ruler or measuring tape.

When analyzing the results, not only the difference
between the healthy and affected foot was considered,
but the asymmetry coefficient (AC) was also calculated:

AC = (L2-L1)-100/L1,

where L1 is the length of the affected foot (the larger
measurement); L2 is the length of the normal foot (the
smaller measurement). In addition to length measure-
ment, the contourgram made it possible to determine
the enlargement of individual rays and to draw conclu-
sions about the form of foot involvement. The height of
the longitudinal arch of the foot, defined as the vertical
distance from the floor to the highest point of the plan-
tar surface (area of the navicular bone), was used to
assess the condition of the arch. Then, the Friedland
podometric index (FPI) was calculated:

FPI = (foot height - 100) / foot length.

FPI interpretation:

* more than 31 — high arch;

from 31 to 29 — normal arch;

from 29 to 27 — lowered arch;

from 27 to 25 — flatfoot;

less than 25 — pronounced flatfoot.

These measurements were obtained in adolescents
with completed foot growth and without pronounced
excess soft tissue in the plantar area. In preschool- and
primary school-age children, normative data for arch
height do not exist. All measurements were performed

in the standing position with weight. The determination
of hindfoot pronation (heel pronation) was carried out as
follows: an axis was drawn along the posterior surface
of the leg through the midline of the Achilles tendon to
the middle of the calcaneal tuberosity. Deviation of the
axis outward from the vertical line indicated the angle
of pronation of the hindfoot, i.e., the heel. Under normal
conditions, the heel axis coincides with the plumb line
drawn through the middle of the Achilles tendon.

Instrumental methods of orthopedic examination

To diagnose foot pathology, different instrumental
methods were used. Radiography was performed us-
ing Philips CombiDiagnost R90 (Germany). By allowing
the assessment of the bone structures of the foot of the
affected limb, radiography helped to identify the pre-
sence of true hypertrophy. The study was conducted on
symmetrical areas of the both limbs in order to perform
a comparative analysis.

The vessels were examined using a GE Innova
3100 (USA). Phlebography was necessary for a com-
prehensive examination of the main veins in children.
Fig. 1 shows the pathological venous bed of the limb.

Ultrasound examination of the vessels and soft tis-
sues was performed using a Philips Affiniti 50 appara-
tus (Netherlands). An ultrasound image of the patho-
logical changes in the vein bed is presented in Fig. 2.

13619.2.167.32640.6441.62107.1453440422.15.13

]

Fig. 1. Phlebography of the left lower limb of patient Ch., 1 year
8 months; Diagnosis: embryonic type dysplasia of the great veins of the
left lower extremity. The lateral embryonic vein is indicated by single ar-
rows; the hypoplasia of the popliteal segment of the deep femoral vein
is indicated by a double arrow

Puc. 1. ®neborpacdns neBoit HXHe KOHeYHOCTH nauuenTa Y., 1 rof
8 mecsues. [lnarHo3: Aucnnasuns MarucTparnbHbIx BeH 3MOPUOHaNbHOMO
TMNa NEBOI HUKHE! KOHeYHOCTW. JlaTepanbHas aMbproHanbHas BeHa
0603HaueHa OfWHapHbIMK CTPenKkamy; rUnonnasms MOAKONEHHOro
cermeHTa rnybokoil 6eapeHHol BeHbl 0603Ha4eHa JBONHON CTPENKOI
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Fig. 2. Ultrasound of the veins of the upper third of the lower leg, pa-
tient Ch., 10 years old. Diagnosis: embryonic type dysplasia of the
great veins of the left lower extremity. The lateral embryonic vein is
indicated by a single arrow; the dilated tributaries of the embryonic vein
are indicated by double arrows

Puc. 2. YnbTpa3sBykoBoe uccrefoBaHUe BEH BEPXHEN TPETU rONeHwu,
nayveHt Y., 10 net. Aucnnasns maructpanbHbIX BEH NEBON HBKHEN
KOHeYHocT ambpuoHanbHoro Tuna. flatepanbHas amOpuoHanbHas
BeHa 0603HayeHa OAWHAPHOW CTPENKOW; AUNaTMPOBaHHbIE MPUTOKM
9MOpKOHarnbHO BeHbl 0603Ha4€eHb! 4BOHBIMI CTPENkamm

