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Medical Treatment in Germany

Germany takes a leading lepmaHns 3aHMMaeT nANpyloLuyto
position in medicine. no3vuuio B 06n1acT MeAULIMHBI.

German hospitals, clinics and medical | 'epMaHckue 60MbHULbI, KIMHWAKY W [O-
doctors enjoy an excellent reputation. | KTOPa UMEOT NPEKPACHYH penyTaLuto.

The continuously rising number [0CTOSIHHO PACTYLLEe YMCNIO MHOCTPaH-
of patients, who come to Germany HbIX NAUMEHTOB, KOTOPbIE NPUE3XKAKOT B
to receive medical treatment and ['epMaHuio Ha neyeHme, NoATBEPXAaET
support, strongly confirms this fact. 9TOT (paKT.

Patients from the Gulf States gladly MaumeHTbl Co BCEro Mupa ¢ ya40Bo/b-
come to Germany to receive medi- CTBMEM elyT B ['epMaHuio Ha neyeHue,
cal treatment because they regard MOCKOJIbKY paccMaTpusaroT IepManuio
Germany as a safe place and rely on kak 6e30nacHyt CTpaHy 1 J0BEPSOT
German clinics and physicians. HEMELKMM KIIHKKaM v Bpayam. OHu
They feel welcome as guests and YyBCTBYIOT Ce05 XKENaHHbIMU FOCTAMM 1
enjoy that they are encountered in HacnaXxatTcs MECTHLIM FOCTENPUNM-
an open-minded and friendly way. CTBOM.

German Medical Council, partner of I"epmaHckuit MeguumnHekuii CoBeT aBNS-

renowned German hospitals, clinics eTCs NAPTHEPOM WU3BECTHBIX HEMELIKUX
and specialized practices, organizes KIMHWK, MENLIMHCKWX LEHTPOB, CreLy-
the best medical treatment for annCTOB M OPraHM3yeT CaMoe Nyuluee
patients from all over the world and NeyeHre Ans NaLUMeHToB CO BCEro MUpa,
offers them a full service package. npeanaras M Becb CNEKTP YCNyr.
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Editor's Note

Dear Reader,

The new German Medical
Journal website is online!

The time has finally come.

We already announced in the
last issue that a new German
Medical Journal website will
be launched on the occasion of
its 10th anniversary. Now we
made it.

We are pleased to inform

you — our readers, authors and
customers — that the brand-
new website of the German
Medical Journal is now avail-
able under the usual address
www.german-medical-journal.
eu. And it has by far exceeded
our expectations.

The German Medical Journal
has not only been updated

and optimised, but it is brand-
new: clear structure, elegant,
functional design, user-friendly,
modern layout and multilingual
display in English, Russian,
Arabic and German.

The navigation on the website
has become even more user-
friendly and intuitive, enabling
users to quickly find the
information they are looking
for. The concept was superbly
implemented in terms of both
contents and style.

The website was programmed
according to the latest stand-
ards. The German Medical
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Journal website is perfectly
prepared for the future, opti-
mised for all search engines, as
was the case before, indexed
in the virtual world and can

be found and reached by all
interested users anywhere and
at any time.

Of course, the GMJ website
has a responsive design and
works equally well on mobile
devices such as tablets or
smartphones.

Visit our website www.
german-medical-journal.eu and
see for yourself.

We would like to say thank you
for all the congratulations we
received on the 10th anniver-
sary of the German Medical
Journal and look forward to
receiving your feedback on the
new website.

The German Medical Journal
represents German medicine
internationally, giving it a voice.

Enjoy your
German Medical Journal

Nadine Baume
Managing Director

[loporue yutarenu!

Hosbiii Be6caitT Hemewnkoro
Meavuuckoro XKypHana yxe
OHNaiAH.

MpuLLIo Bpems, U Mbl 06bABUIM B
Halllem NnocnefHemM HOMEpPE 0 TOM,
yT0 K 10-TV NETWIO U3aaHus byaeT
3anyLUeH HoBbIn Be6-cainT Hemew-
koro MeauunHckoro XKyprana. U
Mbl 3TO cAenanu.

Mol pafibl COOBLLNTL BaM, HALLUM
yuTaTeNsM, aBTopam 1 napTHepam,
4TO HOBbIN BEG-CalT Hemeukoro
MenmumHekoro XKypHana focTyneH
no 06bI4HOMY afpecy www.german-
medical-journal.eu. 1 oH npeB3o-
LUen BCE HaLM OXWUAAHMS.

Hemeuxkuit MeamumHckmin XypHan
He TONbKO 6blN YCOBEPLUEHCTBO-
BaH 1 ONTUMU3NPOBAH, HO 1 CTan
MPaKTUYECKM HOBbIM: C YETKOM
CTPYKTYPOM, 3neraHTHbIM 1 hyHK-
LIMOHAMbHbIM AU3aRHOM, YAOGHBIM U
COBPEMEHHBIM MaKETOM W MyNbTHSI-
3blYHbIM INCTINIEEM HA AHTTIMIACKOM,
PYCCKOM, apabekoM N HEMELIKOM
A3bIKAX.

Hasurauus Ha Be6-caitTe cTana
eLe 6onee ya06HOM U UHTYUTUBHO
MNOHSTHOW N1t NONb30BATENEN, YTO
NO3BONSET UM ObICTPO HAXOANTb
HY>XHYH0 MHGopMaumto. KoHuenums
caiita 6blna BEAMKONENHO peanuso-
BaHa OTHOCUTENbHO COAEPXKaHNs 1
ctuns. Beb-cant 3anporpammmpo-
BaH B COOTBETCTBUN C COBPEMEH-
HbIMM CTaHAApPTaMW.

http://www.facebook.com/GermanMedicalJournal
https://twitter.com/GermanMedicalJo

OT pepakumm

Beb - cant Hemeukoro Meanumn-
ckoro XXypHana OTIMYHO MOAro-
TOBMEH K By yLLEMY: KaK U paHbLLe,
ONTUMM3MPOBAH [NS BCEX NOMC-
KOBbIX CUCTEM, MPOMHAEKCMPOBaH

B BMPTYanbHOM Mupe, ero Nnerko
HaiTK, N OH JOCTYNEH BCEM 3auH-
TEpPecoBaHHbIM NONb30BATENAM B
no6oM MecTe 1 B Ntoboe Bpemsi.

W, pasymeeTcs, Be6-cant HMXX
obnafaeT afanTuBHbIM AW3aiiHOM

1 XOPOLLIO paboTaeT Ha Takux
MOBWIbHBIX YCTPONACTBAX, KaK MiiaH-
LeTbl UK CMaPTCOHI.

MoceTtuTe Haw Be6-canT www.
german-medical-journal.eu v y6eau-
TECb B 3TOM CaMmM.

Ml xoTenm 661 no6narogapuTs Bac
32 Nno3apaBneHus, KOTOPbIE Mbl
nony4unu K 10-neTHei rofoBLUMHE
Hemeukoro MeguumHckoro XKypHa-
na, v 6yneM padbl NOAYYUTh BaLlmK
0T3bIBbI O HOBOM Beb-canTe.

Hemeuxkuii Meanumtekmin XXypran,
SBNASCb FONOCOM HEMELKOW MeAy-
LiMHbI, AOCTOHO NPEACTaBNsEeT ee
Ha MEXXAyHapOAHOM YPOBHE.

[MonyuuTe yROBONLCTBUE OT
HemMeLKoro mMeanLmHCKoro
XypHanal

Nadine Baume
Managing Director
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Despite Paraplegia

For 15 year-old Alberto Man-
carella from Los Angeles, a
long-held wish was finally ful-
filled on Friday March 31, 2017,
at an official award ceremony
of the German Foundation for
Spinal Cord Injury (DSQ).

For the first time in public,
the young paraplegic pianist
played excerpts from Bach's
[talian Concerto on the grand
piano in the Old Auditorium of
Heidelberg University, using a
special wireless mouth device
that enables control of the
piano’s right foot pedal using
his tongue.

The device was developed by
the team of Dr.-ing. Ridiger
Rupp, head of the Department
for Experimental Neurorehabili-
tation at Heidelberg University
Hospital, and Tobias Gallinat, a
dental technician. They were
recognized previously by the
DSQ in 2008 with an award for
innovation.

Thanks to a generous private
donation, Dr. Rupp and his
team have now improved the
technology so that control

of the pedal engine is more
precise and, most importantly,
faster.
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Despite Paraplegia HecMoTps Ha
Become a Pianist
Musical world premiere: A wireless oral device n Ma H M CTO M

and pedal engine developed at Heidelberg
Spinal Cord Injury Center supported 15 year-
old Alberto on the grand piano.

A tumor damaged his spinal
cord - Alberto struggles to
fulfill his dream to become a
pianist

When she became aware

of Dr. Rupp’s award-winning
development in 2011, Alberto’s
mother turned to the Heidel-
berg engineer for help. But the
oral device was not yet fully
developed, let alone available
for purchase. “At that time, the
work on the wireless device
had been put ‘on ice.’

But Alberto’s story, and his
determination, intrigued and
moved me so much that | ab-
solutely wanted to help him,”
recalls Rupp. With the DSQ
prize money from 2008, as well
as a private donation of 10,000
Euro, he financed the position
of Sebastian Kuppinger, who
worked out the new version

of the device, as well as the
necessary materials.

A pressure-sensitive sensor is
positioned behind the incisors,
allowing force from the tongue
to send control signals to the
engine. Thus, Alberto can give
graded amounts of pressure,
and - in contrast to the first ver-
sion that used biting - he can

HecmoTps Ha napanneruio

napanneruio, cTaTb

My3bikanbHass MMpoBas NpeMbepa:
GecnpoBoAHOE POTOBOE YCTPOIACTBO M ABUra-
Tenb neaanei, paspaboTtaHHble B [enbgenb-
GeprckoM LeHTpe CIMHHOMO3r0BOM TPaBMbl,
no3sonunu 15-netHemy AnbbepTo chirpathb

Ha posine.

B nathuuy 31 mapta 2017 roga

Ha 0huULMansHON LepeMOHUK
HarpaxaeHus Hemeukoro ¢oHaa
CMMHHOMO3roBO# TpasMbl (DSQ)
MCMOMHMAOCH JONTOXAAHHOE
xenanue 15-netHero AnbbepTo
MaHkapennb! 3 Jloc-AHgxeneca.
Brepsble Ha ny6nvke B CTapoil
ayamTopuu [eiifiens6eprekoro yHu-
BEPCUTETA HOHbI Napanu3oBaHHbIn
MUAHKCT CbIrpast Ha Posife OTPbIBKY
3 UtanbsiHckoro KoHuepTa baxa,
“cnonb3ys cneumansHoe bec-
NPOBOAHOE POTOBOE YCTPOMCTBO,
NO3BONSIOLLIEE KOHTPONNPOBAT
NpaByto HOXHYIO NeAanb MHCTPY-
MEHTa NP1 NOMOLLM A3bIKA.

310 yCTPONCTBO BbIN0 paspaboTa-
HO KOMaHZ0W LOKTOpa-MHXeHepa
Progurepa Pynna, 3asenytoLiero
OTZENEHNEM 3KCNIEPUMEHTASIbHOM
HelipopeabunuTaumn B KIMH1Ke
["enaenbbeprekoro yHMBepeuTeTa,
v To6uacom annmHaToM, 3y6HbIM
TexHuKoM. B 2008 oHu yxxe nony-
ynnu Harpagy DSQ 3a aTy uHHOBa-
LIMOHHYIO pa3paboTky.

Bnaropaps 4acTHbIM NOXepTBO-
BaHwsaM, Pynn v ero komaaa yco-
BEPLUEHCTBOBANA 3Ty TEXHONOTUIO,
4T06bI KOHTPOSb HAA NEfabHbIM
MEexaHu3MOM cTan 6onee TO4HbIM
W, YTO BaXHee, bonee BbICTPbIM.

HecMoTps Ha To, 4TO onyxonb
nospeauna CiuHHOM Mo3rAsb-

6epTo, OH Goponcs N30 BCEX cun,
4T06bI BONNOTUTH CBOIO MEUTY
- CTaTb MMaHUCTOM

Korpa maTb Anbbepto B 2011 rogy
y3Hana o HoBeLLel pa3paboTke
Pynna, oHa 06paTunack K MHXeHe-
py 13 eiaensbepra 3a NOMOLLBHO.
Ho poTOBOE YCTPOMCTBO eLLe He
6b10 pa3paboTaHo 1 NPOU3BELEHO
MOMHOCTBHO, NO3TOMY NPUOGPECTH
€ro 66110 HEBO3MOXHO. «B T0
Bpems paboTa Haf 6ecnpoBOAHbIM
YCTPOWUCTBOM 6blfia «3aMOpPO>Ke-
Ha». Ho uctopus Anb6epto v ero
PELUNTENBHOCTbL 3aMHTPUTOBANTU
MEHS! TaK CUNbHO, 4TO 51 06513anCs
MOMOYb EMy>, - BCIOMUHAET Pynn.
C nomoLubto Mpr30B0oro ¢oHaa
DSQ, nonyuenHoro B 2008 rogy, a
TaKXXe YacTHbIX NOXXEPTBOBAHWNA B
pa3mepe 10 000 eBpo, OH Npochu-
HaHcupoBan paboTy CebacTbsiHa
KynnuHrepa, koTopbii pa3paboTan
HOBYI0 BEPCUIO YCTPOMCTBA, a
TaKkxe npesocTasun He06XoAMMble
marepuansl.

YyBCTBUTENbBHBINA K LABMEHWIO AaT-
UMK, PacroNOXXEHHbIA B POTOBOA
nonocTy 3a pesuamu, no3BonseT
TpaHcopMuUpoBaTh AABNEHUe
A3bIKa B CUrHanbI U NOCbINATb WX K
nefanbHOMy MexaHuamy. Takum 06-
pa3oM, Anb6epTo MOXET NPou3Bo-
ANTb rpagynpoBaHHOE KONMYECTBO
[aBNEHNS, 1, B OTANYME OT NEPBOI



Despite Paraplegia

achieve more feeling for the
force he produces. In addition,
the small, approximately 15
kg and highly dynamic engine
has much better performance
than its predecessor, and the
pedal can now be moved just
as quickly as it would be by a
non-disabled pianist.

Other improvements have to
do with the electronics. The
entire system is now smaller,
so that it also fits in the mouth
of a teenager. The button bat-
tery cell provides power for
eight hours and then can be
recharged on a docking station.

Use of the tongue pressure
sensor to control a computer
or electric wheelchair
conceivable

Rudiger Rupp already has plans
for further development of the
oral device. Using the pres-
sure-sensitive foil, the other
pedals of the piano or also
other functions on a keyboard
can be controlled, depending
on the position of the tongue
pressure. “I've received cor-
responding requests for help
from paralyzed musicians,”
said Rupp.

Conceivably, the wireless oral
device could also be used

to operate a computer or an
electric wheelchair - particularly
interesting for people paralyzed
from the neck down.

Further information:
Heidelberg University Hospi-
tal’'s Spinal Cord Injury Center
at the Department of Orthope-
dics https://www.heidelberg-
university-hospital.com/en/
diseases-treatments/neurologi-
cal-diseases/spinal-cord-injury/
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Fig. 1: Alberto Mancarella tests the oral device on the piano pedals in Ortho-
pedics with Sebastian Kuppinger, senior researcher on Dr. Rupp's team

Puc. 1: Anbbepto MaHkapenna TecTupyeT poToBOe YCTPOCTBO Ha Nejansx dopTenua-

Ho CebacTbsiHOM KyI'II'IMHrepOM, CTapwum nccnefosaTeneM KOMaHbl JOKTOpa Pynna, B
OTAeneHnn opToneanu

Fig. 2: Wireless oral device to control the piano pedals
Puc. 2: becnpoBoHOE pOTOBOE YCTPOWCTBO AN yripaBneHns nefansmu hopTenmaHo

I'.-

Fig. 3: Final tests of the new oral device with which Alberto Mancarella can
operate the right piano pedal. Beside him, Dr. Riudiger Rupp and Sebastian
Kuppinger from the Spinal Cord Injury Center, Heidelberg University Hospital

Puc. 3: 3akntounTenbHble UCTbITaHNS HOBOrO POTOBOrO YCTPOWCTBA, C MOMOLLbIO
koToporo Anb6epTo MaHkapesnna MoXeT ynpaBnsaTh NpaBoii Nejanbio nMaHuHo. Psaom
¢ Hum pokTop Propurep Pynn u CebacTbsan Kynnuurep u3 LieHTpa opToneaum 1 CrimHHo-
MO3rOBOW TPaBMbl

HecmoTps Ha napanneruio

BEpPCKM, B KOTOPOI MCMONb30BA-
NoCb KycaHwe, JoCTUraTh 6onbLuei
YyBCTBUTENBHOCTM TOW CUMbI, KOTO-
pyto npuknagbisaeT. Kpome Toro,

- ManeHbKuit, npnbnunantensHo 15

Kr, BbICOKOAMHAMWYHbIA BUraTenb
NMeeT 60MbLLYO MPOU3BOAMTEMb-
HOCTb, YEM €ro NpeaLIeCTBEHHHK,
W Tenepb Nefanb MOXeT nepe-

(i  MeLlaTbCs Tak Xe BbICTPO, KaK 3To

661510 6bl B Cy4ae co 340P0BbIM
MUaHUCTOM.

[pyrve ycoBepLUeHCTBOBaHNS
CBSi3aHbl C ANEKTPOHMKOM. Bes
CMCTEMA MMEET MEHbLLIMIA pasMep
W COOTBETCTBYET POTOBOW NONOCTH
nogpocTka. batapeiHblit 610k
06ecneunBaeT NuTaHue B TeYEHNE
BOCbMY YaCcoB, a 3aTEM €ro MOXHO
NOA3apsHKaTh Ha JOK-CTAHLMM.

Takoit gaTynK gaBneHus a3bl-
Ka MOXXHO UCMONb30BaTh ANs
ynpaBneHUs KOMMbIOTEPOM UMK
3NeKTPUYECKOI MHBANTMAHOM
KONSICKOW

Pyaurep Pynn nnanupyeT fansHen-
Luee pa3BuTME POTOBOIO YCTPOIA-
CTBa: UCNOSb3YS YYBCTBUTENbBHYIO
K BaBNEHNIO OMbry, MOXHO
OCYyLLECTBAATb yNpaBfeHue apy-
UMM Nedansmu opTennaHo unm
APYTUMU (DYHKLMAMM Ha KnaBuarty-
pe, B 3aBUCMMOCTY OT NONOXKEHNS!
W [aBNieHns A3blka.

«51 nony4un npocbObl 0 MOMOLLM OT
APYrUX Napann3oBaHHbIX My3bIKaH-
TOB,» - cka3an Pynn. becnposoa-
HOe POTOBOE YCTPOWCTBO,KOTOPO.
MOXXET TaKXXe UCNOSb30BaTbCS

AN yNpaBneHns KOMMbIOTEPOM
WU SNEKTPUYECKON UHBANMAHON
KONSICKOW, 0COBEHHO MHTEPECHO
ANS NtoAen, Napann3oBaHHbIX HIKEe
Len».

JononnutensHas nHgopmaums:
https://www.heidelberg-university-
hospital.com/en/diseases-
treatments/neurological-diseases/
spinal-cord-injury/
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Stump Correction

Dr. Tymoteusz Budny, MD

Prof. Dr. Jendrik Hardes, MD

Dr. Vincent Hofbauer, MD
Sebastian Pfister, MD

Univ.-Prof. Dr. Georg Gosheger, MD

Key words: Stump correction,
suboptimal stump, stump
problems

Advancements in technology
of orthopaedic treatment con-
tinue to improve and facilitate
successful amputee care. In
some cases, surgical revision
of the residual limb may be
necessary, if the goal of provid-
ing a patient with a prosthesis
cannot be achieved or if the
results fall significantly short
of expectations. The surgi-

cal procedure should relieve
the patient of pain, allow for
improved functionality, lead to
greater prosthetic acceptance
and add to quality of life.

Introduction

Especially after an amputation
patients wish to reconstruct
their body image and physical
function. Due to many tech-
nological innovations the
demands on stump care have
increased. As a result, a func-
tional interface between the
stump and shaft has become
more important than ever in
the area of prosthetic care. If
this interface does not function
correctly, the best and most
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costly fitting parts are of little
use. Surgical procedures may
be taken into consideration in
order to optimise prosthetic
fitting of the stump (1), if the
goal of optimising a stump for
prosthetic fitting cannot be
achieved with conservative
measures or if the results fall
below expectations.

The first step to be made is

to identify the cause of the
suboptimal state. The source
of the problem can lie in the
following structures: Skin,
musculature, nerves, vessels
and bone. It is often the case
that several factors are respon-
sible for the suboptimal state.
For example, a stump may be
suboptimal for prosthetic fitting
due to exostosis at the end of
the stump bone which presses
through the soft tissue as a
result of poor muscular soft
part covering. Good soft tissue
covering could alleviate the
pressure of the exostosis. For
surgical planning, however, this
means that the exostosis must
be removed and the soft tissue
corrected. For simplicity pur-
poses, this article will system-
atically address the possible
surgical revision procedures for

KnioueBble c10Ba: KOppeKLums
KymnbTu, cybonTMManbHas KynbTs,
npo6neMbl ¢ KynbTen

YCoBepLLEHCTBOBaHME OpTONe-
JNYECKUX NeYEBHbIX TEXHONOTUA
obecneumBaeT fanbHeiliee
y/yuLLEHWe MOMOLLM NIOASAM C
amnyTMPOBaHHbBIMI KOHEYHOCTSIMM.
B HekoTopbIx cryyasix, HanpuMmep,
€CIW NALMEHTY HE MOXET BbITb
MPOBESEHO NPOTE3NPOBAHME UM
nomny4eHHble pe3ynbTaTbl 3HaYM-
TenbHO OTCTAOT OT OXXMAAHWNA, MO-
XET 6bITb HEOOXOANMA XMPYpPrive-
cKast PEBU3NS KyNbTW KOHEYHOCTH!.
Xvpyprudeckas npouegypa BomkHa
06nerynTb 60Mb, YTO NO3BONUT
yAyyLWUTb OYHKLUMOHAMBHOCTb
Ky/bTH, YBENNYUTb €€ NPUroJHOCTb
K MPOTE3MPOBAHMIO W NOBbICUTH
KQ4eCcTBO XXM3HMU.

BeepeHue

MaumneHTbl ¢ aMnyTUPOBAHHbBIMM
KOHEYHOCTAMM 0COBEHHO XXenatoT
MNOSHOCTbHHO BOCCTAHOBMTb KOH-
Typbl CBOErO Tena v huanyeckme
(yHKUMK. M3-32 MHOTUX TEXHOSO-
TMYECKNX HOBLLECTB, Tpe6oBaHNs
K COCTOSIHUIO KyTbTW YBENNUMIUCE.
BcnepcTsue aToro, npu npoTesupo-
BaHWM PyHKLMOHANbHAs NOBEPX-
HOCTb MEXJY Ky/bTel 1 r1ib30i
npoTe3a cTana 60nee BaXXHbIM

Koppekuus KynbTu

cakTopom. Ecnm a1 B3anmoaei-
CTBYHOLLWE NOBEPXHOCTM (PyHKLM-
OHUPYIOT HEKOPPEKTHO, AaXxe Hau-
nyyLLMe v camble JOPOrocTosLme
[eTany npoTesa CTaHOBATCS Mano-
NpUrogHbIMu. B aTux cnyyasix ans
YBENUYEHNS NPUTrOAHOCTM KYNbTH
ANs NpoTe3upoBaHus (1)(ecim
TaKoe COCTOSIHNE HEe MOXET BbITb
AOCTUTHYTO C NOMOLLbIO KOHCEpBa-
TUBHbIX MEp WK, ECNW PE3ynbTaThl
OK&XXYTCS HUXKE 0XKNAAHNN) MOXKET
ObITb PACCMOTPEHA XMpYpruyeckas
npoueayp.

[epBbliA Lwar K NOBTOPHON XWpypruu
KynbTW — ONPEAENEHNE MPUYINH

ee CybonTMManbHOro COCTOSHU.
MICTOYHMK Npo6AeMbl MOXET Haxo-
ANTHCS B CREAyHOLLMX CTPYKTypax:
KOXE, MblLILAX, HepBax, cocyaax u
kocTu. HacTo cybonTumanbHoe ans
NpOTE3WPOBaHMs COCTOSIHUE KyNbTH
BbI3BAHO HECKOMbKMMM (hakTopam.
Hanpumep, KynbTs MOXET 6bITb
HEMpUroAHoM Ans NpoTe3unpoBa-
HWS BCNEACTBME 9K30CT03a Ha
KOHLIE KOCTU, KOTOPbIi OKasblBaeT
[aBMEHNE Ha MSATKWE TKaHW U3 - 3a
HEAO0CTATOUYHOrO MbILLIEYHOrO MO-
KPbITHS.

XopoLuee yKpbITUE MSArKUMM TKa-
HAMU MOXET 06NIerynTb faBneHue
3K30CT03a. TEM He MeHee, NnaH
XMPYPrvecKoro BMeLLaTeNnbCTBa
BKIOYAET M yaneHne 3k30CTo3a, 1
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Fig. 1: Image of a patient who underwent traumatic
through knee amputation. Mesh graft was applied

to preserve maximal stump length. Since the skin
transplant is sensitive to prosthetic shear stress, skin
lesions are commonly seen. Therefore prosthetic fitting

is demanding.

individual structures and their
causes. Surgical revision op-
tions and their causes as a re-
sult of vascular problems have
been omitted in this article,
since this falls under vascular
surgery and angiology.

Skin

Problems of the skin of the
stump are frequent. A Dutch

working group showed that
63% of lower-limb amputees
developed skin problems on
the stump at least once in their
life (2). Complications include
ulcers, infections, allergic con-
tact dermatitis, eczema, nodu-
lar swelling along the edge of
the stump among others. Most
problems can be solved con-
servatively, however, and only
a few require surgical revision.

Puc. 1: MauneHT, nepeHecLUnid TpaBMaTUYECKYH0 amnyTaunto
Ha ypoBHe koneHa. [Ins coxpaHeHnsi MakcuMasnbHON AVHBI
KynbTW UCMOMNb30BANCS CEeTYaTbIN TpaHCINaHTaT. Mockonbky
KOXHBI TpaHCMNAHTAT YyBCTBUTESNEH K MPOTE3Y, BO3HUKAKOT
MOBPEXAEHNS KOXI, YTO TPebyeT KOPPEKLM.

KOPPEKLMIO MArKMX TKaHeM.

C Uenblo yNpoLLeHus B CTaTbe
6ynyT pacCMOTPEHbI BO3MOXXHbIE
XUPYPrUYecKne PEBU3MOHHBIE MPO-
Lieflypbl HA OTAENbHbIX CTPYKTYpax
1 NMOKa3aHust K HuM. BapuaHTb!
XMPYPruyeckoro NOBTOPHOMO
BMeLLaTenbCTBa Npu COCYAMCTbIX
npo6nemax B 3T0W CTaTbe Oblnn
OmyLLEHbI, MOCKOJIbKY 3TO OTHO-
CATCS K COCYAMCTOM XMPYprin n
aHrvonoruu.

Koxa

[Mpobnembl ¢ KOXXel KynbTH BO3-
HUKAIOT 04Y€eHb YacTo. onnaHackas
paboyas rpynna npoAeMOHCTPM-
posana, 4to y 63% nauneHTos ¢
amnyTaument HUKHeN KOHEUHOCTH
XOT$ Obl OfIUH Pa3 B XXM13HW BO3-
HUKAIOT KOXHble Npo6reMbl (2).
OCnO>XXHEHWS BKITHOHAKOT S3Bbl, UH-
heKunm, annepruiecknin KOHTaKT-
HbIA epMaTuT, 3K3eMy, y3NoBaTyio
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During the amputation the goal
is to optimise the pressure
zones of sensitive skin. This is
often achieved by padding it
with muscles. Exceptions in-
clude Syme’s amputations and
amputations at the knee where
no muscles are required or dis-
turb. There should not be any
scars in the pressure zones,
which is why especially skin
with sensitivity disorders and/
or which is directly adherent to
bone poses a risk for structural
collapse and the formation of
ulcers. These difficulties oc-
cur for example in mesh graft
transplantations, because the
shear forces in the prosthetic
shaft can lead to tearing of the
transplanted skin. However,
mesh graft transplantations
should be taken into considera-
tion for maintaining maximum
stump length especially in
young patients (Fig.1). Mesh
grafts can be used for bridg-
ing in young patients after
traumatic amputations. In the
transitional phase the intact
skin and the corresponding soft
tissue can be conditioned and
stretched. In a second step the
mesh graft is resected and the
stump can be completely cov-
ered by positioning usable and
flexible skin in the pressure
zone. This can lead to achieve-
ment of a maximum stump
length which is important for
ensuring optimum prosthetic
care for the patient (3). Further,

German rleneol)
Medical »emviyiHcion]
Journal MYOHAR

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

it must also be taken into con-
sideration that mesh grafts can
function well on durable and
well circulated muscle and no
additional revision is required.

Chronic wounds such as ulcer-
ations should be carefully ex-
amined. Ulcers appearing to be
superficial can at times show
deeper fistula tracts. Healing of
these ulcers often only occurs
when the fistula tracts are re-
moved. A fistulography should
show the extent of the fistula
tracts prior to surgery, in order
to be able to carefully plan the
surgical procedure. Involve-
ment of the bone, which must
also be excluded, can already
be determined especially by a
fistulography. As a result, addi-
tional imaging examination pro-
cedures should be performed
prior to excision of the fistula
such as magnetic resonance
imaging or bone scan in order
to exclude osteomyelitis with
certainty. If there is osteomyeli-
tis this must also be adequate-
ly treated, often surgically,
otherwise there is risk of new
fistula tract formation. During
surgery methylene blue can be
used to improve visibility of the
fistula tract or the fistula tracts
and to maintain an overview
during the procedure. The fis-
tula tracts and the affected tis-
sue are stained blue here. This
makes it easier for the surgeon
to achieve complete resection.

MPUNYXNOCTb BAOMb Kpast KybTy
W fpyrue. bonbLUMHCTBO Npo6nem
MOXHO PELUNTb KOHCEPBATUBHO, 1
NULLb HEMHOr e TPeBYIoT XMpypriu-
4eCKOro BMELLIATENbCTBA.

Bo Bpems amnyTauum 0fHoOM 13
Lienen SBNSeTCs yCTPaHEHNe 30H

C NOBBbILLEHHbIM [iaBNIeHNeM Ha
YYBCTBMUTESBHYIO KOXY. ITO YacTo
[OCTUraeTcs nyTem 3anofHeHus
WX MbILLLAMA. VICKIHOUEHNSMM
SBNAOTCA amnyTauunm Syme u
amnyTauum Ha ypoBHe KoNeHa, npu
KOTOPbIX MbILLILbI HE TPEBYoTCA
U oxmM MewwaroT. B obnactv fas-
NEHMS HE JOIKHO ObITh HUKAKMX
py6LOB, NOITOMY KOXa C HapyLUEH-
HOW YyBCTBUTENBHOCTBIO U / UK
HEMOCPEACTBEHHO Npunerarowias K
KOCTU, NPeACTaBNSET PUCK BOZHMK-
HOBEHWS! CTPYKTYPHOIO NOBPEX Ae-
HUs 1 06pa3oBaHMs A3B.

3T Npobnembl NOSBAAOTCS, Ha-
npuMep, Npu UCMONb30BaHNK CET-
YaTbIX TPAHCMIAHTATOB, MOCKOMbKY
CBWrOBOE YCUINE KOCTHOM KyMbTH
B runb3e NpoTe3a MoryT NpUBeCTy
K Pa3pbIBy NEPECAXKEHHOM KOXM.
TeM He MeHee, crnelyeT paccMa-
TpWBaTb MPUMEHEHWE CETHATbIX
TpaHCNNaHTaTOoB AN NOAAEPXKAHNS
MaKCUManbHOW ANWHbI KyNbTH,
0COBEHHO Yy MOMOABIX MALMEHTOB
(Pwc.1).

CeTyatble TpaHCMAAHTATbI TAKXE
MOTYT MCNOJb30BATHCA AN 3aKPbl-
THS [epeKTOB KOXM Y MOSOAbIX
nauueHToB nocne TpaBmartuye-
CKuX amnyTaumid. B nepexogHon
(base HEMOBPEXAEHHAS KOXA K1
COOTBETCTBYKOLIAS Msrkas TKaHb
MOXeT ObITb 0CBO6OXAeHa U

Koppekuus KynbTu

pacTsHyTa. Ha BTopoit cTaguu
CeTHaTbli TPAHCNNAHTAT NoaBep-
raeTcs Pe3eKLNM, U KyNbTS MOXET
6bITb NOMHOCTbH 3aKpPbITa NyTEM
pa3MeLLEeHIs B 30He AABNEHUS Npu-
FOJHOW 1 3NaCTUYHOM KOXU. OTO
MOXeT 06eCneynTb MakcUManbHyHo
ANWHY KyNbTW, YTO BAXKHO ANS
ONTUMANLHOTO NPOTE3NPOBAHNS
nauvexTa (3). Kpome Toro, cnepyet
TaKXXe y4uTbIBATb, 4TO CeTHaThIe
TPaHCMNAHTATbl MOTYT XOPOLLO
(hyHKUMOHMPOBATb Ha MPOYHbIX U
XOPOLLO CCHOPMUPOBAHHBIX MbILL-
Lax, 1 JONONHUTENbHAs PEBU3NS HE
TpebyeTcs.

XpOHUYECKME paHbl, Takue Kak
U3bS3BINEHUS, ClIEfyeT TLATENbHO
0CMOTPETb. $13Bbl, KOTOPbIE Bbl-
FMAAST KaK NOBEPXHOCTHbIE, MOTYT
WHOrfia cofepxxartb bonee rnybokue
CBULLEBbIE X0bl. M3neueHune aTux
138 4aCTO MPOMCXOJMT TONBKO
TOrAa, KOrja CBULLEBbIE X0fbl
yansoTCs.

OucTynorpadms 4o onepauuy no-
Ka3blBaeT MPOTSXKEHHOCTb CBULLE-
BbIX X010B, YTO AAET BO3MOXHOCTb
TILATENLHO NNaHUPOBATL XMPYP-
rMYeCKyHo npoueaypy. MopaxeHus
KOCTH, KOTOpast AOMXKHbI BbITh
WUCKITHOUEHBI, TAKXKE MOXET BbITb
onpeneneHbl ¢ NOMOLLbI0 UCTYNO-
rpacum.

lMepes yaaneHuem cauLla Heobxo-
AMMO BbINOJHUTL JONONHUTENbHBIE
BM3yanu3auMoHHbIe UCCneaoBaHus,
TaKue Kak MarHuUTHO-pe30HaHCHas
TOMOrpachons UM CkaHMpoBaHue
KOCTE#, YTOObI NONHOCTBIO UCKITHO-
4MTb OCTEOMUENUT. Ecnun BbIsBNEH
OCTEOMUENNT, TO OH TaKXXEe JOSKEH
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In addition, it should be taken
into consideration that over
the years, persisting fistula
tracts can lead to malignancy
(fistula carcinoma). If there is
suspected fistula carcinoma
this should be clarified prior to
surgery and where applicable
therapy adjusted in the event
of a positive diagnosis.

Deep scarring can lead to
hygiene problems. They form

a reservoir for filth, bacteria
and fungus, which in part can
be extremely difficult to clean.
Sweat can also lead to macera-
tions of the skin which can lead
to impairment of the protective
function. As a result bacteria
and other agents can accumu-
late in this reservoir in the skin
and cause deep infections. The
excision of this retracted scar
is to be taken into considera-
tion in the event of recurrent
infections, since this poses

a simple option with minor
complications. In most cases
no further greater corrections
such as soft tissue revision or
subsequent resections on the
bone are necessary.

Muscle

Excessive (muscular) soft
tissue can form in an unfavour-
able manner after an amputa-
tion although an adequate

and clean surgical technique
was applied. This excess soft
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tissue is formed as a result of
severe oedema of the tissue
caused by trauma, infection
and/or ischemia during amputa-
tion. In the post-surgical phase
oedema subsides and leads
inevitably to excess soft tissue,
although closure of the stump
was difficult during the surgical
procedure. The excess soft tis-
sue can lead to the patient not
having sufficient stability in his/
her prosthesis. Further, there
is loss of muscular pre-tension.
The pre-tension prevents
atrophy of the musculature.
Atrophy leads to fatty degen-
eration with reduced circulation
and the corresponding prob-
lems, such as e.g. ischemia
pain. The constant slippage of
the insufficiently tense muscu-
lature over the bony stump end
can also lead to pseudobursa
formation. Pseudobursa also
forms if the bony stump end

is not adequately covered with
muscle and the bone presses
directly on the skin.

These conditions can lead

to suboptimal conditions for
prosthetic fitting of the stump.
Surgical correction is then nec-
essary. There are two different
techniques for reconstruction
of the musculature- myoplasty
and myodesis. During the
myoplasty the antagonists of
the muscle stumps or the cor-
responding muscle fascia are
sutured together via the bony

ObITb HALNEeXaLLMM 06Pa3oM u3ne-
YeH, YacTO XMPYPruveCcKUM NyTeM,
B NPOTUBHOM CNy4ae CyLLecTByeT
pUCK 06pa30BaHMs HOBbIX CBULLE-
BbIX X0/10B.

Bo Bpewms onepavum MOXHO uc-
nonb30BaTh METUIEHOBbI CUHWIA
ANS yNyYLWEeHNs BUAUMOCTY CBHLLE-
BOrO X0 MW CBMLUEBBIX XOLOB U
Ans 06ecneyeHns Ux NonHoro 06-
30pa. CBMLLUM 1 MOPaXKEHHbIE TKaHM
OKpaLuMBatoTCs B ronybom LBeT,
4TO MO3BONSET XMPYPry AOCTUYbL
NOsHOM pe3sexumn. Kpome Toro,
CrefyeT yunTbiBaTb, YTO COXpaHs-
tOLLIMECS HA MPOTSIXKEHNM MHOTUX
NET CBULLEBbIE XOAb! MOTYT MPUBO-
IMTb K Pa3BUTUHO 3110KA4ECTBEHHON
ONYXOJN (CBULLEBON KapPLIMHOMI).
Ecnm ecTb N0A03peHme Ha Takyto
ONyX0flb, HEOOXOAMMO YTOUHUTD

€e NpuUCyTCTBME L0 Onepauym u, B
Cryyae NoNOXUTENbHOW AnarHo-
CTMKM, MO BO3MOXXHOCTH, CKOPPEK-
TMPOBATb Tepanuo.

[ny6okoe pybueBaHne MoXeT
NPVUBECTM K NPOBAEMam € rurneHom
BCreacTBUe 06pa3oBaHus Mect
CKOMJIEHMS rpsi3un, 6akTepuit u
rpu6oB, OTAENbHbIE U3 KOTOPbIX
MOryT 6bITb YPE3BbIYAIHO TPYL-
HbIMM Ans ounLeHns. MoT MoxeT
TaKKe BbI3BATb MaLEPaLMIO KOXM,
YTO MOXET MPUBECTY K HAPYLLEHMIO
3aLLUMTHOMN GOyHKLMK.

B pesynbTate 6akTepuu 1 apyrue
areHTbl MOTYT HaKannMBaTthCs B
9TOM pe3sepByape B KOXe W Bbl-
3bIBaTb MOAKOXHBIE MHCDEKLMM.
[py1 peunanBUpYHOLLNX MHCDEKLINSX
MOXXHO BbIMOMHUTbL UCCEUYEHME

Koppekuus KynbTu

9TOr0 BTAHYTOrO pybLa, NOCKONbKY
Takon MeTOA SBNSAETCS NPOCThIM
BapMaHTOM JIEYEHMS C HE3HAYM-
TENbHbIMU OCTIOXHEHUSAMM. B 601b-
LLIMHCTBE Cly4YaeB B AaJIbHENLLEM
Takux 60MbLUMX NOBTOPHbIX BMe-
LIaTeNbCTB, KaK PEBU3NS MArKON
TKaHu C nocnenytoLen pesekumen
KOCTH, He TpebyeTcs.

Mbiwbi

/36bITO4Has Markas (MbllieyHas)
TKaHb MOXET 06pa30BaThCs faxe
nocne amnyTaumm, npu KOTOpoN
NPUMEHANNCE aEKBATHbIE 1
UNCTbIE XUPYPrUYECKNe METOBI.
OTOT M36bITOK TKaHe 06pa3yeTcs
B pesynibTaTe UX CUIbHOM0 0TeKa,
BbI3BaHHOI0 TPABMOM, MH(DEK-
LMeiA 1 / UNn nwemmnen Bo Bpems
amnyTauwu. B nocneonepaumoHHom
(hase 0TeK YyMEHbLLAETCS, YTO He-
N36€>XXHO NPUBOAMT K 06Pa30BaHNI0
N36bITOYHON MSATKON TKaHW, HECMO-
TPS Ha TO, YTO 3aKPbITUE KYNbTH
ObIN0 3aTPYAHUTENbHBIM BO BPEMS
XMPYPru4ecKoi npoLeaypbl.
M36bITOK MArKOW TKAHW MOXET Mpu-
BECTM K TOMY, YTO NauueHT He Oy-
LET UMETb OCTATOYHOM CTabWIb-
HOCTM NPYW NOMb30BaHUM MPOTE30M.
KpoMe Toro, npoucxoaut notepst
MbILLEYHOTO NPeBAPUTESNIBHOMO Ha-
TSKEHMS, KOTOPOE NPeAoTBpaLLaeT
aTpoduto Myckynatypbl. ATpodus
NPUBOJMT K XXMPOBOM fereHepavmm
C YXyALIEeH1eM KpoBooBpaLLeHust

W K COOTBETCTBYHLUMM NpO-
6nemam, TakuM Kak, Hanpumep,
uwemuyeckas 6osb. MocTosHHOe
MpOCKanb3blBaH1e HEAOCTATOUHO
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Fig. 2: Intraoperative image of a not
sufficiently shortened sural nerve
(blue arrow) after transtibial amputa-
tion causing pain. After revision
surgery with shortening of the sural
nerve, the patient was free of pain.

stump end. This technique
was suggested by Dederich
based on his experiences with
transfemoral amputations
during WWII. Here he sutured
the quadriceps musculature
to the hamstring musculature
(4). In myodesis the muscles
are transosseously fixated. In
all techniques good circulation
of the muscles is important so
that the PAOD can be a limiting
factor. However with time the
muscle sutures in both tech-
nigues can loosen for various
reasons, e.g. poor positioning
of the shaft so that there is
again an unstable situation
with shift in centre of balance
of the bone and poor soft
tissue covering. The revisions
should be performed as early
as possible in order to prevent
retraction and atrophy which
would complicate the revision
and jeopardize the outcome of
the surgery.

Burgess and Weiss recom-
mended the transosseous
technique for use in trans-
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femoral amputations (5). In

our department we set two
transosseous drill holes which
are removed each approx. 1

cm from the bony end of the
stump. The drill hole channels
are situated approx. 90 degrees
to each other. The danger in
drilling is that during the clinical
course crown sequesters can
form as a result of thermal ne-
crosis. Thermal necrosis occurs
due to inadequate cooling of
the drill. Sutures are placed in
relatively neutral position of the
femur. The residual femur is
extended and adducted. A pil-
low under the buttocks of the
patient in supine position can
be helpful here. We are using
a strong suture to sew up the
wound. When puncturing the
muscle it must be ensured that
not all of the muscle is includ-
ed, in order to avoid necrosis.
We place four loops in order to
fixate the muscle stumps. The
sutures are tied after all loops
have been placed. Another
myodesis technique is the ad-
ductor magnus technique rec-

HanPsKEHHON MyCKynaTypbl Hag
KOHLIOM KOCTHOM KyfbTH TaKxe
MOXET NpuBECTH K hopMuUpoBa-
HUIO NCEBAOCYMKM. Takxe OHa
06pasyeTcs, €Cnv KOCTHAS KyNbTs
HEAOCTATOUHO YKPbITA MbILLLIAMM,
W KOCTb [ABUT HENOCPEACTBEHHO
Ha KOXy. OTh hakTopbl MOTyT
MPUBECTM K Cy6ONTUMANbHBIM
YCNOBMAM 15 NPOTE3NPOBaHus. B
9TOM Cliyyae HeobXoanUMa Xupypri-
YecKas KOPPEKLMS.

CylwuecTByeT ABa pa3Hbix MeTOAA
BOCCTaHOB/EHMS MYCKynaTypbl

- MuonnacTuka u muoges. Mpu
MWOMNACTMKE aHTArOHNCTbI MblLLIL
KynbTW UK COOTBETCTBYHOLLAS
MblLLeYHas hacums CLUMBAIOTCS
BMECTE 4epe3 KOCTHbIN KOHeL
KynbTW. 3TOT MeToA 6bin Npes-
no>xeH Dederich Ha ocHoBe ero
0nbITa ¢ TpaHcemoparbHbIMK
amnyTauusimMn Bo Bpemsi Bropoi
MMPOBO# BOWHbI. TOrAa OH CLUMBAN
YETbIPEXTNIABYHO MbILLILY C MbILL-
Liamu 3afHen NOBEpXHOCTH 6eapa
(4). Mpu M1oJe3e BbINONHAETCA
4peckocTHas ukcaunst Mol Mpu
BCEX METOAAx BaXKHO COXpaHeHne
XOPOLLEr0 KpoBoOOpaLLeHne B
MblLLLAX, MO3TOMY nepudepuye-

Koppekuus KynbTu

Puc. 2: ViHTpaonepaunoHHoe n3obpa-
XeH1e HeaoCTaToOuHO YKOPOUEHHOr0
CypasbHOro HepBa (CuHAS CTpenka),
BbI3bIBAOLLEr0 60/1b MOCE TPAHCTUON-
anbHoi amnyTauum. flocne pesu3noHHON
onepauuy No YKOPOUEHHIO CypanbHOro
HepBa y nauueHTa oTCyTCTBYeT 60Mb.

cKas apTepuanbHash OKKIH03NOHHAs
6onesHb (IMAOB) MOXET 6bITb
OrpaHn4MBatoLLMM (haKTOPOM.
OnHako co BpeMeHeM, Npu UCMofb-
30BaHWM 060MX METOZIOB, MblLLIEY-
Hble LUBbI MOTYT 0CNabnsATbCs No
pasHbIM NPUYMHAM, HAaNpUMeEp, Npu
M0XOM NO3MLMOHMPOBAHKE TeNa
kocTu. Mo3ToMy CHOBA BO3HWKA-

€T HecTabunbHOCTb BCREACTBUE
chBura LeHTpa 6anaqca Koctu

W e€ MOXOro YKPbITUS MATKAMM
TKaHAMM.