Klippel-Trenaunay syndrome may be diagnosed
after birth according to phenotypic signs. To confirm the
diagnosis, patients underwent ultrasound examination
of the lower limb vessels and venography. The main
pathological changes in the surface veins were de-
termined during ultrasound examination, including an
excessively pronounced and tortuous venous network
with varicose changes and the presence of embryonic
lateral veins. In the deep veins, hypoplasia of the popli-
teal segment of the femoral vein of varying severity was
found; similar data are reported in the literature [11].

Phlebography of the affected limb was performed
in all patients. The main aim of this examination was to
confirm the diagnosis. Additionally, the deep veins were
assessed in order to plan potential surgical operations
involving the superficial veins, the lateral embryonic
vein and the deep veins. The literature also reports the
use of these methods for clarification and preoperative
planning [12-14].

Statistical analysis

The normality of the distribution of variables was
assessed using kurtosis and skewness indices, which
characterize the shape of the Gaussian distribution curve.
Parametric statistical methods, including the calculation of
Student’s t-test, were used to process the results, as the
distribution of values in the samples was close to normal.

For variables with a continuous distribution, the
arithmetic mean (M) and the standard error of the mean
(m) were calculated, whereas for variables with discrete
values, the frequency of occurrence was determined.

For correlation analysis, Pearson correlation coef-
ficient was used, taking into account its absolute value

ISSN 2079-7850 (Print)

and the level of statistical significance, which depends
on the sample size and allows the assessment of suf-
ficiently strong correlations.

Data processing was performed using STATISTICA 6.0
and Microsoft Excel 2007.

RESULTS AND DISCUSSION

During the study, pathological changes in the feet
of children with various degrees of EMTVD were ana-
lyzed: mild, moderate, severe, and extremely severe.

Foot changes in mild embryonic-type
main vein dysplasia

Eleven children with mild EMTVD were examined.
In 6 adolescents (13 years old — 1 individual, 14 years

Fig. 3. Patient A, 8 years old, diagnosis: in embryonic type dysplasia
of the great veins of the lower extremities moderate severity. Increase
in length and circumference of toes IlI, IV, and V

Puc. 3. MayweHt A., 8 net, ¢ AMarHo3om: AMCNnasus MarucTparnbHbIX
BEH 3MOPWOHANLHOMO TUNa CpefHEeN CTEMEHN TSXECTW. YBEnuyeHue
AnuHbl 1 okpyxHocTh L, IV 1 V nanbLes cTonbl

Fig. 4. Patient B., 4 years old. Diagnosis: in embryonic type dysplasia
of the great veins of the lower extremities moderate severity. In patients
with moderate severity, an increase in the forefoot was recorded with
an increase in the circumference and length of the fingers

Puc. 4. Mauvent b., 4 ropa. narHos: gucnnasns maructpanbHbIX
BEH HWKHEN KOHEYHOCTW 3MOPUOHAmNbHOTO TUNa, CpegHel cTeneHu
TAXECTH. Y naLneHTa co cpeaHeil CTeneHbio TAXECTH 3athUKCUpOBaHO
yBENUYeHne nepefHero oTgena CTOMbl, OKPYXHOCTM U ANWHbI
nanbLeB
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old — 2 individuals, 15 years old - 2 individuals, and
16 years old — 1 person), a decrease in the height of
the longitudinal arch of the foot was revealed. In the
remaining five cases, no foot pathology was observed.

Foot changes in moderate embryonic-type main

vein dysplasia (Klippel-Trenaunay syndrome)
Twenty-five children with moderate Klippel-Tre-

naunay syndrome were examined. Among them:

+ in 12 adolescents, a decrease in the height of the
longitudinal arch of the foot was revealed;

* in 4 patients, a valgus foot position was found;

*+ in 5 patients, an increase in the length and circum-
ference of one or more toes was noted (Fig. 3);

* in 3 patients, an enlargement of the forefoot with
an increase in the circumference and length of the
toes was recorded (Fig. 4);

* in one child, pachydermodactyly was registered —
an increase in skin thickness without a significant
change in the thickness of the subcutaneous fat.

Foot changes in severe embryonic-type main vein

dysplasia (Klippel-Trenaunay syndrome)

Thirty patients with severe Klippel-Trenaunay syn-
drome (severe ETMVD) were examined.

In children with severe Klippel-Trenaunay syn-
drome, pathological changes in the feet were more
pronounced:

+ adecrease in the height of the longitudinal arch of
the affected foot was found in 4 adolescents;

+ avalgus foot position was detected in 2 patients;

* in 7 children, an enlargement of the forefoot com-
bined with a uniform increase in the toe circumfe-
rence was observed (see Fig. 3);

* in 5 patients, an enlargement of individual rays of
the foot was recorded (Fig. 5);

B
Fig. 5. Patient A., 5 years old. Diagnosis: in embryonic type dysplasia

of the great veins of the lower extremities severe severity. Enlargement
of rays | and Il of the right foot

Puc. 5. Mauuent I., 5 net. [narHos: aucnnasus maructpanbHbIX
BEH HWKHE KOHEYHOCTM 3MOPUOHANBHOTO TUMA TSXENOW CTeneHu.
YBenuyerwe | 1 |l nyyeit npaBoi cTonbl
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Fig. 6. Patient G., 7 years old. Diagnosis: in embryonic type dysplasia of
the great veins of the lower extremities severe severity. Splitting the left foot

Puc. 6. Maument I, 7 net. [lnarHo3: gucnnasans MaructpanbHbiX
BEH HWKHEN KOHEYHOCTW 3MOPUOHAMbHOTO TUMa TXEnoi CTeneHu.
BapuaHT paclyennenus neeoii CTonbl

Fig. 7. Patient N., 11 years old. Diagnosis: in embryonic type dysplasia
of the great veins of the lower extremities severe severity. Increase
in the circumference of all parts of the right foot, with a slight increase
in length and circumference of the fingers

Puc. 7. MayueHt H., 11 net. [uarHo3: Aaucnnasus MaructparbHbIX
BEH HWKHEN KOHEYHOCTU 3SMOPMOHANBHOTO TWMA TSHKENON CTEMEHM.
YBenuueH1e OKPYXKHOCTW BCEX OTAENOB NPaBOW CTOMbI C HE3HAYNTENBHBIM
YBEMUYEHNEM JTMHbI 11 YBENNYEHNEM OKPYKHOCTYW NanbLeB

Fig. 8. Patient K., 13 years old. Diagnosis: in embryonic type dysplasia
of the great veins of the lower extremities severe severity. Equinus
contracture of the left foot

Puc. 8. Mauwvent K., 13 net. [narHo3: aucnnasus maructpanbHbIX
BEH HWXHEN KOHEYHOCTW 3MOPUOHAmNbHOMO TUMA TSIKENON CTeneHu.
OKBWHYCHas KOHTPaKTypa neBoii CTOMbI
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* in 4 patients, an increase in the toe circumference
was noted, mainly due to vascular malformations of
the soft tissues;

* in 2 children, an enlargement of individual rays of
the foot combined with clinodactyly was revealed;

+ in one patient, a deformity resembling a split-foot
type was found (Fig. 6);

« in 3 patients, an increase in the circumference of
all parts of the foot with a slight increase in length,
as well as an increase in the circumference of all or
several toes, was noted (Fig. 7);

« equinus contracture of the affected foot was de-
tected in 2 children (Fig. 8).

Foot changes in extremely severe

embryonic-type main vein dysplasia (Klippel-

Trenaunay syndrome)

Seven patients with extremely severe Klippel-Trenau-
nay syndrome (extremely severe EMTVD) were examined.
In this group, foot pathology was most pronounced:

* in the region of the dorsal and plantar surfaces of
the feet, an excessive volume of soft tissue was
observed, including subcutaneous fat and vascular
malformations; the soft tissues of the foot were dis-
tributed unevenly;

+ uneven enlargement of all parts of the foot com-
bined with total syndactyly of the Il, I, and IV toes
was found in 1 patient (Fig. 9);

« a«spherical» shape of the foot of the affected limb
was noted in 3 patients (Fig. 10);

* equinus contracture of the foot was detected in 3
patients, and the contracture was rigid in nature.
The frequency of identified foot changes in patients

with EMTVD is presented in Table 3.