BMelLaTenscTBo JOMKHO NMPOBO-
ANTHCS KaK MOXXHO paHbLue, 4To6bl
NpesoTBPaTUTL PETPAKLNIO U
aTpoUIO MbILLILl, KOTOPbIE YCIOX-
HSIOT PEBU3MOHHYIO NPOLIEAYPY U
YXYLLAKT UCXOA Onepaumu.
Burgess n Weiss pekoMeHaytoT npu
TpaHchemMoparbHbIx amnyTaLmsax
YPECKOCTHbI MeTog (5). B Hawuem
OTLENEHU Mbl BbICBEPIMBAEM [iBa
UPECKOCTHbIX CKBO3HbIX OTBEPCTHS,
KOTOPbIE HAXOAATCS Ha PACCTOSHNM
MPUMEPHO 1 CM OT KOHLIA KOCTHOM
KynbTu. KaHansl pacnonoxeHsl noj
yrnom npumepHo 90 rpaaycos Apyr
K apyry. OnacHoCTb CBepreHus
3aK04aETCs B TOM, YTO BNOCNEA-
CTBWW B Pe3y/bTaTe TEPMUYECKOr0



Fig. 3: X-rays showing a
spiky fibular bone which is
too long compared to the
tibia. The red line shows the
correct height and plane for
osteotomy. Additionally the
tibial osteotomy was not
performed properly.

For a better outcome the
tibial bone should be
ventrally rounded as shown
on the post revision x-rays
on the right side.
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Koppekuus KynbTu

Puc. 3: PenTreHorpamma ¢ Ko-
nioLLeit Mano6epLoBOi KOCTbIO,
KOTOpas CMLLIKOM ASIMHHAS MO
CpaBHeHuto ¢ 60MbLLE6EPLIOBOA
kocTbto. KpacHas nuHms noka-
3bIBAET KOPPEKTHYH BbICOTY ¢
M0CKOCTb OCTEOTOMMN. Takxe
HEKOPPEKTHO OblNa BbINOMHEHa
0CTE0TOMMS B0MbLLEGEPLIOBOA
KocTu. [ins nyyLuero pesynbTa-
Ta ee Heo6XoAMMO BbINo OKpy-
FMNTb CNEPEeAM, Kak noka3aHo
Ha NpaBOCTOPOHHEN PEHTTEHO-
rpamme nocne peBusmi.
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ommended by Gottschalk and
Jaegers (6). Here the adductor
magnus is wrapped around
the end of the femur and the
tendon of the muscles fixated
with drilling holes to the femur.
This myodesis technique was
created for primary transfemo-
ral amputation.

Nerves

After an amputation all sev-
ered nerves form a neuroma.
Numerous techniques and
technologies were developed
and recommended in order

to prevent neuromas. None

of these techniques could
demonstrate that they were
superior to conventional simple
neurotomy, if the surgeon
takes several important fac-
tors into consideration. This
includes sufficient shortening
of the nerves above the bone
and its embedding in a well-
padded region. The embedding
is performed most often in the
musculature in which the nerve
is protected from pressure and
mechanical irritation. If nerves
are situated just under the skin
and/or partially on the end of
the bone, this causes severe
electrifying pain and prosthetic
care becomes in part impossi-
ble. The sural nerve is definite-
ly most commonly affected.
Unfortunately it is “forgotten”
time and again during the
transfemoral amputation. If
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the Burgess technique is then
used, the result is that the
nerve is situated directly on the
anterior tibial osseous stump
end and adheres to the scar
with consecutive triggering of
electrifying pain (Fig.2).

The persisting symptomatic
neuroma is surgically treated
just as with the freshly severed
nerve during the primary ampu-
tation: A proximal neurotomy
and embedding of the nerve

is performed in a well-padded
region. This region should/must
be located outside of the end/
edge of the prosthesis so that
the nerve is not unnecessarily
exposed to higher pressure
and shear forces. During the
revision surgery the surgeon
can decide whether to perform
the procedure through the old
scar or to set a new incision
proximal along the course of
the respective nerve. After an
transtibial amputation a symp-
tomatic neuroma of the per-
oneus nerve (superficial and/or
deeper branch) can be treated
by a small incision of the skin
in the dorsolateral region above
the hollow of the knee. Here
the common peroneus nerve is
located by its guiding structure
of the tendon of the femoral bi-
ceps muscle and a 2-3 cm-long
segment of the nerve removed
there. This type of surgery

has the advantage that the
surgical trauma is less, since

HeKpo3a MoryT 06pa3oBatbCs Be-
HEYHble CEeKBECTPbI. TepMUyecKmii
HEKPO3 BO3HMKAET 13-3a Heafiek-
BATHOrO OXNaX/eHns Cepna.
LLIBbl HaKNaAbIBAKOTCS B OTHOCH-
TENbHO HENTPaNEHOM MONOXKEHUM
6enpa. KynoTs 6efpa pasrubaetcs
v npusoanTcs. MNonesHo pasme-
LLeHWe NOAYLLKW NOA AroAuLamMu
nauveHTa B NOJOXKEHUN Niexa Ha
cnvHe. Mpu ylwmBaHuM paHbl Mbl
MCNONb3YyeM MPOYHYH HUTb. TTpK
NPOKabIBaHWM MbILLILbI HEOOXOAN-
MO CNeanTb, 4T0ObI 3aXBaTbIBANUCH
He BCE MblLLLIbI BO U36€XaHne
Hekpo3a. [ns dukcaumu MbiLuLy
KynbTW Mbl ieNaem YeTbipe NeTu.
LLIBbl 3aBS3bIBAKOTCS NOCNE TOrO,
kak 6b1n CAenaHbl BCce neTnu.
[pyras meToamka MMoe3a, peko-
MeHgoBaHHas Gottschalk u Jaegers
(6) - aT0 MCMOMNBL30BaHME 6ONLLUOV
MPMBOAALLEHA MbILLLbI. [1pK 3TOM
npoueaype 60MbLLION aaayKTop
060pauMBaETCs BOKPYr KOHUA
6elpeHHOM KOCTH, a CyXOXunus
MbILLILbI 3aKPENASIOTCS C NOMOLLBIO
BbICBEPNEHHbIX OTBEPCTHIA B Gefpe.
OTOT MeToa MMOAE3a BbiNn paspa-
60TaH Ansg nepBUYHOMN TpaHcheMo-
panbHON amnyTauum.

Hepsbl

[Mocne amnyTauum Ha BCex pac-
CEYeHHbIX HepBax obpasyeTcs
HeBpoma. bbino paspaboTaHo u
PEKOMEH[0BAHO MHOXECTBO XMPYp-
MYECKUX METOLOB M TEXHUK AN
NPOCHUNAKTUKM 3TOrO OCAOXKHEHNS.
HwW 041H 13 3TUX METOAOB He UMeeT
NPEeVMYLLECTB Nepes NPOCTON
HEPOTOMMENA, ECAIN XUPYPT MPK

Koppekuus KynbTu

€€ BbINOMHEHUN YUMTbIBAET P
BaXXHbIX (paKTopos. 310 AocTa-
TOYHOE YKOPOYEHNE HEPBOB Haf Ko-
CTbHO W WX Pa3MELLEHNE B XOPOLLO
3an0SHEHHOW TKaHAMKU 06NACTH.
Bno>xxeHue HepBa BbINOAHAETCS
yalLe BCEro B TOALLE MbLLL, FAe
HEPB 3aLLMLLEH OT JaBNeHns 1
MEXaHNYECKOro PasapaxeHus.
Ecnu HepBbl pacnonoxerbl nog-
KOXHO M / UM YACTUYHO Ha KOHLE
KOCTU, 3TO BbI3bIBAET CUIbHYHO
ANEKTPM3YIOLLYIO 60Mb, & NPOTE3N-
POBaHWE CTaHOBUTCS NPaKTUHECKM
HEBO3MOXHbIM. Hanbonee yacto
nopaXxaeTcs cypabHbld Heps. K
COXANEHMIO, 0 HEM YacTO 3abbiBa-
10T BO BpeMst TpaHCeMopasnbHoi
amnyTauuv. Ecnv npu aToM mcnonb-
3yeTcs TexHuka Burgess, 10 Heps
pacronaraeTcs HenocpeaCTBEHHO
Ha NepeAHel NOBEPXHOCTM KOHLA
KynbTW 6€APEHHOI KOCTM 1 NpK-
nmnaer K py6Lly, YTo CTAHOBMTCS
MPUYKHON NOCTeAYHOLLEN SNEKTPH-
3ytowen 6onm (Puc. 2).
XpoHnyeckas cumnTomaTnyeckas
HEBPOMA NIEUNTCS XMPYPruyvecku
TaK Xe, Kak 1 CBEXEnoBpeXAeH-
HbliA HEpB BO BPeMs NEPBUYHOM
amnyTauuu: BbINOHAETCS MPOKCH-
MaribHast HeMpOTOMMSA W BCTpausa-
HWE HepBa B XOPOLLO 3arONIHEHHYHO
o6nacTb. 31a 061aCTb AOHKHA
pacnonaratbCs 3a npeaenamn KoH-
La / Kpas runb3bl NpoTesa Ans Toro
4TO6bI HA HEPB HE BO3AENHCTBOBAN
CUIbl AABMNEHNE 1 CMELLIEHMS.

Bo Bpemsi peBu3NOHHON onepaumuu
XMPYPr BOSKEH PELLMTb, BbINOM-
HSTb M MPOLEAYPY Yepes CTapblil
py6eL unu chenatb HOBbIM paspes
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no dissection must be made
through scarred tissue and the
incision can be significantly
smaller. This means fewer
complications with quicker
wound healing and therefore
faster renewed prosthetic
care. The disadvantage of this
surgical procedure is, however,
that muscle groups are den-
ervated which results in them
becoming atrophic and without
function. Further, additional
prosthetic advancement in the
area of neuroprosthetics and
myoelectric prosthetics have
been taken into consideration.

For the sake of completeness
we would like to the men-
tion the TMR (Target Muscle
Re-innervation) which is also
successfully used to treat the
symptoms of neuroma (7).

Bones

Bone edges, exostosis and
heterotopic ossifications

can occur after amputations.
These consequences can be
minimised by careful handling
with the bone and periosteum
during the amputation. During
the osteotomy it should be
observed that a load-bearing
surface as large as possible
must be formed and the edges
carefully rounded. Further

the periosteum should not

be excessively stripped and
periosteum scraps should not
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be left unattended. Additional
errors are to leave the fibula
longer than the tibia and/or to
incorrectly set the osteotomy
plane of the fibula during trans-
femoral amputations (Fig.3).

In the event of a short transti-
bial stump the proximal fibula
should not be left since the
missing interosseal membrane
leads to hypermobility of the
residual fibula. At first it can be
attempted to fix the shaft and
to give the hypermobile fibula
sufficient space. If this does
not lead to an improvement

of the symptoms the residual
fibula is completely resected.

A symptomatic tibiofibular
instability can also exist in

long transfemoral stumps. If
shaft changes do not lead to
freedom of symptoms the
patients can be treated with

a bone bridge between fibula
and tibia. In English-speaking
countries this procedure is
called the "Ertl procedure”,
although the idea originates
from the surgeon August Bier
(1861-1949) and developed by
Ertl and Dederich in WWII, and
by Guedes Pinto in this century
(8). A corticoperiostal flap of
the tibia is used for the bone
bridge according to the Ertl pro-
cedure, whereas Guedes-Pinto
uses a piece of the fibula. In
the Ertl procedure an incision
is made along the periosteum
to the anterior tibia edge and

MPOKCUMANbHO OT PACMONOXEHMS
COOTBETCTBYHOLLEr0 Hepsa. [Nocne
TpaHCTU6ManbHON amnyTaumm
CUMMTOMATUYECKas HeBPOMa Mano-
6epLOBOro HepBa (MOBEPXHOCTHO
W/ nam rny6okon BETBM) MOXET
ObITb U3neyeHa HeboMbLLMM pas-
PE30M KOXW B LOpCONaTepasbHoil
061acTu Hag NOAKONEHHOW AMKOM.
B aToi o6nacTu 06wwmin Manobep-
LiOBbIi HEPB PACMONOXXEH OKOMO
CYXOXMNUS ABYXTNIaBOM MblLLLIbI
6enpa, 1 UMEHHO 34eCh yaanseTcs
2-3-MUNIUMETPOBbI CETMEHT
Hepsa.

MpenMyLLeCTBOM TaKoro Tuna
XMPYPriv SBNSETCS YMEHbLUEHNE
XMPYPruyecKoi TpaBMbl, MOCKOSbKY
MO>HO CAeNaTh MEHbLUMIA paspes.
OT0 03HA4AET MEHbLLUEE YMCIIO
OCMNOXXHEHWiA ¢ 60nee BbICTPLIM 3a-
XXVUBMEHWEM PaH U, CNEAOBATENBHO,
6onee BbICTPOE NPOTE3NPOBAHKE.
HenocTaTkoM 3ToM Xupyprveckomn
npouenypbl SBNAETCS fAeHepBaLms
rPYNNbl MbILLL, Y4TO NPUBOANT K MX
aTpocpuu 1 ancyHkummn. B pans-
HeliLeM Ans 3TUX CAy4asx MoryT
ObITb PACCMOTPEHbI NOCAeAHe
pa3paboTku B 0651acT HeMponpo-
TE3WPOBaHWS U MUOANEKTPUYECKO-
ro NPOTE3MPOBaHKS.

YT06b1 KapTUHA BbiNa MOMHO!,

Mbl XOT€NM 6bl YNOMSIHYTb O
metone TMR (LleneHanpaBneHHo
PEMHHEPBALMM MbILLILY), KOTOPAs
TaKKe yCneLwHo UCroNb3yeTcs Ans
NEYEHNst CUMNTOMOB HENPOMBI (7).

Koctu
Mocne amnyTauuy MOryT BO3HWKATb
BbICTOSIHWE KOHLA KOCTHOM KynbTH,

Koppekuus KynbTu

9K30CTO3bI M FETEPOTONMYECKME
occucpukaumnn. 3T NocneacTsns
MOTYT 6bITb CBEAEHBI K MUHUMYMY
NyTEM OCTOPOXKHOIO 0BpaLLEHMs C
KOCTbH M HAIKOCTHMLIEN BO BPEMS
amnyTauum.

Bo Bpems ocTeoToMun cnegyet
YUMTbIBATb, YTO HEOOXOANMO Cchop-
MMPOBAaTb MaKCUMarbHO HECYLLYHO
NOBEPXHOCTb, @ Kpas onuna Twa-
TENbHO 3aKpyrnuTb. Kpome Toro,
He CNefyeT Ype3mMepHo yaansTh
HaKOCTHWLY, 1 0CTaBNATL 6e3
BHUMaHWS €€ NOBPEXAEHMS.
[pyrve ownbku BKIOYaOT
OCTaBMeHMe ManobepLoBoi KOCTH
ANVHHEE 60NbLIe6EPLOBON 1 / N
HenpaBWibHOe onpeaesnieHue nio-
CKOCTW OCTEOTOMMWM Mano6epLOBOiA
KOCTYW BO BpeMSs TpaHceMoparb-
HbIx amnyTauui (Puc. 3).

B cnyyae kopoTkoin TpaHCTUOM-
anbHOM KynbTW NpoKCUMarnsHas
Marno6epLoBas KOCTb He JOMKHa
0CTaBaTbCs A/IMHHOM, TaK Kak oT-
CYTCTBME MEXKOCTHOM MeMBpaHb!
NPUBOANT K rMNepMOBUIIbHOCTY
OCTaBLLErocs y4acTka KocTu.
CHauana MOXXHO NonbITaThCs
(hMKCUPOBATb KOCTHbIN LUTUET
[aTb JOCTATO4HOE NPOCTPAHCTBO
AN r1UnepMoBnibHON ManobepLo-
BO¥ kocTu. Ecnu 910 He npuBoUT
K YMEHbLUEHMIO CUMMTOMOB, TO
OCTaBLUasCcs YacTb ManobepLoBoil
KOCTM MNOJIHOCTBIO YAANSAETCS.
CumnTomartnyeckast Tubrnodmoy-
NsipHast HeCTabUNBLHOCTb MOXET
TakXXe BO3HUKATb B LJIMHHbIX
TpaHchemopanbHbIX KynbTax. Ecnm
U3MeHeHns auacusa KocTv He npu-
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to the posterior medial edge.
A chisel is used to remove the
cortical bone chips and the
flap is formed. The bone chips
must remain connected with
the periosteum. In the same
manner a lateral flap 5-7cm in
length is formed. Afterwards
the tibia is osteotomised at the
flap edge while protecting the
lobe. The edges are rounded.
The fibula is dissected at the
same height at a slight angle.
The corticoperiostal flaps are
joined together to form a tube
and fixated at the fibula. The
cortical splinters are lying on
the inside. The Guedes-Pinto
procedure anchors a piece of
fibula in a pre-surgically formed
notch into the tibia and fibula.
It is important here that the
musculature at the fibula seg-
ment remains intact to ensure
circulation. The fibula segment
can be fixated using screws,
wires or absorbable transosse-
ous sutures. In English-speak-
ing countries a combination

of both procedures is often
applied.

Bone edges and exostosis of
residual limbs which are not
prosthetically optimal, can sim-
ply be resected and smoothed
(Fig.4). Heterotopic ossifica-
tions pose a greater problem.
They occur in around 23% of
civilians after amputations irre-
spective of aetiology (9) and in
ca. 63% of war-related amputa-
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tions (10). Explosion injuries
and the amputations directly

in the area of the injury rep-
resented a risk factor for the
occurrence of heterotopic ossi-
fications in war-related amputa-
tions (10). Further, heterotopic
ossifications are often associ-
ated with spinal cord and brain
injuries. The revision surgeries
are not only extensive; they are
also associated with a high rate
of complications. Examples of
complications include bleeding
and wound healing disorders.
Fortunately most complica-
tions can be managed and

the patients achieve for the
most part freedom of pain and
residual limbs that are pros-
thetically optimal. Patients who
do not achieve residual limbs
that are prosthetically optimal
despite revision surgery, due
to reossification, for example,
can also have osseointegration
performed (7).

Protruding bony stump ends
can make prosthetic care more
difficult in children. In the worst
case there could be perforation
of the skin. The cause for this
appears to be on the one hand
in the proximal maintained
growth plate and on the other
hand in the mechanical impact
of the musculature on the bone
form (11). There are diverse
surgical techniques to prevent
new formation of spurs on

the bony stump. In part, these

BOAST K MCYE3HOBEHUIO CMMTO-
MOB, NaLMeHTaM MOXHO MOMOYb
nocpeacTBOM KOCTHOTO MOCTMKA
Mexay ManobepLoBoii 1 60MbLLE-
6epLoBOM KOCTAMM.

B aHrnosi3bIuHbIX cTpaHax ata
npouenypa HasblBaeTcs «Ertl - npo-
Liedypoi», XOTs Mest UCXOANT OT
xupypra August Bier (1861-1949),

a paspabatbiBanv meTog Ertl n
Dederich Bo Bpems BTopoit Mupo-
BOW BOMHbI 1 Guedes Pinto B aTOM
cronetuw (8).

Mpw nposeaeHum Ertl - npoueaypsl
AN (POPMUPOBAHNS KOCTHOTO MO-
CTMKA UCMOMb3YeTCs KOPTUKONEPH-
ocTarbHbI NOCKYT 60bLLEGEPLO-
BOW KOCTH, Toraa kak Guedes-Pinto
UCMonb3yeT (hparmMeHT Manobep-
LoBoii kocTu. B Ertl - npoueaype
pa3pe3 BbINOMHAETCS BAOMb HAA-
KOCTHWLbI K nepesHeMy Kpato 6051b-
Le6epLOBOiA KOCTU W K 3aHEMY
MeauanbHoMy kpato. KopTukanbHas
KOCTHas CTpy>Ka yaansetcs
A0NOTOM W (hOPMMPYETCS NOCKYT.
KocTtHas CTpy>Ka JomnxHa ocra-
BATbCS CBA3AHHON C HAAKOCTHULIEH.
Takum xe 06pa3oM chopmupyeTes
natepanbHblid IOCKYT ANUHOK 5-7
cM. Bnocneacteun 6onbluebep-
LIOBY}0 KOCTb OCTEOTOMUPYIOT MO
Kpato NOCkyTa, 3aLmLLast KOpKOBbI
cnoi. Kpas 3akpyrnstot. Mano-
6epLOBYH KOCTb pPacceKkaroT Ha Tou
XK€ BbICOTE MO HEOOMbBLUMM YT TIOM.
KopTukonepmocTanbHble N0CKyTh
COEAMHSIOT BMECTE, 06pasys Tpyby,
1 3aKPENNSI0T Ha ManobepLOoBoOi
KoCTU. KopTukanbHble OCKOMKM
nexxar BHyTpU.

Koppekuus KynbTu

IMpw npouenype Guedes-Pinto
KyCOu4eK ManobepLioBoit KOCTH
3aKpennsieTcs B BblEMKAX, NMPea-
BapUTENbHO CPOPMUPOBAHHBIX
XMPYPru4ecKuM MyTem B BObLLE-
6epLoBoit 1 ManobepLoBOi KOCTSIX.
BaxkHo, 4TO6bI MbiLLLbI HA Mano-
6epLOoBOM CermMeHTe 0CTaBanmch
HEMOBPEXAEHHbIMM AN COXpaHe-
Hus kpoBooGpalLeHus. CermeHT
Mano6epLoBOA KOCTU PUKCHPYIOT C
MOMOLLbHO BUHTOB, MPOBOMIOKM WU
paccachIBarOLLMXCS YPECKOCTHbIX
LWBOB. B aHrnossblyHbIx cTpaHax
4acTo NPUMEHSIETCS CoYeTaHNe
06€e1x METOA0B.

BbiCTOSHME KOHLA KOCTY 1 3K30-
CTO3bl B KyNbTSIX, KOTOPbIE He Npu-
FOAHbI Ans NPOTE3MPOBaHMS, MOryT
ObITb NPOCTO CPE3aHbI M CrNaXeHbI
(Puc. 4). T'opasgo 6onbluyto npo-
6nemy NpeacTaBNSioT reTepoTon-
Hble occudmKaLmm.

OHu BCTpeUaroTCs NPUMEPHO Y 23%
rpaXxfaHcKuX nuL nocne amnyTa-
LMK, HE3aBMCMMO OT aTnonormm (9),
1 nocne 63% amnyTaumin, CBS3aH-
HbIX C BOEHHbIMM TpasMamu (10).
[MoBpeXxeHns Npu B3pbIBE W amny-
Tauuu HenocpeLCTBEHHO B 065acTu
TpaBMbl SBNSOTCS hakTopamu
pucKa BOSHUKHOBEHWS reTepoTOonm-
4ecKux occudpukaumin npu amnyTa-
umsx Ha BoiiHe (10). Kpome Toro,
reTepoTONHbIE 0CCMAMKALMM HaCTO
accouMMpoBaHbl C NOBPEXAEHNS-
MM CTIMHHOTO M FOSIOBHOTO MO3ra.
PeB131OHHbIE Onepauuy no aTomy
MOBOZY HE TOMbKO 06LEMHbI, HO U
CBSA3aHbI C BbICOKWM NOKa3aTenem
OCIOXXHEHWiA. [puMepbl 0CIoX-
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have not been scientifically
examined, however. For this
reason we currently do not
wish to make any recommen-
dation with regard to surgical
therapy.