Fig. 9. Patient S., 3 years old. Diagnosis: in embryonic type dysplasia
of the great veins of the lower extremities extremely severe severity.
Uneven enlargement of all parts of the right foot with a total form

Puc. 9. Mauwent C., 3 roga. [lnarHo3: aucnnasus maructpanbHbIX
BEH HVKHEN KOHEYHOCTM 3IMOPMOHANBHOTO TWUMa KpaiHe TsHKenow
cTeneHn. HepaBHOMEPHOE yBENUYEHNE BCEX OTAEMNOB NPaBOW CTOMbI
C TOTanbHoM hopmon

It was found that the circumference of the lower
leg, thigh lengh and total limb length showed statisti-
cally significant positive correlations with the severity
of Klippel-Trenaunay syndrome (p <0.001). Also, lower
leg length, thigh circumference, foot length and circum-
ference were positively correlated with disease severity
(p =0.01). No statistically significant association was
found between patient age and the severity of the syn-
drome (r=0.13, p >0.05).

CONCLUSION

1. Thirteen types of pathological foot changes were
identified;

2. Indications for surgical treatment were established
in children with severe (21) and extremely severe (7) Klip-
pel-Trenaunay syndrome.

3. Lower leg length, thigh circumference, and foot
length and circumference showed significant positive cor-
relations with disease severity (p < 0.01).

4. No statistically significant association was found be-
tween syndrome severity and patient age (r=0.13, p > 0.05).

5. The differentiation of pathological changes depen-
ding on the severity of cosmetic and functional changes in
the feet contributes to optimizing the choice of orthopedic
surgical correction in the future.

Our study revealed a diversity of pathological changes
in the feet of children with different severity levels of Klip-
pel-Trenaunay syndrome. Statistically significant correla-
tions were found between foot length and circumference,
as well as between lower leg length, thigh circumference,
lower leg circumference, thigh length, total limb length, and
syndrome severity.

Based on the obtained results, a classification of patho-
logical changes according to the severity of cosmetic and
functional foot disorders has been proposed. This approach
may serve as a guide for determining the indications and
surgical strategy for future orthopedic correction.

-
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Fig. 10. Patient S., 15 years old. Diagnosis: in embryonic type dyspla-
sia of the great veins of the lower extremities extremely severe severity.
“Ball-shaped” form of the right foot

Puc. 10. Maument T., 15 net. [lnarHo3: gucnnasus marmcTpanbHbIX
BEH HWKHEN KOHEYHOCTM 3MOPMOHANbHOTO TWNa KpaiHe TshKenom
crenehu. «LLapoobpasHasy dopma npasoi cTombl




Table 3. Frequency of pathological changes in the feet of children with dysplasia of the great veins of the lower extremities of varying severity

lippel-Trenone syndrome

Tabnuua 3. Yactota natonoruyeckmx M3MEHeHU cTon y AeTen ¢ aucnnasueil MarucTpanbHbIX BEH HUXHEN KOHEYHOCTH 3M6pVIOHaJ'IbHOI'O TMna