Conclusion

In order to avoid unnecessary
revision surgery, first and fore-
most the primary amputation
should be carefully conducted.
If complications should oc-

cur they can most often be
successfully treated with
modifications of the prosthetic
shaft and/or other conservative
forms of therapy and do not
require surgical revision. How-
ever, patients with persisting
pain should consider revision
surgery in order to gain free-
dom of pain, improved func-
tionality, prosthetic acceptance
and last but not least improved
quality of life. These surgeries
should be carefully planned
and performed in specialised
facilities.
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HEHMIA BKIKOHYAKOT KPOBOTEYEHME

W HapyLLUEeHWS 3axuBneHns paH. K
CYaCTbHO, 60NBLUNHCTBO OCNOXHE-
HUIA MOXHO KOHTPONIMPOBATb, Na-
LMEHTbI 6OMbLLYHO YacTb BPEMEHM
He MCMbITLIBAIOT 60J1b, @ COCTOSHUE
KynbTen SBNSETCS ONTUMANbHBIM
AN MPOTEe3MPOBaHus.

Y naumeHTOB, y KOTOPbLIX, HECMO-
TPS! HA PEBM3UOHHYH) XMPYPIHIO,
KyNbTY OCTAKOTCS HEMPUrOAHBIMM
ANsi NPOTE3WPOBaHHS!, HanpuUmep,
BCNEACTBME peoccndmkaLmm, Tak-
XK€ MOXET BbINOSHATLCS OCTEOUH-
Terpaums (7).

BbicTynatoLLme KOCTHbIE KOHLbI

B KyNbTe MOTYT 3aTPyAHUTb
npoTe3upoBaHue y netelt. B
XYALUEeM Cyyae MOXET BbITb
nepcopaums Koxu. MpuinHoi
9TOr0, N0-BUAMMOMY, SBNSETCS, C
O[HOW CTOPOHbI, COXPaHSOLLAsCS
NpOoKCMManbHas NnacTuHKa pocTa,
a C pyroi CTOPOHbI - MexaHuue-
CKOe BO3[ENCTBME MyCKyNaTypbl Ha
opmupoBaHme Kocten (11).
CyLLeCTBYIOT pasnnyHble Xvpypru-
Yeckue METOAbI ANs NPOUNAKTUKN
LUMOPbI HA KOCTHOM KynbTe. OfHako
He BCE OHM Bblnu 1CCnesoBaHb!.

Clinic for General Orthopedics and
Tumor Orthopedics

University Hospital Muenster
Albert-Schweitzer-Campus 1,
Building A1

48149 Muenster, Germany

Phone: ++49 - (0) 251 - 83 56764
Fax:  ++49-(0) 251 - 83 52338
budny@med.uni-muenster.de

Koppekuus KynbTu

[To 3T0M NPUYMHE MbI B HACTOSLLEE
BPEMS HE XOTUM [1aBaThb Kakue-
160 pexOMEeHALMN OTHOCUTENBHO
XMPYPr4ECKOro NeveHns.

3aknioueHue

YT06bI M36€XKaTh PEBU3MOHHOM
onepaunu, Npexae BCero, cnesyet
TILATENBHO BbINOSHATH NEPBUYHYHO
amnyTaumto. Ecnu BosHukatoT
OCOXXHEHWS, YalLle BCEro OHM
YCMELUHO M3MEYMBAKOTCS C MO-
MOLLbIO MOAMMKaLmiA NpoTesa
W/ vnu apyrux MeToLoB KOHCep-
BAaTWBHOW TEpPanun U He TPebyOT
XMPYPru4ecKoro BMELIaTeNbCTBa.
TeMm He MeHee, y NALMEHTOB C CO-
XpaHstoLencs 60/t HE0OX0ANMO
PaccMOTPETb OANH M3 BapUaHTOB
PEBU3NOHHOW XUPYPIiK C LieMbLo
KynupoBaHus 6011eBOro CMHAPOMA,
YAyYLIEHNS (DYHKLUMOHANbHbIX
BO3MO>XXHOCTEM, YBENNYEHUS
MPUrOAHOCTM K NPOTE3NPOBAHNIO
W B, KOHEYHOM UTOTE, YNyULLEHWE
KauyecTBa XU3HW. TV onepauum
cnefyeT TWaTenbHO NNaHupoBaTh
W BbINONHSATH B CNELNan13npoBax-
HbIX YYPEXAEHMSX.
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Introduction

Mammary carcinoma is the
most common malignant
tumour in women, accounting
for more than 1.5 million new
diagnoses per year worldwide.
The lifetime risk is estimated
at 12.9%, i.e. about one in
eight women is diagnosed with
breast cancer in the course of
their lives [1].

The treatment of primary
mammary carcinoma has be-
come an interdisciplinary task
comprising surgery, radiation
therapy and/or chemotherapy,
targeted antibody therapy and
plastic surgery. Treatment at a
certified breast center guaran-
tees best possible interdiscipli-
nary therapy according to the
latest guidelines.

In addition to oncological safety
and cure, aesthetics and the
restoration of the female body
image are important aspects

in the treatment of affected
patients. Barely 100 years

ago, a breast cancer diagnosis
entailed the removal of the
female breast as part of a mu-
tilating surgery, because breast
cancer was assumed to be a
local disease. Over the past
decades, however, not only the
understanding of the disease
and tumour biology but also
the surgical treatment of mam-
mary carcinoma has improved
significantly, making it possible
to conserve the breast in many
cases (in more than 75% of all
cases of mammary carcinoma).
But even if the entire breast or
the entire breast tissue needs
to be removed, experienced
centres now offer patients
various reconstruction options
tailored to their specific needs
[2].

Breast cancer is a systemic dis-
ease that may primarily or sec-
ondarily affect the bones, liver,
lungs and other organs. The
use of systemic drugs (chemo-
therapy, antibody therapy or an-
tihormone therapy) at specific
target locations significantly
increases not only the chances
of survival but also the chances
of recovery [3]. Drug therapy, in

Pak Monou4Hoii xene3sbl

CoBpeMeHHas MynbTH-

AncuvnJiMHapHasa Tepanus

nepBUYHON KapLiUHOMbI MO-

NIOYHOM Xenesbl ynydluaeT

WaHCbl Ha BbI3j0OpoBJieHUe

KntouyeBble cnoBa: Pak MO0YHO
XKENes3bl, pagnoTepanus paxka
MOJIOYHOM XKeneabl, XMuoTepanus
paka MOMOYHOW Xenesbl, nna-
CTU4ecKast Xupypruss, yaaneHue
CTOPOXXEBOr0 MMMaTUYECKOro
y3na, XMpyprust MOMOYHOMN XXenesbl,
PEKOHCTPYKLMS rpyam, CUCTEMHAS
Tepanus

BeepeHue

KapumHoma MOMoYHON XKenesbl
SBNgeTCs Hanbonee pacnpo-
CTPaHEeHHOM 3110Ka4eCTBEHHOM
ONYXOJbHO Y XKEHLLWH, Ha KOTOPYIO
npuxoamTcs 6onee 1,5 MunnoHos
HOBbIX AMAarHo30B B rof BO BCEM
Mupe. PUCK BO3HUKHOBEHMS 3TOMO
HOBOOGPa30BaHNs OLEHUBAETCS B
12,9%, TO eCTb NPUMEPHO Y OAHOM
113 BOCbMM XKEHLUWH B TEYEHUE WX
XU3HWN MOXET BbITb ANArHOCTMPO-
BaH pak MOOYHOM Xenesbl (1).
JleueHne nepBMYHON KapPLMHOMBI
MOJIOYHOM XKenesbl CTano Mexamc-
LMNIMHAPHOW 3afayei, KoTopas
BKIIKOYAET XWPYPruio, paamo-
Tepanuio 1 / Unn XumuoTepanuo,
TapreTHYo TEPanuI0 aHTUTENamm 1
NAACTMYECKYIO XMPYpruto. JleueHue
B CEPTM(ULMPOBAHHOM LIEHTPE
MOJIOYHOM XKenesbl rapaHTupyeT
HaUNYHLLYIO MEXAMCLMNIIMHAPHYHO
Tepanuio B COOTBETCTBUM C M0-
CNeSHIMM PEKOMEHALMAMN.

B [onoHEHWe K OHKONOrMYeCKom

6e30MacHOCTM U NNEYEHMI0, 3CTE-
TWKA U BOCCTAHOBJIEHME XXEHCKOro
Tena v UMKUIKa SBRSOTCS BaX-
HbIMW acnekTamm Tepaniu. Ewe
100 neT Ha3ap Takoi AMarHo3, kak
KapLMHOMbI MONOYHOM XENesb!,
NPMBOAMA K YANEHWHO KEHCKOM
rpyau B pesynbTaTte kanevallen
XMPYPruu, NOTOMY YTO 3TOT paK
CUMTANCs MECTHBLIM 3a60NEBAHMEM.
OpnHako 3a nocnefHue fecsaTu-
NETUS 3HAYUTENBHO YNYULLMIOCh
He TONbKO NOHUMaHWe naTouam-
0N10rWKM 1 6MONOrUK OMYXOMH, HO

W XUPYPrUYecKoe NieYeHne aToi
KapLMHOMBI, 4TO NO3BOMIIO BO
MHOTMX CRy4asix COXPaHATb rpydb
(6onee yem B 75% cny4aes paka
MOMOYHOM Xenesbl). Ho aaxe ecnu
HEeo6X0AMMO YAaNNTb BCHO rPYab
WK BCHO PYAHYIO TKaHb, Crieum-
ann3upoBaHHbIE LEHTPbI TEnepb
NpeanararoT nauneHTam pasnuy-
Hble BApUaHTbl PEKOHCTRYKLMM,
aflanTMpOBaHHbIE K MX KOHKPETHbIM
NoTPeBHOCTSM (2).

PaK MONOYHOM >Kenesbl - CMCTEM-
HOe 3a6051eBaHNe, KOTOPOE MOXET
MEPBUYHO UM BTOPUYHO MOpaxaTh
KOCTW, NEYEHb, NErKMe n apyrue
opraHbl. LieneHanpasneHxHoe uc-
NoNb30BaH1e CUCTEMHbIX NIEKAPCTB
(xummnoTEpanus, Tepanus aHTu-
Tenamu Uam aHTUropMoHarbHas
Tepanusi) yBeNM4YMBaeT He TONBKO
LIAHCHI HA BbIXXMBAHWE, HO W LLIAHCHI
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Fig. 1: Preoperative wire
marking of a mammary
carcinoma

particular, is subject to constant
change and is being investi-
gated in numerous research
projects at our centre.

The therapeutic approaches
summarised in this article are
the result of international stud-
ies. They are developed in line
with the St. Gallen International
Breast Cancer Conference and
the guidelines of the Breast
Committee of the AGO (Gy-
naecological Oncology Working
Group) [4].

Histology and Stage
Classification

Most mammary carcinomas
develop in the upper outer
quadrant of the breast, with
the most common form being
invasive carcinoma (no spe-
cial type, NST), followed by
invasive-lobular, medullary,
tubular, mucinous and papil-
lary carcinomas [5]. A punch
biopsy specimen can already
provide insights into the
specific tumour biology. The
hormone receptor status (HR),
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the grading (G1-G3), the HER2
status (an epidermal growth
factor), the Ki 67 (surface
protein of cell membranes)
and uPA/PAI-1 (proteases)

are examined. In addition,
advanced gene expression
assays allow a better assess-
ment of the aggressiveness

of HR-positive, HER2-negative
tumours. All these factors help
determine the best possible
therapy for the patient, since
certain mammary carcinomas
should initially be treated

by means of chemotherapy
(e.g. triple-negative or HER2-
positive mammary carcinoma).
The TNM system (T=tumour,
N=node, M=metastasis) is
used for stage classification.
This formula and the descrip-
tion of tumour biology make it
possible to compare and evalu-
ate the findings on a national
scale, since these parameters
describe extent of the disease.
This comparability also helps
the breast centre continue a
treatment started at an exter-
nal facility or abroad.

Ha Bbl3goposnenue (3). Meanka-
MEHTO3Has Tepanust 0COBEHHO Moj-
BEP>KEHA NOCTOSHHLIM U3MEHEHMSM
W U3y4aeTCst B MHOMOUMCNIEHHbIX
nccneaoBaTeNbCkMX NpoeKTax B
HalLeM LieHTpe.

TepanesTuueckue noaxobl, Onu-
CaHHbl€ B 3TOW CTaTbe, ABNSOTCS
PE3yNbTaTOM MEXAYHAPOAHbIX
ncenegosaHuii. OHu pa3paboTaHsl
B COOTBETCTBUW C MaTepuanamm
Me>ayHapoaHoI KoHepeHLmun no
paKy MOJIOYHOM xxenesbl B CaHKT-
anneHe n pekomeHpaumsmm Mawm-
MOMIOr4eCcKoro kommuTeTa Pabouen
rpynMbl N0 FTMHEKONOrMYECKON
oHkonorum (AGO)(4).

M'ucTonorus n onpeaeneHue
cTapuu

BONbLIMHCTBO KapLMHOM MONQYHOM
Xene3bl Pa3BUBAOTCS B BEPXHEM
BHELLUHeM KBaapaHTe rpyau, npu-
4eM Hanbonee pacrnpoCTPaHEHHOM
(hOpMON SIBNSIETCS MHBA3MBHAS
kapuuHoMa 6e3 NprU3HakoB crew-
ncpuurocty, (NST), 3a kOTOpOiA
CneayroT UHBA3MBHbIE [0MbKOBbIE
KapLMHOMbI -MefynnsipHble, Tpyo6-
4aTble, MyLMHO3HbIE W Nanuansp-
Hble (5).

Pak Monou4Hoii xenesbl

Puc. 1: MNpeponepaumorHas
MapKV1pOBKa KapLMHOMBbI
MOJIOYHOM Xenesbl

O6paseL; onyxonu, NoNyYEHHbIi
NPV MyHKUMOHHON 6MONCUM, MOXET
[aTb NpeAcTaBnieHne 0 61onorumn
onyxonu. OnpegenseTcs cratyc
peLenTopoB ropMoHoB (HR) 1
anuaepManbHoro haktopa pocTa
(HER2), cTeneHb 3n0Ka4eCcTBEHHO-
ctn (G1-G3), Ki-67 (noBEPXHOCTHIi
6enoK KneTouHbIX MembpaH) u UPA
/ PAI-1 (npoTeasa). Kpome Toro,
aHanu3 aKcnpeccuu reHoB no3eo-
NSeT NyyLle OLEHUTb arpeccus-
HoCTb HR-no3utuBHbIX N HER2-
HEraTMBHbIX ONYyXONe.

Bce a1 hakTOpk! NOMOratoT onpe-
[EeUTb HAUNYULLYH0 BO3MOXXHYHO
Tepanuio ANs naumeHTa, oCKOsbKy
HEKOTOpble KapLMHOMbI MOJIOYHOM
Xenesbl BHa4ane Heo6xoanMo
NEYUTb C NOMOLLBIO XMMUOTEPANNK
(Hanpumep, TPMXXAbl HEraTUBHbIM
nnnm HER2-no3unTusHbIN pak).

[ins onpenenexus ctaauu UCMob-
3yetcs cuctema TNM (T = onyxonb,
N = y3en, M = meTacTas). 9ta knac-
cucbmkaums v onmcaHne 6ronorum
Onyxomnu NO3BONSIOT CPaBHUBATb W
OLEHMBaTb AaHHbIE B HALUMOHASb-
HOM MacLuTabe, NocKOSbKy 3T
napameTpbl ONUCLIBAIOT Pacrpo-
CTPaHeHHOCTb 3aboneBanus. Takas
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Fig. 2: Patient after
bilateral mastectomy
and bilateral breast
reconstruction using
double DIEP flap.
Advanced 3D tech-
niques allow detailed
visualisation and
planning of the shape,
volume and symmetry
of the reconstructed
breast.

Surgical Therapy

Today's constantly improving
imaging and screening tech-
nigues such as mammaography
and sonography allow for
detecting carcinomas of just

a few millimetres in size at an
early stage.

This improves not only the
patient’s prognosis but also the
operability, as the breast can
be conserved during the proce-
dure. In cases where the lesion
suspected to be malignant is
not palpable, it can be marked
with a wire before the surgery
under local anaesthesia (Fig. 1).

In breast-conserving therapy
(BCT), the tumour is complete-
ly removed locally. Depending
on the size of the breast and
the tumour location, the defect
may need to be covered using
intramammary tissue advance-
ment techniques (intramamma-
ry transposition/rotation flaps
or tumour-adapted reduction
mammoplasty) to avoid sag-
ging of the skin or differences
in breast volume.
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Mastectomy (modified radical
mastectomy, MRM) involves
removal of the entire breast tis-
sue. Reasons for selecting this
type of procedure include mul-
ticentric growth, unfavourable
breast-tumour ratio, inflamma-
tory mammary carcinoma or
the patient’s wishes.

Another surgical option is skin-
sparing mastectomy, in which
the entire breast tissue is
removed while preserving the
skin. The skin is then refilled
with either silicone implants or
autologous tissue (e.g. latis-
simus dorsi flaps, TRAM, DIEP,
TMG or SGAP flaps), making it
possible to restore the aes-
thetic appearance of the breast
and thus the female body
shape. This is also of great
significance for coping with the
disease and should be available
to all patients.

All above-mentioned surgi-
cal procedures may involve
removal of the sentinel node in
the axilla, which is marked with
technetium before the surgery.

COMOCTaBMMOCTb TaKXXe NomoraeT
MaMMOJOr14ecKOMy LIEHTPY
MPOJOIKMTb NIEYEHME, HauaToe
Ha B APYroM YupekAeHun unm 3a
PYGEXOM.

Xupypruyeckoe neveHue
YCoBEpLLEHCTBOBAHWE METOL0B
BM3yanu3auum u CKPUHUHIA, Takux
Kak Mammorpacus 1 coHorpadwms,
MO3BONSIET BbISIBUTL KAPLMUHOMbI Ha
paHHel cTaguu, pa3MepoM BCEMO

B HECKOMbKO MUAMMMETPOB. JT0
yMnyyLIaeT He TONbKO NPOrHO3 3a-
6oneBaHus, HO 1 onepabesibHOCTb
ONyXonu, MO3TOMY BO BPEMS XMPYp-
rMYECKON NpoLieaypbl rpyab MOXET
ObITb cOXpaHeHa. B cnyyasx, korga
06pa3osaxue, NpeanonoX1TeNbHO
3710KAYECTBEHHOE, HE Nanbnupy-
€TCS, MOXKHO Nepef, onepauueit
BbINOJHUTbL Er0 MapKWUPOBKY NPO-
BOJIOKOM NOJ MECTHOW aHecTe3nel
(Puc.1).

[Tpn Tepanuu ¢ coxpaHeHnem rpyam
(TCT') BbINONHSETCA Pe3eKums
TKaH B npejenax onyxonu. B 3asu-
CMMOCTY OT pa3mepa rpyam u MecTa
pacnonoXxeHns HOBOOGPa30BaHus,
WHOrAa He0bX0AMMO 3aKpbITh Ae-
(DEKT B IPyAN C NOMOLLBIO METOAMK
C MCMOMb30BaHNEM BHYTPUMAM-

Pak Monou4Hoii xenesbl

Puc. 2: MaumeHTka
nocne ABYCTOPOHHEN
MacT3KTOMWUW U ABYCTO-
POHHEN PEKOHCTPYKLMK
FPYAM C MCNOMb30BaHNEM
AsoiiHoro DIEP-nockyTa.
YCOoBepLUEHCTBOBAH-
Hble 3D-TexHonormm
MO3BONSOT AETaNbHO
nnaH1poBatb W BU3yanu-
3upoBatb Hhopmy, 06bEM
W CUMMETPUIO BOCCTaHOB-
TNIEHHOM rpyau.

MapHOM TKaH (BHYTPUMMaMMapHbIX
TPAHCMO3MLIMOHHbIX /POTALMOHHBIX
NOCKYTOB MM aAanTUPOBAHHON

K OHKOI0rMM MaMMONAACTHKM),
4T06bI M36EXKaTh MPOBUCAHNS KOXM
WA pasHuLbl B 06bEME MOMOYHbIX
Xenes.

MacTakToMus (MoaUULMPOBaHHAs
pagumkanbHas mactakTomus, MPM)
BK/KOYAET yaaneHue BCex TKaHei
rpyau. MNokasaxus K aToi npouesy-
pe BKJIYAKT MybTUTLEHTPUYHbIN
POCT ONyXonu, HebnaronpuaTHoe
COOTHOLLEHME PA3MEPOB ONYX0NM 1
MOJIOYHOM XXenesbl, BOCNanuTeb-
HYH0 KapLWUHOMY MOJIOYHON XXenesbl
WM XXenaHue naumeHTa.

[pyrum xupypruyeckum Bapu-
aHTOM SBNSETCS MACTIKTOMUSA C
COXPAHEHWEM KOXW, NPKU KOTOPO#
yAanseTcs BCe rpyaHas TkaHb 3a
WUCKITHOUYEHNEM KOXHOMOMOKPO-

Ba. 3aTeM KO>XXa HaMomHAETCs
CUIMKOHOBbIMM UMMIAHTATaMM Win
ayTONOTMYHOM TKaHbIO ,HanpumMep,
NOCKYTOM LUMPOYANALLIEN MbILLIL|bI
cnuHbl, TRAM -, DIEP-, TMG- unu
SGAP-nockyTamu, YTo No3BONSET
BOCCTaHOBMTb 3CTETUYECKMIA BUA
rpyam u, Takum 06pasom, hopmy
XEHCKOro Tena. 7o Takxe uMeeT
6onbLUOoe 3HaueHne AN 60pbObl ¢
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The sentinel node is the first
lymph node that a tumour
drains into. This relatively small
additional procedure helps ver-
ify the cancer stage as well as
the further therapy and prog-
nosis. Should further lymph
nodes need to be removed,
what is referred to as axillary
dissection is performed.

In this case, a gentle surgical
procedure is also of particular
importance. If tumour-infiltrat-
ed lymph nodes are detected
in the axilla already before

the surgery or chemotherapy,
axillary dissection is performed
directly [4].

Reconstructive Breast
Surgery

If a breast-conserving therapy
is not possible, the patient

has to be educated about the
option of breast reconstruc-
tion using either implants or
free tissue transfer. Among
these free, microsurgical flap
reconstruction techniques, the
deep inferior epigastric perfora-
tor flap (DIEP flap) has estab-
lished itself in clinical routine
over other technigues such

as TRAM (transverse rectus
abdominis myocutaneus flap),
TMG (transverse myocutane-
ous gracilis flap) and SGAP
(superior gluteal artery perfora-
tor flap) [6]. However, these
continue to be used in cases
where DIEP flap reconstruction
is not possible. At the time the
breast reconstruction proce-
dure is performed, almost all
patients have sufficient lower
abdominal tissue to permit flap
reconstruction of one or both
breasts with a sufficient vol-
ume [7]. The donor site on the
lower abdomen can be closed
by mobilising the abdominal
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wall similarly to a cosmetic
abdominoplasty, which pro-
vides a desirable additional
benefit in many cases. Using a
microscope, the vessels of the
DIEP flap are connected to the
internal thoracic artery and its
accompanying vein at the level
of the third rib.