pa3nunyHon creneHn Taxect CuHgpom Knunnens—TpeHoHe

CreneHb TSHKECTW AUCTINasuen MarucTpanbHbIX BEH HINKHEN
KOHEYHOCTW aMOpHOHanbHoro Tna /
Severity of embryonic type dysplasia of the main veins
XapakTep 13meHeHnin / The nature of the changes of the lower extremity
nerkas / cpegHss/ | Takenas/ | kpawHe Tsxenas /
light average severe extremely severe
CHwxeHme BbICOTbI NPOLOMBHOTO CBOAA CTOMbI / 6(8,2%) | 12(16,4%) 4 (5,4%) *
Lowering the height of the longitudinal arch of the foot
BarnbrycHas yctaHoBka nopaxeHHoi ctonsl / Valgus of the affected foot 0 4 (5,4%) 2(2,7%) 0
YBENuYeHne ANnHbI U OKPYXKHOCTM OAHOTO I HECKOBKWX NnarnbLes / 0 5 (6,2%) 0 0
Increasing the length and circumference of one or more fingers
Maxuoepmopaktunus / Pachydermodactyly 0 1(1,4%) 0 0
YBenuuyeHve nepeHero 0Taena CTonbl ¢ YBENUYEHNEM OKPYXKHOCTEN NanbLeB / 0 3 (4,1%) 7(9,6%) 0
Enlargement of the forefoot with an increase in the circumference of the fingers
YBenuyeHue oTaenbHbIx nyyeir / Magnification of individual beams 0 0 5(6,2%) 0
YBenn4eHne OKpYHOCTY MarbLEB 3a CYET COCYANCTLIX ManbdopmaLui / 0 0 4 (5,4%) 0
Increased finger circumference due to vascular malformations
YBenuyeHue oTAeNbHbIX NyYen B COYETaHUN C KMHOAAKTUINEN / 0 0 2(2,7%) 0
Magnification of individual rays in combination with clinodactyly
PacuwennenHas crona / Split foot 0 0 1(1,4%) 0
YBenuuyeHne Bcex OTAESOB CTOMbl C HE3HAYUTENbHBIM YBENMYEHNEM ANWHbI 0 0 3 (4,1%) 0
11 OKPYXXHOCTW NarnbLes /
Enlargement of all parts of the foot with a slight increase in the length and cir-
cumference of the toes
OKBUHYCHas KOHTpakTypa / Equinus contracture 0 0 2(2,7%) 3 (4,1%)
HepaBHoMepHOe yBenuyeHe BCex OTAENOB CTOMbl C CUHAAKTUNMEN HECKOMbBKIX 0 0 0 1(1,4%)
nanbues /
Uneven enlargement of all parts of the foot with syndactyly of several fingers
«LLlapooBpasaHas» chopma cronbl / The «spherical» shape of the foot 0 0 0 3 (4,1%)

* It was not possible to evaluate the height of the longitudinal arches of the feet in patients with extremely severe vascular pathology due to the excess volume of soft

tissue in the plantar surface area.

* [MposecTtu OLEHKY BbICOTbI NPOAObHbIX CBOAOB CTON Y NALNEHTOB C kpaitHe TshKernoil CTeneHblo COCyﬂMCTOIﬁ naTonoruy He npeacTaBNANoCb BO3MOXHbLIM B CBA3M C

130bITOYHLIM 06BEMOM MSTKIX TKaHe! B 061acTv NOLOLIBEHHON NOBEPXHOCTH.
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OOMOJIHUTENNIbHAA UHOOPMALUA

Bknap aBTOpOB. BCe aBTOpPLI BHECAN CYLLECTBEH-
HbI BKNag B pa3paboTky KOHLEeNUun, NpoBeAeH e 1c-
CnefoBaHNs W MOLTOTOBKY CTaTbM, NPOYM 1 0fobpu-
nn 1HanbHy Bepcuto nepes nybnukaumen.

KoHdhnukT nHTepecoB. ABTOpbI 3asBNsOT 06 OT-
CYTCTBWW KOH(NNKTA MHTEPECOB.

WUcTouHuk dpuHaHcupoBaHus. VccnenosaHne He
MMEsIo CMOHCOPCKOM NOAAEPKKN.

dtnyeckas akcneptu3sa. [lpotokon obcnegosa-
HWA 1 neveHus aeten ogobpeH nokanbHbIM 3TUYECKUM
KOMUTETOM.

WHdopmupoBaHHOe cornacue Ha nyonuka-
umto. MonyyeHo cornacve NaLMeHTOB (MX NpeacTaBu-
Teneit) Ha 06paboTky v Nybnnkaymio nepcoHanbHbIX
AaHHbIX.
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