Depending on the extent of
the resection required from an
oncological perspective, the
breast reconstruction can be
followed by reconstruction of
the mamilla (using local flap
reconstruction) and the areola
(using medical pigmentation,
tattoo). Following breast recon-
struction, autologous fat trans-
plantation is being increasingly
used to correct any irregular
contours.

Nowadays, advanced 3D
photogrammetric techniques
are employed before, during
and after the surgery for plan-
ning the breast reconstruction
procedure in terms of breast
volume and breast symmetry
(Fig. 2).

Depending on the specific situ-
ation and the patient’s wishes,
the breast reconstruction pro-
cedure using autologous tissue
can be performed either during
or after the tumour surgery. In
patients who have their breast
tissue removed as a preventive
measure due to genetic/family
predisposition, breast recon-
struction can be performed
using either silicone implants
or autologous tissue.

A conscientiously managed
breast reconstruction consulta-
tion of a certified breast centre
is designed to offer patients
comprehensive interdiscipli-
nary consultation with gynae-

60N1€3HBI0 U LOMKHO BbITb [OCTYM-
HO BCEM NauueHTam.

Bce BblLLEynOMSHYTble Xupypruye-
CKME MpoLieaypbl MOTYT BKIOYATh
yZaneHue CTOPOXeBOro y3na B
MOAMbILLEYHOW 0611aCTH, KOTOPbIN
nepes XMpypruyeckuM BmeLLa-
TENCTBOM NMOMEYAIOT TEXHELNEM.
CTOpOXEBOW y3en - 9TO NEPBbIi
nMcbaTUYeCcKui y3en, Yepes KoTo-
Pbli OCYLLECTBNSAETCS OTTOK JIUM-
bl 13 onyxonu. 3Ta OTHOCUTENBHO
HebonbLUas AONOMHUTENbHAS
npoweaypa nomoraeT ycTaHoBUTb
CTaAMto paka, a Takxe obycnas-
NMBAET AaNbHENLLYIO TEPanuIo 1
nporHo3. Ecnv Heobxoaumo yaa-
TWTb Creayrowme nuMdartmyieckue
y37bl, TO BbINOMHAETCS NOAMbI-
LeyHas anccekums. B atom cnyyae
0C06eHHO TpebyeTcs WapsLas
Xupypruyeckas npouegypa. Ecnu
onyxonesas MHUAbTpaums noa-
MbILLIEYHbIX TMMEOY30B BbIsIBIEHA
[0 Onepauuy unv xummuoTepanuu,
TO Cpa3y BbINOJHAETCS NOAMbILLEY-
Has auccekums (4).

PeKoHCTpYKTUBHAs Xupyprus
rpyAu

Ecnm Tepanus ¢ coxpaHeHmem
rPyau HEBO3MOXHa, NALMEHT
LOSKEH BbITb HKHOPMMPOBAH

0 BO3MOXXHOCTW PEKOHCTPYKLMK
rPyau C UCNONb30BaHUEM UMMIaH-
TaTOB WM METOAA NEPEMELLEHMS
CO6CTBEHHBIX TkaHei. Cpeam aTux
MUKPOXMPYPTUYECKNX METOL0B
PEKOHCTPYKLMSE CBOBOAHBIM IOCKY-
TOM - KOXXHO-XXMPOBbIM JIOCKY THbIM
nepchopaHTHbIM TPAHCINAHTATOM,
noMyyaroLnM KPpOBOCHABXEHNE U3
ry6OKOW HUXKXHEN anuracTpansHou
aptepum (DIEP - nockyTtom) 3ape-
KOMeH/0Bana cebs B KIMMHNYECKOM
NPaKTVUKE KaK HavmyJLlas MeToau-
ka no cpasHeHno ¢ TRAM (koxxHo-
MbILLIEYHbIM MOMEPEYHbLIM NIOCKYTOM
NPSIMON MbILwLbl xuBoTa), TMG
(KOXXHO-MbILLEYHBIM NONepeYHbIM
NIOCKYTOM TOHKOM MblLULbI 6eapa) v
SGAP (K0XHO->XMPOBbIM Nepdo-

Pak Monou4Hoii xenesbl

PaHTHBIM JIOCKYT C KPOBOCHAG-
XXEHWEM W3 BEPXHEN SroanyHoON
apTtepum)(6).

OnHako OHU NO-NPEXHEMY WC-
NoMb3yKTCA B CAyYasx, Koraa
PEKOHCTPYKUMS ¢ nomoLbio DIEP
—nockyTa HeBO3MOXHa. Koraa
NPOBOANTCS NpoLieaypa BoCCTa-
HOBJIEHWS TPY LM, MOYTH Y BCEX
NaunNeHTOB MMEETCS JOCTATOYHO
TKaHM B HUXKHEW YaCTW XXMBOTA,
4T06bI MPOBECTU PEKOHCTPYKLMIO
OLHOM M1 06enx MOMOYHBIX XKenes
C 0CTaTO4HbIM 06BEMOM (7).
MecTo 3a60pa nockyTa B HUXKHE
4acTyW XXMBOTA JOMKHO ObITh
3aKpbITO NyTEM MOBUAM3ALMN
OPHOLLIHOM CTEHKW aHanor1yHo acTe-
TUYECKON abAOMUHOMNACTHUKE, YTO
BO MHOIMX Cryyasix aeT naumeHTy
LOMONHUTESNBHOE NPEUMYLLECTBO.
Mcnonb3yst MUKPOCKON, COCY bl
DIEP-nockyTa coeanHsiioTCs C
BHYTPEHHEW rpyaHOM apTepuei

W CONYTCTBYHOLLEN €i1 BEHOM Ha
YPOBHe TpeTbero pebpa.

B 3aBucumocTy 0T 06bema pe-
3€KLNKM, HEOOXOANMON C OHKONO-
FMYECKOM TOUKM 3peHns, nocne
PEKOHCTPYKLAM MOJIOYHOM Xenesbl
MOXET ObITb NPOBELEHA PEKOH-
CTPYKUMS! COCKA (C UCMOMb30BaHUEM
MECTHOW PEKOHCTPYKLMM NIOCKYTOM)
1 apeosibl (C MOMOLLbHO MeULIMH-
CKOW MUrMEHTaLMM UM TaTyaxa).
Takxe ayTonornyHas TpaHcnnaH-
Tauus Xupa BCe Yalle uenonb3yer-
Cst AN KOpPeKLUmn NiobbIX KOHTYPOB
My v Tena.

B HacToslLLee BpeMs UCnonb3y-
t0TCS! YCOBEPLLEHCTBOBAHHbIE
3D-thoTorpammeTpudecKme MeTo bl
[0, BO BPEMS W NOCAE onepauui no
BOCCTaHOB/IEHMS TPy 4K C LIENbIO
NNAHUPOBAHMS W NOCELYHOLLErO
KOHTPONS 06beMa M CUMMETPUK
rpyam (Puc.2).

B 3aBMCMMOCTY OT KOHKPETHO
CUTYyauuu 1 NOXKeNaHWi naumeHTa,
npoLeypa BOCCTaHOBEHUS Py an
C MCNONb30BAHWEM Ay TONOMMYHOIA
TKaH1 MOXET ObITb BbINOMHEHA
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cologists and plastic surgeons.
Irrespective of the selected
surgical procedure, oncological
safety, i.e. combating cancer,
must be the top priority. While
deciding on the type and tech-
nique of breast reconstruction,
the patient’s wishes should

be accommodated as far as
possible while selecting the
procedure that best suits her
specific needs.

Advanced Radiation Therapy
for Breast Cancer

Radiation therapy is an essen-
tial component of all multi-
modal breast cancer treatment
concepts. Postoperative radia-
tion therapy is usually started
after complete wound healing,
but no later than six to eight
weeks following the surgery

[8, 9] or completion of adjuvant
chemotherapy in cases where
this is indicated. Our goal is to
extend the treatment and tailor
the employed radiotherapy
technique to the respective pa-
tient’s needs, thereby achiev-
ing maximum tumour control
while optimising tolerability.
Since breast-conserving thera-
pies (BCT) were introduced in
the 1970s, postoperative irra-
diation of the breast has been
an integral part of the therapy
[10]. Postoperative whole-
breast irradiation (WBI) reduces
the incidence of local recur-
rence of primary tumours by up
to 20%, depending on the risk
profile [11]. The EBCTGC meta-
analysis also shows a 15%
reduction in the recurrence rate
(both local and distant) through
radiation therapy after 10 years
and a reduction in the breast
cancer mortality rate after 15
years [11].

In certain risk situations, ra-
diation therapy is also recom-
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mended after mastectomy.
Postmastectomy radiation
therapy (PMRT) of the thoracic
wall significantly reduces the
locoregional recurrence rate
and improves both the disease-
free and the breast cancer-
specific survival of patients
[12]. Based on the available
literature data, PMRT is recom-
mended for extensive tumours,
if > 3 lymph nodes are infil-
trated or if 1-3 lymph nodes are
infiltrated and additional risk
factors are present (multifocal
tumours, multicentric tumours,
G3 and L1 tumours, close
resection margin).

The extension of the target
volume to include the supra-
and infraclavicular lymph drain-
age areas following both BCT
and mastectomy in high-risk
patients with axillary metas-
tases has established itself in
the guidelines. Recent studies
[13-15] and a meta-analysis [16]
have shown a small but signifi-
cant benefit regarding overall
survival.

Partial breast irradiation
(APBI) and local dose
increase to the tumour bed
(boost)

A group of patients in whom
radiation therapy following a
breast-conserving therapy is
not beneficial cannot be reliably
identified in any study.

In young patients, two large-
scale randomised studies have
demonstrated a positive effect
of a local dose increase (boost)
to the tumour bed on local
tumour control.

In the past, a boost dose was
always applied following WBI.
Nowadays, it can also be per-

nmbo BO Bpems, MMbo nocne one-
pauumM Ha Onyxonu. Y naumeHTos,

y KOTOPbIX UX MOJIOYHAs TKaHb
yaaneHa kak npounaktuye-

CKasi Mepa 13-3a reHeTMHeCKoM /
CEMEWHOI MPeapacronoXXEHHOCTH,
PEKOHCTPYKLMNS TPy AN MOXET ObITh
BbIMNOSIHEHA C MCMOMb30BaAHMEM
MMB0 CMIMKOHOBBIX UMMIAHTATOB,
160 ayTONOrMYHOM TKaHU.
X0poLUo OpraHn3oBaHHas KOHCYb-
Taums C r’MHEKoNoraMmm 1 nacTuye-
CKUMM XMPYprami B CepTUDMLMPO-
BaHHOM MaMMOSOTNYECKOM LIEHTPE
AO/MKHA 06eCneUunTb NaumeHTam
BCECTOPOHHIOK MEXANCLMNINK-
HapHY0 3KkCnepTu3y. Hesasncumo
OT BbIOGPAHHO XMPYPrinyeCKoil
NpOLeAypbI, OHKONOrN4eckas
6e30MacHoCTb, TO ecTb 6opbba ¢
paKkoM, BOSKHA ObITb rIaBHbIM
npuopuTeTOM. B COOTBETCTBUM C
TUMOM W METOAMKON PEKOHCTPYKLMM
MOJIOYHOM XKenesbl NOXXenaxus na-
LMEHTA [OMXKHbI BbITh MaKCUMarb-
HO y4TeHbI NPy BbIGOPE NpoLeaypbl,
KOTOpast HaUny4LLIMM 06pasoMm
COOTBETCTBYET €0 KOHKPETHbIM
NOTPEBHOCTAM.

YcoBeplueHCTBOBaHHas
paavoTepanus Npu pake
MOJIO4HOIA XKene3sbl
PagnoTepanus SBRseTcs BaxHbIM
KOMMOHEHTOM BCEX KOHLIEMLWNA
MyNbTUMOAANBHON TEpanum paka
MOJI04HOI Xenesbl. Mocneone-
pauMoHHas ny4esas Tepanus
06bI4YHO HaYMHAETCS nocne
MOJHOrO 3aXKMBNEHUS PaH, HO He
no3aHee LWeCcTU-BOCbMI HeAEenb
rnocne onepauuy 1nn 3aBepLUEHMS
a[iblOBAHTHO XMMMOTEpanuu B Tex
cryyasx, Korja nokasaH aToT BuA
neyenuns. Hawa uenb — yeunuTb
neYeHre 1 afanTupoBaThb npuMe-
HSAEMYHO TEXHUKY pagmoTepanum K
MOTPE6HOCTSAM COOTBETCTBYHOLLEMO
nauueHTa, 1 Tem cambiM obecne-
YUTb MaKCUMAaNbHbIA KOHTPOb
ONyX0mnu, OAHOBPEMEHHO ONTUMMU3M-
pYys NEPEHOCUMOCTb NEYEHUS.

Pak Monou4Hoii xenesbl

Mockonbky B 70-x rofax 6bimm
paspaboTaHbl METOAbI TEpanuu ¢
coxpaHermeM rpyau (TCT), nocne-
onepaumoHHoe 061y4eHe cTano
HEOTbEMIIEMOI YaCTbIO Tepanum
(10). MocneonepaumoHHoe NoNHoE
o6ny4eHve rpyam (MO cHuxaeT
4acToTy IOKANbHOrO peumnanea
nepBuYHbIX onyxonen 1o 20%, B
3aBMCMMOCTY OT Npochuns pucka
(11). Meta-aHanu3 EBCTGC Takxe
nokasbiBaeT 15% - Hoe CHXeHne
4acTOThbl PELMAMBOB, KaK NOKab-
HbIX, TaK W OTAANEHHbIX, Yepes

10 neT nocne ny4eBon Tepanuu

W CHUXXEHWE CMEPTHOCTM OT paka
MOMOYHOM Xenesbl vyepes 15 neT
(11). Mpw BbICOKOM pUCKe peunamsa
paguoTepanus Takxe PeKOMeHfy-
€TCs Nocre MacTakToMum. IocT-
MacT3KTOMMYecKas pagmoTepanus
(MMPT) rpyLHO#A CTEHKM 3HauM-
TEMNbHO CHUXXAET YacTOTy NOKasb-
HOrO PeLnansa u yayylaeT kak
6e3pELMANBHYIO BbIXXMBAEMOCTb,
TaK W BbKMBAEMOCTb NALMEHTOB

C pakom MOJIO4HOM xenesbl (12).
CornacHo nocnesHum nuteparyp-
HbIM AaHHbIM, [IMPT pekomen-
LyeTCs AN pacrnpoCTPaHEHHbIX
onyxonei npu nopaxexun 6onee 3
MMEATUYECKNX Y370B UK, ECIN
BbISIBIEHa OMyxoneBas NHUIb-
Tpaums 1-3 numdatnyeckux y3nos
W [ONONHUTENbHBIE PaKTOPbI
pucka (MynbTudoKanbHas Onyxosb,
MHOrOLEeHTprYeckas onyxonb, G3 u
L1 - onyxonu, 6a13K0e pacnonoxe-
HUWE Kpasi pesekumu).

Paclunperue o6bema Tepanum ¢
BKJKOYEHNEM HAf- M NOAKITHYNY-
HbIX 30H IMMATUHECKOTO 0TTOKA,
kak nocne TCI, Tak v nocne ma-
CTIKTOMMM Y NALMEHTOB C BbICOKUM
PUCKOM NOAMbILLEYHbIX METACcTa30B
PEKOMEHAYETCS BO BCEX NMOCNEAHNX
PYKOBOACTBAX.

HepasHve nccneposanms (13-15)

1 MeTa-aHanm3 (16) nokasanu y
He6ONbLLOW YaCTH NALUMEHTOB 3Ha-
UNTENBHOE NPENMYLLECTBO OTHOCH-
TEeNbHO 06LLEN BbKMBAEMOCTY.
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Fig. 3: Intraopera-
tive radiation therapy
(IORT)

formed during WBI or during
the surgery, i.e. directly after
tumour resection (e.g. using

the INTRABEAM® system) [22].

Intraoperative radiation therapy
(IORT, Fig. 3) permits very pre-
cise, high-dose irradiation with
a direct view of the high-risk
area and is therefore employed
at our centre whenever possi-
ble. In selected elderly pa-
tients, this one-time, targeted
radiotherapy technique can be
employed as an effective form
of monotherapy [23].

Hypofractionation
Conventional radiation therapy
of the breast using opposite
tangential fields has become
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increasingly differentiated over
the last few years. Whereas a
single dose of 1.8 Gy — 2.0 Gy
to 50.4 Gy - 50.0 Gy (Gy=gray)
had been considered the gold
standard fractionation scheme
in radiation therapy of the
breast for years, the studies on
hypofractionation conducted
mainly in England and Canada
suggest a shorter therapy pe-
riod [24, 25]. In hypofractiona-
tion, the biologically effective
dose is applied over a shorter
period but in higher single
doses and in a reduced overall
dose. Hypofractionation allows
for shortening the treatment
period to about three weeks.
Where additional irradiation

YacTuyHoe obny4eHue
MonoyHoi xenesbl (YOMXK) n
yBenuyeH1e o4aroBoii A03bl Ha
noxe onyxonu (6ycr)

[pynna nawuneHToB, y KOTOPbIX
paguoTtepanus nocne TCI He gaet
MPeMMYLLECTB, He MOXET BbITh
HaeXXHO MAEHTU(ULMPOBaHA B
nobom ucenenosanuu. [1sa kpynHo-
MacLUTabHbIX PaHAOMU3MPOBAHHbIX
nccneaoBaHns NPOAEMOHCTPUPOBA-
7y MONOAbIX NALNEHTOB MOJO-
XUTENbHbIA 3 EKT yBenuueHus
04aroBou 4o3bl (BycTa) Ha Noxe
onyxonu. PaxbLwe nocne MOMX
NPUMEHANACh [ONONHUTENbHOE
npuuensHoe 061y4eHneaToir 06-
nacTu. B HacTosiLiee Bpems 6ycT
TaKKe MOXET 6bITb BbINOJHEH BO
Bpemst MTOMXX unu BO Bpems one-

Pak Monou4Hoii xenesbl

Puc. 3: MHTpaonepaunoHHas
ny4esas Tepanus (IORT)

pauuu, T €CTb HEMOCPEACTBEHHO
nocre pe3exkuny onyxonu, Hanpu-
Mep, C UCMOMb30BaHUEM CUCTEMbI
INTRABEAM® (22).
MHTpaonepaunoHHas nyvesas
Tepanus (IORT, Puc.3) nossonset
BbIMOSTHUTb O4EHb TOUHOE 06/TyYe-
HWE BbICOKOW [0301 NpW MPSMOM
MPOCMOTPE 30HbI MOBbILLEHHOMO
pucka v No3TOMY, M0 BO3MOXHOCTH,
UCMONb3YeTCS B HALLEM LieHTpe. Y
OTAEMbHbIX MOXWUbIX NALMEHTOB
9Ty pasoByo NPULIENbHYH Paamo-
Tepanmio MOXHO UCMONb30BaTb KakK
3hheKTUBHYHO PopMy MOHOTEpPA-
nuu (23).

MMnocpakuMoHNpoBaHue
B TeueHMe NocneaHnx HeCKOMbKIX
NeT AMCTaHUMOHHAs paanoTepanust
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Fig. 4: The location and extent of the tumour is explained to the patient on
the basis of mammography and sonography images

Puc. 4: MauneHTa nHOPMUPYIOT 0 PACMONOXXeHUM 1 pasMepe OnyXONu C MOMOLLbIO

pe3ynbTaToB MamMmorpacmun 1 coHorpachum

of the surgical area (boost) is
necessary, it can be performed
directly thereafter.

IMRT/ VMAT

In the case of unfavourable an-
atomical conditions (e.g. funnel
chest) or complex target areas
(e.g. irradiation of parasternal
lymph drainage areas), the use
of state-of-the-art intensity-
modulated radiation therapy
(IMRT) or rotational radiation
therapy with continuous inten-
sity modulation (VMAT) permits
better coverage of the target
volume without significantly
increasing the side effects in
the neighbouring organs (heart,
lungs) [26, 28].

DIBH (deep inspiration
breath-hold)

We place a special focus on
protecting the heart, in particu-
lar in left-sided breast cancer,
in young patients and following
cardiotoxic systemic therapy.
A radiotherapy technique with
the patient holding their breath
in deep inspiration (deep inspi-
ration breath-hold, DIBH) can
significantly reduce the dose

to the heart [28]. The patient’s
respiration is controlled and
monitored by using cutting-
edge imaging algorithms, in
particular full surface scanning
techniques and optical visuali-
sation of the patient’s respira-
tory phase.

Neoadjuvant and Adjuvant
Therapy

Target group of neoadjuvant
therapy

Neoadjuvant therapy should al-
ways be considered if chemo-
therapy is indicated based on
the tumour biology, the clinical
situation and the risk profile
after diagnosis of a primary
mammary carcinoma without
distant metastases [29].

Neoadjuvant therapy employs
various substance classes:
chemotherapy drugs as well

as antibodies (HER2 blockade
with trastuzumab and per-
tuzumab) and — in individual
cases — antihormone drugs.
Tumours that best respond to
neoadjuvant chemotherapy
include HER2-positive tumours,

Pak MonouHoii xenesbl

Fig. b: The patients’ cases are discussed at the weekly interdisciplinary
tumour conference

Puc. 5: KnuHuyeckue cnyyavn 06Cy>XAatoTes Ha eXeHe[enbHOI OHKONOrnyecKoi

MEXAMCLMNANHAPHON KOHChEpeHLN

rpyau ¢ UCnonb30BaHneM npoTUBO-
MOMNOXHBIX TAHrEHUMAmbHbIX NONen
cTaHoBuTCS BCe Bonee andhdepen-
LIMPOBAHHOW. B TO Bpems kak 0fHO-
kpaTHas gosa ot 1,8 [p-2,0 'p
npu obwen fose 50, 0 p-50,4 'p
cuMTanach 30/0TbIM CTAHAAPTOM
(hpaKLUMOHMPOBAHMS NpU pPaamo-
Tepanuu rpyan B TEYEHNE MHOTUX
NeT, uccnefoBaHus no runocpak-
LIMOHMPOBAHMIO, MPOBOAMMBIE, B
OCHOBHOM, B AHrnnm 1 KaHage,
npeanararoT 6onee KOPOTKWA nepu-
of Tepanuu (24,25).

Mpu runodpakuMoHMpoBaHnm
6uonoruyecku aphekTUBHas 103a
NPUMEHSETCS B TeYeHue 6onee
KOPOTKOr0 Nep1osia BPEMEHM, HO B
6onee BbICOKMX OAHOKPATHbIX [0-
3aX M B YMEHbLUEHHOW 06LLeit 103e.
['MnogpakLmMoHMpoBaHKE NO3Bo-
NSET COKPATUTb NEPUOA NEUEHMS
[0 Tpex Hedenb. Ecnn TpebyeTcs
AOMONHUTENBHOE NPULIENbHOE
0671yYeHNe XMPYPruiecKon 30Hbl
(6ycT), TO €10 MOXHO BbIMOMHNTH
HENOCPEACTBEHHO NOC/E OCHOBHO-
ro Kypca.

IMRT / VMAT

B cnyyae HebnaronpusiTHbIx aHaTo-
MWYECKNX OCOBEHHOCTEN, HANPUMEP,
BOPOHKOO6PA3HOM rpyaHOM KNETKK,

WU CRIOXKHBIX ANst 0611yYeHnst

30H Hanpumep, napacTepHab-

HbIx 06nacTei ¢ IMMQOOTTOKOM,
NCMONb30BaHNE COBPEMEHHOM MO-
LyNVMPOBAHHOM MO MHTEHCUBHOCTY
paguotepanuu (IMRT) unu Mopynu-
POBaHHOM MO 06bEMY POTALMOHHON
paguoTtepanuu (VMAT) nossonsiet
nyyLe 0XBaTUTb 06/y4aeMyto
obnacTb 6€3 3HaUMTEeNbHOMO yBE-
nM4eHmns No604HbIX 3GIEKTOB B
COCeaHMX opraHax (cepaLe, nerkux)
(26,28).

DIBH (pagnoTepanus ¢
3a/ilepXXKOM AbIXaHUs npu
rny6okom Bpoxe)

Mb! yaensiem oco6oe BHMaHWe
3alumTe cepAua, B 4acTHOCTH, Npu
NEBOCTOPOHHEM PaKe MOMNOYHO
XENesbl, y MONOAbIX NALNEHTOB

W NOCne KapaMOTOKCUYECKON CH-
CTeMHOW Tepanun. PagnoTtepanus
Yy NaLUWEHTOB, 3a[ieP>KaBLUNX fibl-
xaHwe npu rny6okom Baoxe (DIBH)
MOXXET 3HAUUTENBHO YMEHBLUNTD
o6nyyeHue cepaua (28). fbixanme
nauneHTa KOHTPONMPYETCS U OT-
CNEXMBAETCA € UCMONb30BaAHUEM
Camblx COBPEMEHHbIX BU3yanu3auu-
OHHbIX anropuTMOB, B YaCTHOCTH,
NOCPESCTBOM MOJHOrO NOBEPXHOCT-
HOTO CKaHMPOBAHWS N ONTUYECKON



Breast Cancer

triple-negative tumours and
hormone receptor-negative
tumours [4].

This way, unresected tumours
can be monitored as regards
therapy response. In the ideal
case, pathological complete re-
mission (pCR) can be achieved.
This means that the tumour
can no longer be detected in
the surgical specimen after
completion of the neoadjuvant
therapy. Once this is achieved,
the patients are assumed to
have an excellent prognosis
[29]. Neoadjuvant combination
therapy with trastuzumab and
pertuzumab shows a higher
rate of pathological complete
remission than monotherapy
with trastuzumab [30]. If the tu-
mour is nevertheless observed
to grow during the therapy, the
surgery has to be performed
earlier than planned.

Irrespective of the tumour biol-
ogy, primary systemic therapy
can be particularly beneficial

in patients with unresectable
primary tumours and inflamma-
tory mammary carcinomas. If
they respond well to the thera-
py, these tumours can become
resectable [4]. In addition, a
neoadjuvant therapy can have
an influence on the type of
surgery. In the event of a good
therapy response, patients
with an extensive resectable
tumour, who would otherwise
have needed a mastectomy,
can undergo a breast-conserv-
ing surgery [4].

Monitoring of therapy
response

Clip marking of the tumour
should be done in each case,
since today's neoadjuvant
therapies are so effective that
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the tumour can otherwise
often no longer be detected
during the subsequent sur-
gery. This additionally makes it
possible to locate the tumour
area in examinations during
the therapy and to monitor the
tumour size over the course
of time. In the postoperative
histological examination of
the resected tumour area, clip
marking serves to detect and
assess the residual tumour tis-
sue [4, 31].

Choice of therapy
Recommended chemotherapy
regimens are based on the
adjuvant standards with a
duration of at least 18 (-24)
weeks [4]. However, the
choice of therapy should be
based primarily on the tumour
biology. Tumours of the HER2
subtype and triple-negative
(hormone receptor-negative
and HER2-negative) carcino-
mas are particularly well suited
for primary systemic therapy.
Triple-negative tumours are
treated using a combination of
anthracyclines and paclitaxel; a
platinum-based drug is recom-
mended in addition to taxane ir-
respective of a BRCA mutation
(breast cancer gene) [4].

A completed neoadjuvant
therapy is usually followed by a
surgery. If a HER2-positive tu-
mour is present, the anti-HER2
therapy with trastuzumab as a
monotherapy is continued for
a total period of one year after
completion of chemotherapy.

Adjuvant therapy

Adjuvant therapy employs the
same substance classes as
neoadjuvant therapy.

The first-line treatment for
hormone-sensitive and HER2-

BU3yanuaauun ObIXaTeNbHOM an3bI
nayueHTa.

HeoapbloBaHTHas U
afbloBaHTHas Tepanums

LleneBas rpynna ans
HeoafblOBAaHTHOIN Tepanuu
HeoaabioBaHTHYO Tepanuo
crenyeT paccMaTpuBaTh, ECIW Xu-
MUOTEPaNus Ha3HaveHa ¢ y4eToM
61ONoriK ONyXonK, KIMHUYECKOM
KapTuHbI M NPOMAs pucka nocne
AMAarHOCTUKM NEPBUYHON Kap-
LIMHOMbI MOJIOYHOM XXene3sbl 6e3
OTAaneHHbIX MeTacTasos (29).
HeoafbioBaHTHas Tepanus BKIHO-
4aeT B Cebs pasnnyHble Kacch!
NEKapCTBEHHbIX NPenaparos:
XMMWOTEPANeBTUYECKME Npenapa-
Tbl, aHTUTENA (610KaTopsl HER2 ¢
TpacTyaymabom 1 nepTy3ymabom)
W, B OTAENbHBIX Clyyasix, aHTUrop-
MOHanbHble Npenapatbl. Onyxony,
KOTOpbIE MyYLLie BCEro pearupytot
Ha HEOAbIOBAHTHYIO XUMMOTEpa-
nuto, BKNtoYatoT HER2-no3nTuBHbIE
ONyXOmnu, TPUX bl HEraTUBHbIE
ONyXOJN 1 TOPMOH-HeraTuBHbIe
onyxonu (4).

Takum 06pa3om, HepesnuUMpoBaHx-
Hble OMyXO0NN MOTYT KOHTPOMM-
pOBATLCS C MOMOLLBIO 0TBETA Ha
Tepanuto. B naeanbHom cnyyae
MOXET 6bITb AOCTUrHYTA NONHAS
pemuceuns 3abonesanns (MP3). 31o
03HA4aeT, 4To OMyXosb 60MbLLE

He 06Hapy>X1BAETCS B XMpypruye-
CKOM 06pa3Lie nocne 3aBepLUEHMS
HeoabIoBaHTHOM Tepanuu. Mpu
AOCTUXKEHUN TAKOro COCTOSHUS,
CUNTAETCS, YTO Y NALNEHTOB OT-
TIYHBIA NPOTHO3 (29).
HeoanbtoBaHTHAs KOMOUHMPOBAH-
Has Tepanus ¢ TpacTy3ymaboMm u
nepTy3ymabom nokasmisaet bonee
BbICOKMIA NOKa3aTesb NoNHOM
pemuccim 3a60NeBaHNs, Yem
MOHOTEpanus TpacTyaymabom (30).
Ecnu HabntogaeTcs pocT onyxonu
BO BpeMsi 3TOW Tepanum, onepaums
[O/MKHA BbINONHATLCS paHblUe, Yem
nnanvposanach.

Pak Monou4Hoii xenesbl

HesaBucumo 0T Gronorum onyxonw,
nepBMYHas cUCTEMHas Tepanus
MOXET 6bITb 0CO6EHHO 3PCPeKTUB-
HOM Y NaLMEeHTOB C Heonepabenb-
HbIMW MEPBUYHBIMU OMYXOMSMM 1
BOCNANMTENbHbIMU KapLMHOMaMK
MOJIOYHOM XKenesbl. Ecnu oHu
XOPOLLO pearvpytoT Ha Tepanuio, To
MOryT CTaTb pe3ekTabesnibHbiMu (4).
Kpome T0ro, HeoaabloBaHTHas
Tepanusi MOXET NOBANSTb Ha TUN
onepaumu. B cnyyae xopoluero
0TBETa Ha TEPANMIO, Y NALMEHTOB

C 06LLIMpHOK pe3ekTabenbHOM
ONyX0nbk), Y KOTOPbIX B MPOTMBHOM
cnyyae 6bina 6bl HE06X0AMMOCTL B
MacCT3KTOMMU, BbINOSHAETCS Onepa-
LMsi C COXPaHEHNeM rpyam (4).

MoHuTOpPUHI 0TBETA Ha Tepanuio
IMockonbKy COBpeMeHHas Heoanb-
tOBAHTHAs TEPanus HaCTONbKO
3hcheKTUBHA, YTO OMyXOMb 3a-
4aCTYHo yXKe Hemb3s 06HaPYXUTb
BO BpeMs MOCNELYHOLLEH onepauum,
HEeo6X0AMMO [0 Hauana neyveHns
nomeyaTb ee Kuncom.

370 TaKXe No3BONSET ONPeLenuTL
MECTOHAaxX0XeHue 06nacTy Onyxo-
v Ny 06CNEA0BAHMSX BO BPEMS
Tepanun 1 KOHTPOAMPOBATL pasMep
ONyXomu C Te4eHNeM BpeMeru. Ipu
nocneonepaLvMoHHOM rMCTONOMM-
4eCKOM MCCEeLOBaHNN PE3ELMpO-
BaHHOW 0611acTH KNun-MapkmpoBka
CRYXWUT Ans 06HAPYXXEHMS U
OLIEHKM OCTATO4HOM ONYX0NEBO
TKaHu (4,31).

Bbi60op Tepanum
PexoMeHayeMble CXeMbl XUMUO-
Tepanun 0CHOBaHbI Ha PeXMMax
a[bloBAHTHOW TEpanuu ¢ npo-
LOMXXUTENbHOCTLIO He MeHee 18
(-24) Hepenb (4). OaHako BbI6OP
Tepanuu [OXeH 0CHOBbIBATLCS,
rNaBHbIM 06Pa30M, Ha 61oNoruK
onyxonu. Onyxomn HER2 nogtvna
W TPVXKAbl HETaTMBHBIA (rOPMO-
HanbHble peuenTopbl U HER2 - He-
raTuBHbIE) pak 0CO6EHHO XOPOLLO
NOAXOAAT ANS NEPBUYHON CUCTEM-



Breast Cancer

negative tumours is adjuvant
therapy with antihormone
drugs. In these cases, it has to
be decided based on the indi-
vidual risk profile whether the
antihormone therapy should

be preceded by chemotherapy.
The careful establishment of an
individual risk profile is essen-
tial for this purpose. Nowa-
days, multigene assays (e.qg.
Oncotype DX, MammaPrint,
Endopredict, Prosigna) can help
estimate the recurrence risk.
This serves to avoid excessive
therapy of these patients.

Summary

When receiving advanced
interdisciplinary breast cancer
therapy at a certified breast
centre, patients now have a
70-80% chance of recovering
from breast cancer without
distant metastases. The col-
laboration of various experts
under one roof guarantees the
patients state-of-the-art therapy
according to the latest findings
as well as competent diagnosis
and treatment from the very
beginning (Fig. 4, 5).

Surgical tumour dissection is
not always the best first step
— if a HER2-positive or triple-
negative tumour is present,
preoperative chemotherapy
(including antibody therapy

for HER2-positive tumours) is
the current therapy of choice.
If tumour tissue can then no
longer be detected during the
subsequent surgery, the pa-
tients have optimum chances
of recovery. In the case of
hormone-sensitive, HER2-neg-
ative tumours, it is important to
avoid excessive chemotherapy
—advanced multigene assays
help find the best possible
therapeutic approach.
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HOW Tepanuu. Tpux bl HeraTBHblE
ONyXOmK f1eYaT ¢ UCOoNb30BaHNEM
KOMOMHALWM aHTPALMKIMHOB

W naknuTakcena: npenapar Ha
OCHOBE MAATUHbI PEKOMEHAYETCS

B [ONOJIHEHME K TaKCaHy He3a-
BucuMo oT MyTauun BRCA (reHa
paka MOJIOYHOI Xenesbl)(4).

Mocne HeoanboBaHTHOW Tepanum
06bIYHO BbIMONHSAETCS XMPYprut-
4ecKoe BMeLaTensCTBo. Ecamn
onyxonb HER2-nonoxutensHas,
anTn-HER2-moHoTepanus TpacTy-
3ymabom NPOAOIIKAETCS B TEYEHME
O[HOTO rofia nocne 3aBepLUeHns
XMUOTEpANNM.

ApbioBaHTHas Tepanus
AnblOBaHTHAS Tepanus UCronbayeTt
T€ Xe€ Camble KIacchl npena-
paToB, YTO 1 HEOALbIOBAHTHAS
Tepanusi. Tepanueii NepBoii NMMHNKM
FOPMOHYYBCTBUTENbHbIX 1 HER2-
HeraTuBHbIX OMyX0Nel ABNAETCS
afibloBaHTHas Tepanns aHTurop-
MOHasbHbIMK MpenapaTamu. B aTux
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Pak Monou4Hoii xenesbl

cny4asx Heo6X0ANMO OMPEeLenuT,
C Y4ETOM MHAMBMAYANbHOIO PUCKa,
cnejyeT v NpoBOAMTb XUMUOTE-
panuio Nepes aHTUropMOHambHOM
Tepanueii. [ins 310 Lenu Heobxo-
AMMO TILATENBHOE COCTaBNEHNE
WHAMBKAYaNbHOro npodaina
pucka. B HacTosiLee Bpems
MYTbTUrEHHbIE aHaNM3bl (Hanpu-
Mep, Oncotype DX, MammaPrint,
Endopredict, Prosigna) moryT no-
MOYb OLIEHUTb PUCK peunamnea. 310
nomoraeT 136exaTb Ype3MEPHOro
NeYeHs 3TUX NaLMeHTOB.

Pesiome

[py nonyyYeHn COBPEMEHHOM
MEXAMCLMMNIMHAPHOW Tepanum
paKa MOJIO4HOI XENesbl B Crieuy-
ann3npoBaHHOM MaMMOJIOrMYECKOM
LieHTpe naumenTsbl umetoT 70-80%
- Hbl} LIAHC BbI3LOPOBETH OT paka
MOJIOYHOM XXenesbl 6e3 oOTAaneH-
HbIx MeTacTasos. COTPyAHWMYECTBO
Pa3fnYHbIX CNeLManv1cToB Nog of-
HOM KpbILLEN rapaHTupyeT naumeH-
Tam C CaMoro Havana camyto nepe-
[OBYIO Tepanuio B COOTBETCTBIM C
NOCNEeSHIMM PEKOMEHAALNSMY, @
TaK>Ke KOMMETEHTHYH AMarHoCTUKy
(Puc. 4, 5).

Xvpypruyeckoe yaaneHue onyxonum
He BCera sBNseTCs HaunyyLwmnm
MEpPBbIM LLAroM B JIEYEHNM: ECITN
onyxonb HER2-noautueHas unm
TPUXAbl HEraTuBHas, To npeaone-
pauu1oHHas XuMnuoTepanus (BKIo-
yas Tepanuio aHTUTeNamu B cny4vae
HER2-no3nTuBHbIX 0nyxonen)
SBNSETCS Tepanuen Bbibopa.

Ecnu onyxonesas TkaHb BO BpeMs
nocneaytoLLei onepaunm 60bLue
He 06HapY>X1BAETCS, NaUMEHTbI
UMEIOT ONTUMASIbHBIE LIAHCHI Ha
BbI3[OPOBIEHME.

B cnyyae ropMoHO4yBCTBUTENb-
Hbix, HER2-HeraTvBHbIXx onyxonei
Ba)KHO M36eraTb MHTEHCHBHOMA
XMMWUOTEPANuK: PacLUMPEHHbIe
MYNbTUrEHHbIE NCCNE[0BAHMS
NOMOratoT HaTI HaunyYLLIKiA Tepa-
NEeBTUYECKMIA NOAXOL,.
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Radiotherapy

a Review

Keywords: Low-dose ra-
diotherapy, Painful heel spur,
Plantar fasciitis, Analgesic
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Abstract

The painful heel spur is situ-
ated at the insertion point of
the plantar aponeurosis at the
plantar part of the calcaneus.
Risk factors may be microtrau-
ma, malformation of the foot or
obesity. The incidence ranges
between 8-88% in an unse-
lected population. Only 16%
of these patients present with
stabbing pain under the heel.
The standard diagnostic tool

is a lateral X-ray (Fig.1), which
is intended to diagnose a heel
spur and to exclude other
bony lesions. Most common
conventional therapy options
are orthopedic orthoses, shoe
insoles, local injections with
corticosteroids and local anes-
thetics, NSAID (non-steroidal
anti-inflammatoric drugs) given
orally as well as ESWT (extra-
corporal shock wave therapy).
Surgical procedures are only
considered if conservative
strategies fail.

According to retrospective
data, low-dose radiotherapy

el
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Low Dose Analge- HuskoposuposaHHas

sic Radiotherapy of pagvoTepanus 6ones-
Painful Heel Spur
(Plantar Fasciitis):

(total dose 3-6Gy) can result

in complete pain relief with a
probability in the range 18-
81%, and of partial relief in the
range 7-70%. Older prospec-
tive randomized trials showed
controversial results, a pla-
cebo effect was discussed. In
modern randomized trials, the
effect of radiotherapy could be
proven comparing a standard
dose to a very low one. Further
trials answered the question
of the optimal dosage and
fractionation and resulted in a
reasonable reduction of dose.

Introduction

Definition, Incidence and
Pathological Mechanisms
The term “painful heel spur”
was first described by Plettner
in 1900 summarizing ra-
diological findings about bone
protuberances at the plantar
surface of the calcaneus next
to the insertion of the plantar
aponeurosis and the muscles
of the bottom of the foot [1].
Heel spurs are pin-like lesions
of the bone, appearing on the
backside or at the lower shape
of the calcaneus. They are in
average four to six millimeters
long, broadly mounting on the
calcaneus [2]. This reactive

PaguoTepanus

HEeHHOWU NATOYHOM
LLINOpbI (MOAOLIBEHHOIO

cbacummTa):

KntouyeBble ¢10Ba: HU3KO[03MPO-
BaHHas pagnoTtepanusi, 60Ne3HeH-
Has NATOYHAs LWNopa, NOAOLBEH-
HbliA (hacumMmT, aHanbreTuyeckas
paanoTepanus, hpakLMOHMPOBa-
Hue

Tesucobl

bonesHeHHas nsaToyHas wnopa
HaxoAuTCs B TOUKE NpuKpene-
HWS MNAHTAPHOrO anoHEBPO3a Ha
MOJIOLUBEHHOM YaCTh NATOYHOM
kocTn. ®akTopamu pucka AaHHOTo
3a60neBaHms MOryT 6bITb MUKPO-
TpasMa, ManbhopMaLms CToNbI Uin
OXMpEHMe.

3aboneBaeMoCTb KOnebneTcs ot 8
10 88% B HEOTOGPAHHOM Mony-
ngumn. Tonbko y 16% nauueHToB
HabNoAaeTCs KontoLwas 60mb noa
naTkoi. CTaHAApTHbIM AMArHoCTy-
YECKUM UHCTPYMEHTOM SBMISIETCS
PeHTreHorpadus B natepansHomn
npoekumu (Puc.1), koTopas Bbinon-
HAETCS ANS AMarHOCTUKN NSATOYHOM
LUNOPbI U UCKITIOYEHNS [pYTruX
KOCTHbIX NOBPEXAEHMIA.

Hawmbonee pacnpocTpaHeHHbIe
TPaAULMOHHbIE BapUaHThI Tepanuu
BKJIKOYAIOT OPTONEANYECKME OpTE-
3bl, CTEMbKM Ans 06YBM, MECTHbIE
NHBEKLMN KOPTUKOCTEPOUAOB,
MECTHbIE aHECTETUKH, NEPO-
panbHble HIBIT (HecTeponaHbie
NPOTUBOBOCNANMTENbHbIE Npenapa-

0630p

Tbl), a Takke JYBT (akcTpakopno-
panbHyto yAapHO-BOMHOBYIO Tepa-
Mu1Io). Xvpypruyeckue npoueaypel
paccMaTprBatoTCs TOSbKO B Cryyae
HeaPEKTUBHOCTN KOHCEPBATMB-
HbIX METOZOB.

CornacHo peTpoCrneKTMBHbIM
[aHHbIM, HU3KO[J03MPOBAHHASs
nyyesas Tepanus (obwas fosa 3-6
['p) MOXXET NPUBECTM K MOJHOMY Ky-
MUPOBaHMIO B0MEN C BEPOSITHOCTHIO
B AnanasoHe 18-81% u yacTuuHoMy
KynupoBaHuio B auanasoHe 7-70%.
[MpeablayLumne NpoCnekTUBHbIE
paHAOMU3MPOBaHHbIE UCCNeaoBa-
HUS NOKa3anu NpOTUBOPEYNBbIE
pesynbTatbl, 06Cyxaancs apgexT
nnaue6o. B coBpeMeHHbIX paHzo-
MM3MPOBaHHbIX MCCNEeA0BaHMAX
3(pheKTUBHOCTB Nly4eBOiA Tepanim
NOATBEPXXAEHA NyTEM CPABHEHUS
CTaHAAPTHON [O3bI C 04EHb HU3KOM.
lMocnepytoLme uccneaoBaHus 0T-
BETWM Ha BOMPOC 06 ONTUMAaNbHOM
LO3MPOBKE W (PPaKLMOHNPOBAHWH,
W NPUBENN K Pa3yMHOMY YMEHbLLe-
HUIO [LO3b.

BseneHue

Onpeaenexue, 3a6oneBaeMocTb
U naToreHes

TepmuH «60ne3HeHHas NATOYHas
wnopa» 6bIin BriepBble ONKUCaH B
1900 rogy neTTHEpOM, KOTOpbI
npoaHanua3npoBan pagnonoruye-
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Fig. 1: Lateral x-ray of the heel showing a plantar heel spur
(Courtesy: Radiology Practice Homburg, Germany)

bone formation is caused by
regressive processes in the
context of an insertion-tendi-
nopathy (a productive fibro-
osteosis) [3-5]. The incidence
of this disease increases with
growing age.

Clinical Symptoms and
Diagnostic Methods

Heel spurs are often asympto-
matic. Only in 16% of all cases
pain under the heel develops
under stress over months

and years, which spreads into
the lower leg and foot. This
pain often has a maximum
while getting up after a long
rest interval. In the clinical
examination, a circumscribed
tenderness on palpation can be
noticed at the medial and distal
edge of the tuber calcanei.

Conventional X-ray is the stand-
ard in diagnosis of plantar heel
spurs. Lateral radiograms are
able to show a spiniform bone
spur at the tuberculum mediale
calcanei, which corresponds

to a traction osteophyte in the
insertion area of the plantar
aponeurosis. There is no cor-
relation between the size of

a heel spur and the intensity

of pain caused. Radiological
findings of plantar fasciitis are
sclerosis and periostal thicken-
ing at the tuber calcanei as well
as an extension of the heel

fat pad. Furthermore, X-ray is
indicated to exclude other bony
lesions (Fig. 1).

Ultrasound shows an edema of
the plantar aponeurosis in an
acute stage, in a more chroni-

PaguoTepanus

Puc. 1: JlaTepanbHas peHTreHorpachus NSTkK ¢ NOAOLIBEHHOM LWINO-
poi (C pa3pelwenus Radiology Practice Homburg, 'epmanus)

CKME [aHHbIE O KOCTHbIX Byropkax
Ha NOLOLUBEHHOM NOBEPXHOCTM
NATOYHON KOCTU PSAOM C NMPUKpE-
neHMeM NOJOLLIBEHHOMO anoHEeBPO-
32 U MbILLUL, HUXKHEN NOBEPXHOCTH
cronbl (1).

MSTOYHbIE LWNOPbI - 3TO LWTUTO-
nofo6HbIE KOCTHbIE 06pa3oBaHus,
BO3HMKAKOLUME HA HUXKHEW U 3aiHeN
CTOPOHE NATOUHOM KOCTH. OHM
06bIYHO UMEIOT ANIUHY OT YETbIPEX
[0 LIECTN MUANIUMETPOB 1 LUMPOKOE
OCHOBaHue (2).

370 peakTUBHOE KOCTHOE 06-
pa30BaHwe, KOTopoe obpasyeTcs
BCNEACTBWE PErPECCHMBHbIX MPOLIEC-
COB B KOHTEKCTE «MPUKPENIIEHNe

— TeHanHonaTus» (MPOAYKTUBHBIA
¢ubpoocTeos)(3-5). Yactora atoro
3a60/1eBaHNs YBEMUMBAETCS C
BO3pacToM.

KnuHnyeckue cMMNTOMbI U METO-
Abl AUArHOCTUKK

MATOYHbIE WINOPbI YacTo 6eCCUM-
NTOMHbI. TOMbKO B 16% Cnyyaes

B YCNOBUSIX HArpy3ku B TEYEHWE
HECKOMbKMX MECSILIEB W NET, N0j
NATKON BO3HMKAET 601b, koTOpast
PacnpOCTPAHAETCS Ha CTOMY W HUX-
HIOKO 4acTb HOru. JTa 60/1b YACTO
UMEET MaKCUManbHy Npoaon-
XXUTENbHOCTb NOCNE ANUTENBHOMO
Nepuofa HeMoaBUXHOCTH.

[pu KnuHUYeckoM o6cnesoBaHnm
Npv nanbnaumu MOXeT BbITb Bbl-
sIBNEHa OrpaHnyeHHas 60ne3HeH-
HOCTb MO MeAUanbHOMY W AuCTab-
HOMY Kpato 6yrpa nsTo4HON KOCTH.
O6bluHas peHTreHorpadus siBnsi-
€TCS CTaHAAPTOM [MarHOCTUKN
NOAOLUBEHHbIX NATOYHbIX LMop. Ha
OOKOBbIX PEHTTEHOrPAMMAX MOXHO
YBUAETb LUTUCHTOBMAHYO KOCTHYHO
LUMopy Ha MeananbHoM byropke
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cal stage a thickening of the
fascia may be seen [6].

Magnetic resonance imaging
(MRI) shows a thickening of
the fascia up to 8mm and a
signal enhancement in T1-se-
quences as well as a hyperin-
tensity in T2-sequences [7].

Conventional and Surgical
Therapy

The aim of conventional ther-
apy is not to remove the spur
itself but to treat inflammation
and pain. Therapeutic ap-
proaches may be rest, admin-
istration of heat or ice, splints,
and plaster casts. Most im-
portant are orthopedic insoles
[8,9]. More invasive methods
are ESWT (extracorporeal
shock wave therapy) [6,7,10],
low-level laser therapy [11],
local injections with corticoster-
oids and local anesthetics and
the oral application of NSAID
(non-steroid anti-inflammatory
drugs). lontophoresis is a pos-
sibility to apply corticosteroids
with fewer complications and
with a reduced dose [12,13].
ESWT is — besides radiotherapy
— the only therapeutic method
with proven efficacy at a high
level of evidence [13-16].

Comparisons of the different
therapeutic methods at a high
level of evidence are rare. Fur-
thermore, prospective studies
are rare and if they exist they
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often do not include sufficiently
large patient collectives or con-
tain structural deficits [17].

Surgical procedures as the
plantar fasciotomy or the
osteotomy of the spur are only
considered when conservative
strategies fail. In a large trial
examining 870 patients only
3% of all patients underwent
surgery [18]. Heider et al. men-
tioned that 26 of 28 patients
treated operatively showed
good results, especially regard-
ing early load-carrying ability
and analgesia [19].

Good clinical results could be
achieved with an endoscopic
release of the plantar fascia
with reduced tissue impair-
ment [20,21]. New modified
techniques as described by El
Shazly combine the release
with calcaneal drilling and the
removal of the spur. This re-
sulted in a significant reduction
of VAS score (reduced from an
average of 83% to 7%) in 85%
of the patients without high-
grade complications [22].

Review

Radiotherapy: Laboratory
Findings

The anti-inflammatory impact
of radiotherapy on painful heel
spur has been known for a long
time and is well-documented
by numerous clinical trials (see
below). The underlying ultra-

MATOYHON KOCTU, YTO COOTBETCTBY-
€T TPaKLMOHHOMY OCTEOUTY B
06nacTu NPUKPENEHNs NOAOLLBEH-
HOro anoHespo3a. Koppensums
MEXZy PasmMepoM NITOYHOM LIMOpbI
1 MIHTEHCWBHOCTbHO BbI3BAHHOW i
6011 OTCYTCTBYET.
Pazvonornyeckimm npusHaxkamm
NOAOLLBEHHOO pacumunTa sBst-
tOTCA CKIIEPO3 M MEproCcTasbHOe
yTonweHve B obnacti 6yrpa nsaTouy-
HOM KOCTU & TaK>Xe yBenuyeHue
NATOYHON KUPOBOW NPOKIAAKM.
Kpome Toro, peHTreHoBCKoe uc-
CnefoBaHne BbINONHSAETCS, 4ToObI
UCKIOUNTD Apyrve KOCTHbIE No-
paxenus (Puc.1).

YnbTpa3ByKOBOE MCCNE[OBaHME
nokasblBaeT 0TeK NOAOLLBEHHOMO
anoHeBPO3a B OCTPOM CTafAnM, Ha
6onee XPOHNYECKON CTALNM MOXKET
HabmnofaThes yTonweHue dac-
Lnm (6). MarHuTHO-pe3oHaHcHas
Tomorpadus (MPT) nokassisaet
yTorLeHve dacumn [0 8 MM 1
ycunenue curHana B T1-pexume,
a TaKXKe MMNEPUHTEHCMBHOCTD B
T2-pexxume (7).

KoHcepBaTusHoe u
XUPYpPruyeckoe neveHve

Llenb KoHCepBaTUBHON TEPANNK
3aK/t04AETCA HE B TOM, YTOOb
yAanuTb LIMOPbI, & B YCTPAHEHUN
Bocnanexus u 6onn. TepanesTnue-
CKve NOAXOAbl BKNKYAOT NOKOM,
MPUMEHEHWE TeNna Um Nbaa, LUKH
W TUNCOBbIX MOBSA30K. Hanbonee
3(heKTMBHLIM METOLOM SBNSETCS
MCMOMb30BaH1e OPTONEANYECKMX
cTenex (8,9).

PaguoTepanus

Bonee MHBa3MBHbIE METOAbI BKIHO-
varoT JYBT (akcTpakopnopansHyo
YapHO-BONTHOBYO TEPANMIO)
(6,7,10), HN3KONHTEHCMBHAS
na3epHyto Tepanuto (11), nokans-
Hble MHBEKLMM KOPTUKOCTEPOMLOB,
MECTHbIE aHeCTeTUKM, nepopab-
Hoe npumenerune HIBIT (HecTepo-
WAHbIX MPOTUBOBOCTANNTENBHBIX
npenaparos).

VoHodhopes faeT BO3MOXHOCTb
MPUMEHSITb KOPTUKOCTEPOUSbI C
MEHbLLMM KOSIMYECTBOM OCIOX-
HEHWiA 1 B MeHbLUen fo3e (12,13).
OYBT, nommnmo ny4eson Tepanuy,
SBNSETCS 4MHCTBEHHBIM Tepanes-
TUYECKUM METOLOM C [OKA3aHHO
3h(PEKTUBHOCTBIO NPU BbICOKOM
YPOBHe foKasaTtenbHocTy (13-16).
CpaBHeHWe pasnnyHbIX TepanesTy-
4eCckux METOLOB C BbICOKWM YPOB-
HEM [0Ka3aTeNbHOCTW NPOBOANTCS
penko. KpoMe Toro, npocnexkTms-
Hble UCCNEAO0BAHMS TAKXE PeaKm,
W, ECIIN OHW BBINOMHSIOTCS, TO
4acTo He 0XBATbIBAIOT AOCTATOUHO
GOMbLLMX rPYNMN NALMEHTOB UNK
COLepXKaT CTPYKTYPHbIA AechuumnT
(7).

Xvpyprudeckue npoueaypsl, Takue
Kak nofoLBeHHas hacumoTomus
W OCTEOTOMMS LLINOPbI, NOKa3aHb!
TOMBKO TOrAid, KOrAa KOHCEpBaTHB-
Hble MeTOofbl 6esycneluHbl. B 6onb-
LLIOM MCCREe[oBaHn, B KOTOPOM
npuHumany yyactve 870 naumen-
TOB, TOJbKO Y 3% NaLmeHToB bbina
BbINONHEHa onepauus (18). Heider
C COaBT. OTMETUN, YTO 26 13 28
NauneHToB, KOTOPbIE NEYMNCH
0nepaTMBHO, NOKA3anu XopoLLme
pesynbTaTthl, 0COGEHHO B OTHOLLIE-
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Fig. 2: Radiotherapy for heel spur — light field

structural effect of radiotherapy
is not enlightened in every de-
tail up to now [23-26]. As long
ago as 1933 von Pannewitz
could show in an animal model
that the morphological reaction
of tissue to radiotherapy is non-
reversible [27]. Animal experi-
ments in rabbits with antigen-
induced arthritis could already
show as far back as in 1982
that a total dose of 6Gy yielded
convenient anti-inflammatory
effects [28]. Furthermore,
investigations by Hildebrand et
al. could prove that molecular
mechanisms and inflammation-
mediators play a leading role

in the radiotherapeutical effect
[29-31].

In the past 15 years, numer-
ous in-vitro data have shown
that single doses in the range
of 0.5-0.7Gy might be even
more effective than higher

ones. Roedel et al. published
in 2002 that single doses

of 0.3-0.5Gy caused a local
maximum of apoptosis in
macrophages and a reduced
presentation of E-selectin on
endothelium cells combined
with an enhanced expression
of TGF-R1 [32]. Again Hilde-
brand could show in vitro that
depending on the modulation
of cytokine-stimulated E-se-
lectin-presentation, leukocytes
would exhibit less adhesion to
endothelium, especially with
single doses of 0.3-0.6Gy. This
finding also underlines the
anti-inflammatory effect of low-
dose therapy [33]. Additionally
Gaipl et al. (2009) revealed a
maximum of activity-induced
cell death in polymorphonu-
clear cells using single doses
of 0.3Gy [34]. Furthermore, the
anti-inflammatory effects of
low-dose radiotherapy seem to

Puc. 2: Jlyyesas Tepanus NATO4HON LUMOPbI - CBETI0E
none

HUM PaHHeN Harpy3Kk1 M aHanbre-
3um (19). XopoLune KnuHuyeckue
pesynbTatbl MOryT ObiTb JOCTUIHY-
Tbl NPV 9HAOCKOMUYECKOH MOOK-
nu3aumun NOAOLLIBEHHOM hacumu ¢
BOCCTaHOB/IEHNEM MOBPEXAEHHbIX
TKaHe# (20,21). HoBble Moanduum-
POBaHHbIE METOfbI, OnncaHHble El
Shazly, coyeTaioT MobuaM3aLnto co
CBEP/IEHNEM NATOYHOM KOCTM M yaa-
neHneM wnopsbl. Mx ncnonb3osanue
MPUBENO K 3HAUMTENBHOMY CHUXE-
Huto nokasatens VAS (B cpenHeM,
0T 83% [0 7%) y 85% nauneHToB
6e3 Cepbe3HbIX OCNOXHEHWN (22).

0630p

PapuoTepanusi: nabopatopHble
uccneanoBaHus
lpoTMBOBOCNANMTENBHOE BO3-
LEVCTBMe Ny4eBOi Tepanum Ha
GONE3HEHHYIO MATOYHYHO LUMOPY
W3BECTHO ZIABHO M XOPOLLO 3af0-
KyMEHTUPOBAHO B MHOMOUMCIIEHHBIX
KMMHUYECKMX UCCNEAOBAHMAX (CM.
HUXE).

OpnHako OCHOBHOM YNbTPACTPYKTYp-
HbIA 3¢hheKT Ny4eBoit Tepanum 4o
CWX MOP HE 0CBELLEH N0APO6HO (23-
26). Ewwe B 1933 rogy Pannewitz
MPOLEMOHCTPUPOBAN HA XXUBOTHOM
MOZENM, 4To Mopdhonormyeckas pe-
aKLms TKaHW Ha niy4eByto Tepanuio
HeobpaTuma (27).

OKCNEPUMEHTBI Ha KponuKax ¢
aHTUreH-MHAYLUMPOBaHHbIM apTpu-
TOM y>e B 1982 rofy nokasan,
470 06Las fosa 6 I'p obecneum-
Basia Heo6Xo4MMbIA MPOTUBOBOC-
nanuTenbHbIi adpdekT (28). Kpome
TOro, Uccnenosanus Hildebrand ¢
COABT MOKa3asu, 4To MOMEKynsip-
Hble MEXaHM3Mbl U MEANATOPbI BOC-
nanexus UrparoT BeayLLYo ponb B
paamoTepaneBTh4eckoM ahdekTe
(29-31).

3a nocnegHue 15 neT MHOro4MC-
NEHHbIE faHHbIE in vitro MPOAEMOH-
CTPMpPOBaM, YTO PasoBble A03bI
o6y4eHns B guanasone 0,5-0,7 I'p
MoryT BbITb apchexTuBHEE 6onee
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Fig. 3: Radiotherapy for heel spur:
verification image

be linked to a reduced CCL-
20-chemokine-expression, a
reduced adhesion of granulo-
cytes to endothelium cells and
an enhanced activity of AP-1
DNA ligation strength [35]. A
recent review article points out
the induction of the expres-
sion of the X-linked inhibitor of
apoptosis and TGF-31 and the
reduced expression of E- and
L-selectin, interleukin-1 and
CCL20 through macrophages
and polymorphonuclear cells
using single doses between
0.5 and 0.7Gy [36]. Another
recent review article addition-
ally presents high levels of
hemioxigenase 1 (HO-1) and
heat shock protein 70 (HSP 70)
with a maximum using single
doses of 0.5Gy [37].

Radiotherapy — Clinical
Findings

The beneficial effect of radio-
therapy on painful plantar fas-
ciitis (pain relief in 65-90% of
the patients) has been known
for several decades [23,26,38-
41] (summarizing table in [42]).
There is some doubt concern-
ing a possible placebo effect
[38].

The first randomized data were
been published by Goldie [43]
showing no difference in pain
relief after radiotherapy com-
pared to sham radiotherapy.
However, the methods of this
trial have been criticized.
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One of the first modern ran-
domized trials was published
by Heyd [44] comparing the
effect of a total dose of 3Gy
(single dose 0.5Gy) with that
of a total dose of 6Gy (single
dose 1.0Gy) without finding a
statistically significant differ-
ence. Prognostic factors were
examined by Muecke et al.
[45]. Age, the use of megavolt-
age beams and the number
of therapy series were found
significant.

The analgesic effect of radio-
therapy was proven by Niewald
et al. [46,47]. They compared
the effect a standard dose (6Gy
in single doses of 1.0Gy) to
that of a very low one (0.6Gy

in single doses of 0.1Gy) and
found an impressive superiority
of the standard dose. Further-
more, this effect was durable
for at least one year.

Ott et al. [48] compared a total
dose of 6Gy in single doses of
1Gy twice a week to a lower
dose of 3Gy applied in single
doses of 0.5Gy twice a week.

BbICOKWX [03. Roedel ¢ coasT B
2002 rogy ony6naukoBan AaHHble

0 TOM, 4TO pa3oBble Ao3bl 0,3-0,5
['p BbI3BANM NOKaNbHbIA Makcu-
MarbHbli anonTo3 B Makpoda-

rax v MOHWXXEHNE COfepXXaHus
E-cenekTnHa B KneTkax aHLOTENMS
B COYETaHUM C MOBbILLEHHOM 3KC-
npeccveit TGF-B1 (32).

Hildebrand npogeMoHcTpupoBan in
vitro, 4TO, B 3aBUCUMOCTM OT MO-
LyNALMK COLAEPXKAHNS CTUMYNNPO-
BAaHHOrO LMTOKMHOM E-cenekTuHa,
NENKOLMTbI NMOKA3bIBAKOT MEHBLLYHO
afIre3unio K 9HAOTENMIO, 0COBEHHO
npu pa3osbix fosax 0,3-0,6 p.
OTW AaHHbIE TaKXXe NoAYEPKMBALOT
NPOTUBOBOCNANMTENbHbINA 3DPEKT
HW3KOL03WPOBAHHON pagnoTepanim
(33).

Kpome Toro, Gaipl ¢ coasT. (2009)
BbISIBUN MaKCUMarbHyLo rnbesnb
NONMMOPCPHOSAEPHBIX KNETOK
nocne 067y4YeHns ¢ NPUMEHEHNEM
pasosbix 403 0,3 'p (34).

Kpome Toro, npoTuBOBOCNANUTEb-
Hble 9heKTbl HU3KOLO3MPOBAHHON
paauoTepanuu, no-BUAMMOMY, CBS-
3aHbl C YMEHbLUEHHOM 3KCMPECCHen
CCL-20-xeMOKMHOB, YMEHbLUEHHOM

PaguoTepanus

Puc. 3: JlyyeBas Tepanus nTo4HOM
LUMOPbI - KOHTPOSbHBIA CHUMOK

afreavet rpaHynounToB K KneTkam
3HpoTenus, 1 yeunenuem AP-1 [IHK
nmMrupoBanus (35).

B HeaBHel 0630pHOM CTaTbe
OnmMcaHa MHAYKLMS aKCrpec-

cumn X-CBA3aHHOTO MHIMBUTOpa
anontosa n TGF-B1, ymeHbLUeHKe
akenpeccun E- n L-cenextuna,
nHTepneiiknHa-1 n CCL20 Benea-
CTBMe 0651y4eHns Makpodaros

1 NONMMMOPCPHOAAEPHBIX KNETOK

C MCNONb30BAHWEM Pa30BbIX 403
06ny4eHns 0,51 0.7 I'p (36). B
LPYron 0630pHOM CTaThe [ONONHM-
TENbHO NOKa3aHbl BbICOKWUE YPOBHM
remokcureHasbl 1 (HO-1) v 6enka
Tennosoro woka 70 (HSP 70) npw
MakcumarnsHoW pasoBoit Jo3e 06-
nyyenns 1o3 0,5 'p (37).

PapguoTepanusa: KnuHMYecKue
LaHHble

BnaroTBopHOe BNUsHME Ny4EBOM
Tepanuu Ha 6011e3HEHHbIN NOAO-
LUBEHHbI hacumuT (0bnerveHne
6onm y 65-90% naumeHToB) n3-
BECTHO YK€ B TEYEHWE HECKOMbKO
pecatuneTwin (23,26,38-41), n ectb
HEKOTOpbIE COMHEHNS OTHOCUTENb-
HO BO3MOXHOr0 adpchexTa nnaue6o
(38).

MNepBble paHLOMU3MPOBAHHbIE AaH-
Hble, NOKa3blBaALLNE OTCYTCTBUE
pasnnyuid B 06nerveHnn 6onm
nocne Ny4eBom Tepanuu no cpasHe-
HU1IO € nnauebo - paguoTepanve,
Obinm ony6amkosaHbl Goldie (43).
OpnHaKo MeTOfbl 9TOT0 UCTIbITaHMS
ObIV NOABEPTHYThI KPUTHKE.

OZHO M3 NEPBbIX COBPEMEHHbIX
PaHAOMM3MPOBAHHbIX MCCNEf0Ba-
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The acute and long-term anal-
gesic effect was comparable

in both groups. According to
the ALARA principle (keep the
dose As Low As Reasonably
Achievable) a new standard
with a total dose of 3Gy was
generated and widely accepted
in the majority of German Ra-
diotherapy institutions.

In the most recent randomized
trial, Niewald et al. compared
a total dose of 6Gy in single
doses of 1Gy twice a week to
the same total dose in single
doses of 0.5Gy three times a
week. This protocol was based
on the radiobiological findings
mentioned above. They found
no difference in pain relief and
improvement of quality of life
twelve weeks and 48 weeks
and after radiotherapy [49-51].

In the case of a small or no
effect of the first radiotherapy
series a second one is often
prescribed. Hautmann et al.
showed in 2014 that this sec-
ond series can be very effec-
tive [62].

The present therapy standard
in Germany has been sum-
marized in a S2E guideline by
the DEGRO (German Society
of Radiation Oncology) [53] ap-
plying a total dose in the range
3-6Gy in two to three single
fractions a week amounting to
0.5 - 1.0Gy [54].
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Radiotherapy — Side Effects
and Risks

Acute or long-term side effects
like skin redness have not
been recorded. Tumor induc-
tion has not been reported yet
[39,55,56]. In younger patients,
a potential risk of genetic
damage is under discussion.
After radiotherapy for benign
diseases the dose to the
gonads is in the magnitude of
some diagnostic x-rays, thus
genetic alterations are improb-
able [26,57-59].

Further issues to explore?
A lot of data concerning radio-
therapy for painful heel spur
have been collected within the
last 80 years. Nevertheless, a
number of important questions
have remained unanswered:
- There is very little informa-
tion available concerning the
comparison of the effect of
radiotherapy to alternative
methods like injection, ESWT,
acupuncture or surgery. Ran-
domized interdisciplinary trials
on this topic appear recom-
mendable.
The discussion about carcino-
genesis after radiotherapy
for benign diseases should
be ended by a large epide-
miologic trial; first attempts
have been made in Germany
(Schéfer, U., personal com-
munication).
- Randomized trials concerning
radiotherapy for other benign

HWiIA, B KOTOPOM 6bINIO NPOBEAEHO
cpaBHeHve adbdpekTa oT obLuei
£o3bl 3 I'p (pasosas fo3a 0,5 p) ¢
[o3oi 6 'p (pasosast gosa 1,0 'p)
6e3 HaXOXXAEHUS CTATUCTUYECKM
3Ha4MMOiA pasHuUbl, Ob1s10 ony6nm-
koBaHo Heyd (44). MporHocTuye-
ckne hakTopb! 6blnn MCCes0BaHb
Muecke ¢ coaBT. (45). BospacT,
MCMONb30BAHNE METaBOMbTHBIX JTy-
Yeii U KONIMYECTBO KYpPCOB fy4eBON
Tepanum 6blu NPU3HaHbI 3HAUMMbI-
MW (hakTopamu.

AHanbreTuueckuii o ekt paano-
Tepanuu 6b1n fokasaH Niewald ¢
COaBT. (46,47): OH cpaBHWUN aphexT
OT CTaHAapTHOM Ao3bl (6 Mp npw
pa3osbIx gosax 1,0 'p) ¢ achpex-
TOM OT 0Y€eHb HM3KOM Jo3bl (0,6 p
npv pasosbix go3ax 0,1 [p) u 06Ha-
PY>KWK BevaTnsioLLee npesoc-
XOACTBO CTAHAAPTHO A03bl. Kpome
TOro, 3T0T 3GhPEKT COXPaHANCA He
MeHee OfIHOro rofa.

Ott ¢ coaBr. (48) cpaBHun 06LLYHO
[03y 6 ['p npu pa3oBsbix fo3ax 1
I'p oBa pasa B Hegento ¢ 6onee
HW3KO J030M 3 I, NpUMeHsie-
MOW B pa30Boi fo3e 0,5 [p aBa
pasa B HeAento. HeMeAneHHbIi n
LONTOCPOYHbIA aHANbreTUYECKNi
agpchekT Bbin conocTaBnM B 06emx
rpynnax. CornacHo npuHuuny
ALARA (coxpaHeHue 03bl Ha-
CTOMBKO HU3KOM, HACKOMbKO 3TO
LienecoobpasHo), B 60MbLUMHCTBE
HEMELKMX MHCTUTYTOB paanoTepa-
nuu BbIT CO3AAH M LLIMPOKO NPUHST
HOBbII CTaHAAPT paaMoTepanuu ¢
o6Lent foson 3 Ip.

PaguoTepanus

B nocneaHem paH4oMuU3npoBaHHOM
nccnenosanum Niewald ¢ coaBT.
cpasHun 06Lyro 203y 6 'p npw
pasosbix gos3ax 1Ip nsa pasa B
HEAento € Takom xe o6Lei Jo30M
npu pa3oBsbix fo3sax 0,5 p Tpu
pasa B Hefieno. 70T NPOTOKON
bl OCHOBAH Ha paanobuonornye-
CKMX [aHHbIX, YMOMSHYTbIX BbILLE.
Pasnuumii B 06neryeHnmn 60mm u
YAYYLLIEHUN KAYECTBA XKN3HM Yepes
12 v 48 Hepienb nocne paauoTepa-
nuun He 06Hapy>xmnu (49-51).

B cnyyae HebonbLuoro achdexta
UK OTCYTCTBKS adpchexTa nocne
nepBoro kypca ny4esoi Tepa-

MUK 4acTo Ha3Ha4aeTCs BTOPOM.
Hautmann ¢ coasT. nokasan s 2014
rogy, YT0 BTOPOW KypC pagnoTepa-
MU MOXET BbITb 04eHb 3dhheKTHB-
HbIM (52).

CoBpeMeHHbI CTaHAapT Tepa-

nuu B ['epmanmnm 6b1n 0606LLEH B
pykoBoacTee S2E, paspaboTaHHOM
DEGRO (Hemeukum 061LeCTBOM
pagnaumoHHOM oHkonorum)(53)

C NPUMEHEHNEM O6LLEH f03bI B
anana3soHe 3-6 'p B BYX-Tpex
0TAENbHbIX hpaKLNsX B HELENHO,
coctasnstowmx 0,5-1,0 'p (54).

PapnoTtepanusi: no6o4Hble
atheKTbl U pUCKM

HeMefneHHble Ui LOAroCpOYHbIe
no6o4Hble 3HPEKTHI, TAKME Kak
NOKpacHeHNe Koxu, He bbinn 3a-
peruncTpuposabl. O6 WHAyLMpoBa-
HUM ONYXONEN eLLe He coobLLanoch
(39,55,56). Y Monoabix nauneHToB
06Cy>XAancs NOTeHUManbHbIA PUCK
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Conclusions

Radiotherapy for heel spur
(plantar fasciitis) yields a very
good analgesic effect. This has
been proven at a high level

of evidence. Side effects are
negligible.
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Bonpockl Ana aanbHemwero

U3y4eHus

3a nocnefxve 80 neT 6bino cobpa-

HO MHOXECTBO AaHHbIX 0 PaAno-

Tepanim 60N1e3HEHHON LWINOPbI. Tem

He MeHee, psifi BaXKHbIX BOMPOCOB

ocTanuch 6e3 oTeeTa.

- Hanpumep, HegocTaTouHo
WHCHOPMALMK O BIIUSHUM fyYe-
BOJA TEpanuy Ha Apyrue MeToabl
NEYEHMS, TaKNE KaK MHBEKLMH,
ESWT, akynyHkTypa unu xvpyp-
rus.. [103TOMy pekoMeHayTCS
PaHAOMU3MPOBAHHbIE MEXANC-
UMNNIMHAPHbIE UCCea0BaHNs no
9TWUM BOMpOCaMm.

- OBy aeHve pucka KaHuepore-
He3a nocne ny4eBoi Tepanum npu
L06POKa4eCTBEHHbIX 3abone-
BaHWSIX JOIKHO 3aBEPLUMTHCS
KPYMHbIM SMUAEMUONOTMYECKUM
WnccneaoBaHNeM: NePBbIE NOMbITKM
ObInv NpeanpuHATLI B ['epMannm
(Schafer, U., nuyHoe obLuenme).

- B nocnepytoLwme rogbl nnaxmpyert-
Csl POBEAEHNE PaHAOMM3MPOBAH-
HbIX MCCNEL0BaHWUA, KACAIOLLMXCS
paguoTepanuu Apyrux Jo6po-
Ka4eCTBEHHbIX 3a0051eBaHui,
0COBEHHO apTPO30B, B HYACTHOCTH,
CpaBHeHWe CTaHAAPTHOM 1 O4eHb
HW3KOW [03 06NYYEHNS, U MOnyYe-
HWe aHanbreaupytoLLero addexta
MpV Ny4eBON Tepanuu.

BbiBoab!
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HE3HAYNTENbHbI.

HO-BOMHOBAs Tepanus
MPT MarHuTHo-pe3oHaHcHas
TOMOrpagms

HIBIT HecTepouaHsle NpoTuUBo-
BOCMaNMTENbHbIE Npenaparb
VAS BuayanbHas aHanorosas
LKana

CS LUkana Calcaneodynia
DEGRO HemeuKkoe coobLecTBo
paamaLnoHHON OHKOMOMMK
GCGBD HemeLkas koonepatus-
Has rpynna no U3y4eHuto Ny4esoi
Tepanuu J06pOKaYeCTBEHHbIX
3abonesaHuii
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Patellofemoral
Arthroplasty:
Recent Concepts

Keywords: Knee, patellofemo-
ral joint, patellofemoral arthritis,
patellofemoral arthroplasty,
HemiCAP Wave prosthesis,
Osteochondral lesion, Trochlear
dysplasia, HemiCAP Kahuna
prosthesis

Patellofemoral osteoarthritis
(OA) is a common cause of an-
terior knee pain, approximately
10-24% of the patients pre-
sented with knee pain shows
various degree of patellofemo-
ral (OA) ranging from low grade
cartilage wear to complete

loss of articular cartilage and
subsequent subchondral bone
pathology (1,2,3), it is shown to
be more prevalent in females
likely due to a higher incidence
of patellar malalignment and
trochlear dysplasia (4,5). (Fig.1)

Patellofemoral (OA) causes
pain and alters normal daily ac-
tivity especially those involving
bending of the knee, climbing
stairs or walking on an inclined
ground. Thus, decreasing func-
tional scores and activity level
particularly in young active
patients (6).

Patellofemoral (OA) can be di-
vided according to the etiology

into four main subgroups with
important clinical relevance
regarding management and
treatments (7) :

e Arthritis on top of dysplas-
tic trochlea with history of
frequent patellar subluxation
causing chondral damage

e Post traumatic arthritis

® Primary arthritis on top of
anatomically normal trochlea
due to probable genetic pre-
disposition for degenerative
joint disease first presenting
at the patellofemoral com-
partment

e Arthritis because of inflam-
matory joint disorders e.g.
chondrocalcinosis

Treatment options includes
operative and non-operative
modalities depending on the
severity of the symptoms,
degrees of chondral damage,
underlying pathology and as-
sociated anatomical abnormali-
ties. Conservative measures
include activity modification,
physiotherapy, taping and
intra-articular injections. Failure
of these modalities to improve
the symptoms and persistent
pain that interfere with daily ac-
tivity is an indication of surgical

OpToneauyeckas xupyprus

[laTennogemo-

panbHas

dpPTpPO-

NnacTUKa: HoOBble
KOHLienLumn

Knto4eBble cnoBa: KoneHHbIi
cycTas, natennogeMopanbHbli
CcycTaB, natennodemopanbHbli
apTpuT, narennodemopanbHas
apTponnacTuka, npote3 HemiCAP,
KOCTHO - XpSLLEBbIE NOBPEXAEHNZ,
TpOXNieapHas aucnnasus, npoTes
HemiCAP Kahuna

ManennogemopanbHblii 0CTeoap-
TpuT (OA) yacTo sBnseTcs npu-
4nHOW 60N B NEpeHEM OTAENE KO-
neHHoro cycTasa. Y okono 10-24%
NauneHToB € 60MbH B KOMEHE Bbl-
SBNSAETCS NaTennoeMopanbHblii
OA pasnnyHoi CTENEHN TIKECTH
0T He6ONLLOr0 XPSILLEBOro U3HOCA
[0 MOSHOM NOTEpU CYCTABHOIO Xpsi-
Lya v nocnegytoLen cybxoHapans-
HOW KOCTHOM naTonorum (1,2,3). Kak
nokasblBaeT NpakTika, OH Yalle
BCTPEYAETCS Y XKEHLUMH, BEPOSITHO,
13-3a 60onee BbICOKOM pacnpocTpa-
HEHHOCTM NATONOTMYECKOr0 CMeLLe-
HUS| HAAKONEHHWKA W TPOXeapHOK
aucnnasum (4,5)(PucyHok 1).

MatennocemopansHbin OA Bbi-
3bIBaeT 60/1b W HEraTMBHO BNUSIET
Ha NOBCEAHEBHYHO AESTENBHOCT,
0C06EHHO CBA3AHHYHO CO Crubanm-
€M KONeHa, NoAbEMOM N0 NECTHMLE
WM XOXKAEHWEM MO HAKNOHHO
MOBEPXHOCTH. [103TOMY MPOMCXO-
IMT CHUKeHWe (hyHKUMOHaNbHbIX
rnokasarteneii 1 ypoBHS akTUBHOCTMH,

0CO6EHHO Y MOSIOAbIX CMIOPTUBHbIX
naumeHToB (6).

MaTennodemopansHbiid OA MOXXHO
pasfennTb, B COOTBETCTBUM C
9TUONOrMEN, HA YEeTbIPE OCHOBHbIE
NOATPYNMbl, YTO MMEET 60MbLLIOE
KIMHNYECKOE 3Ha4eHue 1 onpese-
nseT cTparteruio nevenns (7):

* APTPUT AMCINACTUYECKOrO Cy-
CTaBHOro 6110ka 6eAPEHHON KOCTU
C YacTbIM MOABbLIBUXOM HaAKOMEH-
HMKa B aHaMHe3e, BbI3bIBAOLLWM
noBpeXaeHune xpsia

« [locTTpaBmaTnyeckmen apTpuT

+ [1epBUYHbI apTPUT aHaTOMMYE-
CKW HOPManbHOro 610ka 6eapeH-
HOW KOCTU BCNEACTBME BEPOSTHON
reHeTMuYecKol Npeapacnosno-
XXEHHOCTY K iereHepaTuBHOMY
3a60/1eBaHMI0 CyCTaBOB, BrepBble
BO3HVKLUWIA B HALKONIEHHOM OT-
Lene.

« ApTpuT BCREACTBME BOCNANM-
TeMbHbIX 3a601€BaHMIA CyCTaBOB,
HanpUMeEP. XOHAPOKaNbLMHO3.

BapuanTbl neyenuns BrtouaoT
XMPYPrUYECKME 1 HEXMPYPrudeckue
METO/bI, B 3aBUCUMOCTM OT TSKE-
CTW CUMMTOMOB, CTEMEHN NOBPEX-
AEeHUAXpSiLLA, OCHOBHOW NaTonorum
W CBA3AHHBIX C HEN aHATOMMUYECKMX
aHomanuid. KoHcepsaTuBHble Mepbl
BKJIKOYAL0T MOANMKALMIO aKTUB-
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Fig. 1: High grade patellofemoral
osteoarthritis with complete loss of
joint space

intervention that varies accord-
ing to the degree and extent
of cartilage damage and the
condition of subchondral bone
(8,9,10).

In cases of partial cartilage
damage without exposed
subchondral bone more
conservative surgical options
are indicated including, arthro-
scopic debridement that may
improve mechanical symptoms
caused by unstable cartilage
flaps, cartilage therapy which
is preserved for young patients
with focal lesions including
microfracture, mosaicplasty or
autologous chondrocyte trans-
plantation and anteromediali-
sation osteotomy of the tibial
tubercle that is indicated to
unload distal pole of the patella
(11,12,13).

Patients with high grade patel-
lofemoral (OA) with complete
loss of articular cartilage and
exposed subchondral bone
with severe symptoms affect-
ing daily activity and history

of unsuccessful conservative
treatment are best treated with
replacement procedures either
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patellofemoral arthroplasty
(PFA) or total knee arthroplasty
(TKA).

First generation patellofemoral
arthroplasty reported mixed
data with poor to good sat-
isfactory results and high
revision rates, this may be
related to poor implant design
and improper patient selec-
tion (14,15,16). Due to these
suboptimal results, many
surgeons preferred TKA to PFA
for isolated patellofemoral OA
and reported good results with
TKA (17,18,19).

However, TKA remains an
unfavorable procedure in young
active patients due to high revi-
sion rates and inevitable bone
loss with each subsequent
revision in addition to restricted
post-operative sports activ-

ity (20,21,22). And with the
potential benefits of PFA over
TKA including less blood loss,
shorter hospital stay, preserva-
tion of bone stock and better
functional outcomes, second
generation PFA implants have
been developed which pro-
duced more consistent results

HOCTH, hrU3noTEpanmio, TelnmpoBsa-
HWE 1 BHYTPUCYCTABHbIE MHBEKLINN.
CoxpaHsoLmMincs60neBoit CUHAPOM
W [pyrie CUMNTOMbI, KOTOPbIE Me-
LUAKT NOBCEAHEBHOM aKTUBHOCTMH,
SBNSIOTCA NOKA3aHUEM K XUpypru-
4eCKOMY BMeLLATENbCTBY, 06bEM
KOTOPOro KOTOPOro 3aBUCHT OT
NAowWaam 1 CTenerun NoBPeXAeHus
XpsiLLa 1 COCTOSHNS CyOXOHApans-
Hoi KocTm (8,9,10).

B cnyyasix 4acTM4HOr0 NoBpeXxae-
HUS XpsiLa 6e3 nopaxxeHusi Cy6XxoH-
LpanbHOM KOCTY NokadaHbl 6onee
KOHCEPBAaTUBHbIE XMPYpPruveckue
BapuaHTbl, B TOM YMCHE apTPOCKO-
nuyeckas xmpypriveckas obpa-
60TKa, KOTOPas MOXET YMEHbLMTb
CUMMTOMBI, BbI3BaHHbIE HECTa-
OMNbHOCTBH XPSALLEBbLIX NTOCKYTOB,
XpsilLeBast Tepanvsi, koTopas
NPUMEHSIETCS Y MONOJbIX NaUyeH-
TOB C 04aroBbIMU NOBPEXAEHUSMM,
BKJTHOHAtOLLASH MUKPOPaKTypHpO-
BaHWe, MO3aNYHyH0 MNacTuKy Unm
TpaHcnnaTauuto ayTonoruyHbIX
XOH/JPOLMTOB, a TakXXe NepefHee

- CPEeANHHas ocTeoTOMMUS Byropka
6eipeHHOM KOCTM 115 pasrpy3ku
ANCTanbHOro NOKCa HafKOMNEHHM-
ka (11,12,13).

Y naumMeHTOB € TsHXENbIM naTen-
nochemopansHsiM OA ¢ MONHO#

OpToneauyeckas xupyprus

Puc. 1: Tsxkenbin natennogeMopanbHbli
0CTE0apPTPUT C NOJIHOW NOTepei CycTas-
HOro NPOCTPaHCTBA

noTepeit CyCTaBHOMO Xpsilla u
NoBpeKAEHNEM CYOXOHPabHOM
KOCTU C BbIp@>XeHHbIMW CUMNTOMA-
MM, KOTOPbIE 3HAYNTENBHO YMEHb-
AT NOBCEAHEBHYO aKTUBHOCTb,
nocne HeapheKTUBHON KOHCepBa-
TUBHOM TEPANNUM HaNUMYYLLNM Bapu-
aHTOM JIeYeHUs SBnsAeTCS naten-
nochemoparnbHas apTponiacTuka
(M®A) nnm ToTanbHas apTpockonus
konena (TKA).

lMaTennodgemopansHas apTpo-
NnacTuka ¢ noMOLLbH0 MPOTe308
NepBOro MoKONeHNs nokasana
CMELLaHHbI€ - NI0XVE M YO0BNETBO-
pUTENbHbIE PE3YNbTaThI C BbICO-
KMMM NOKa3aTeNsIM1 PEBU3UOHHBIX
onepaumit. 310 MO0 BbITh CBA3A-
HO C HECOBEPLUEHHON KOHCTPYKLM-
e/ UMNNAHTATOB U HEKOPPEKTHBIM
0T60pOM naumeHTos (14,15,16).
BcnepcTaue aTux cy6onTumanbHbIX
pesynbTaToB, MHOTME XMPYPIH
npeanountan TKA ans n3onmpo-
BaHHOro narennogeMopansHoro
OA v poknagbiBanm 0 XOpoLLnX
pesynbTartax (17,18,19).

Tewm He meHee, TKA ocTaeTtcs
MeHee NpeanoYTMTENBHOM NPo-
Liefypoi Y MOSOJbIX aKTUBHbIX
NauneHToB, 13-3a BbICOKMX NO-
kasaTtenen PeBU3MOHHON XMpypruu
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Fig. 2: Templates used to determine implant size Puc. 2: LLIabnoHbl, ncronb3yemble Ans onpeaeneHns pasmepa uMnaaHTaTa

Fig. 3: Central Kirschner wire application guided by a circular guide Puc. 3: Vicnonb3oBaHue LeHTpanbHoii cnuusl KnpluHepa, Hanpasnsiemon
device KPYroBbIM HANpaBAsLLMM YCTPOUCTBOM
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Fig. 4. Checking proper
implant size using
special sizing device

that had equivalent revision
rates, pain and mechanical
complications when compared
to TKA (23,24,25).

One example of second-
generation inlay PFA is the
HemiCAP® Wave prosthesis
(Arthrosurface, Franklin, MA,
USA). This system uses intra-
operative joint surface map-
ping, three-dimensional socket
reaming and implantation of
contoured inlay components
to more closely reproduce the
geometry of the distal femur
(26). Different trochlear com-
ponents with varying offsets
allow for individualized and
anatomic trochlear resurfacing.
Potential advantages of an inlay
design pros- thesis include less
removal of bone, increased
intrinsic implant stability,
unaltered soft tissue tension
and extensor mechanism and
less risk for overstuffing of the
patellofemoral joint (27,28,29).

With the recent introduction of
a new implant variant (Hemi-
CAP® PF Kahuna) that provides
more proximal medial and later-
al coverage to help guiding the
patella centrally while entering

FlenlsLio)

Medical »emyiHcion

HOOHAN

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

the trochlea it is now possi-
ble to address high grades of
trochlear dysplasia (type B and
D) while keeping the benefits
of the inlay prosthesis.

Recent studies showed im-
proved short-term to mid-term
clinical and functional outcome
and reduced pain after patel-
lofemoral resurfacing using the
HemiCAP-Wave® implant pro-
viding an excellent treatment
for cartilage lesions or isolated
OA in relatively young active
patients with healthy cartilage
in the other knee joint spaces
(26,30,31,32,33).

However, the success of the
patellofemoral arthroplasty
depends on proper patient
selection, having good knowl-
edge about the indication and
contraindications of the opera-
tion as well as careful preoper-
ative evaluation to detect other
anatomical abnormality that
should be addressed either
before or at the same setting
of the arthroplasty.

Indication for PFA:
- Degenerative osteoarthritis
limited to the patellofemoral

1 HEM3BEXXHON NOTEPM KOCTHOM
MacChbl NP1 KaXXAOM NocneaytoLem
BMELLATENbCTBE, B [IONOJHEHMe K
OrpaH1yeHnto nocneonepawmon-
HO CNOPTMBHO AEATENBHOCTH
(20,21,22).

C y4eTOM NOTEHUMANbHBIX MPe-
umyLecTs MNMA no cpaBHeHMIO

¢ TKA, BKNIOHaIOLLMX MEHBLLYIO
noTEePto KPOBW, Bonee KOpoTKoe
npebbiBanme B 60MbHNULE, COXpaHe-
HWE KOCTHOW TKaHM M yyylleHue
(OYHKLMOHANBHBIX Pe3yNbTaTos,
Obinn pa3paboTaHbl MMNNaHTaTbl
BTOPOr0 NOKOMEHMS, KOTOPbIE fanm
6onee cTabunbHble pe3ynbTarhl,
Hanpumep, 3KBUBANEHTHbIE MpU
cpasHeHun ¢ TKA nokasatemnm
PEBW3WOHHOTO BMELLATENbCTBA,
60K 1 MEXAHUYECKMX OCTIOXKHEHNI
(23,24,25).

OnHuM 13 NpUMepoB NPOTE30B
BTOPOro nokonexns ans NMOA
aBnsieTcst umnnanTaT HemiCAP®
Wave (Arthrosurface, ®paHknH,
MA, CLLIA). Ota cuctema npoTesu-
POBaHMWS BKIHOYAET UCMOMb30BaHNe
WHTPaOoMepaLnoHHOro KapTupo-
BaHWs CyCTaBHbIX MOBEPXHOCTEN,
TPEXMEPHOE pacLUMpeHne CycTas-
HOro NPOCTPaHCTBA W UMMNIaH-
TauUMKo KOHTYPHbIX KOMMOHEHTOB
npoTesa ans 6onee AeTansHoro
BOCMPON3BEEHNS FEOMETPUM

OpToneauyeckas xupyprus

Puc. 4: Mposepka
npasuibHOro pasmepa
“MnnaHTaTa ¢ ucnosb-
30BaHNeEM CeLnanbHoro
yCTpoiicTBa

AMCTaNbHOTO KOHLA 6€ APEHHOI
KOCTH (26). Pa3nuuHble Tpoxneap-
Hble KOMMOHEHTbI C Pa3NNYHbIMM
n3rnbamu No3BONSIHOT BbINONHUTDL
WHAMBUMYaNu3MPOBAHHOE M aHaTo-
MMYECKN TOYHOE MOBEPXHOCTHOE
SHAOMPOTE3UPOBAHME.
MoTeHuManbHble NpeuMyLLecTsa
KOHCTPYKLMM NpOTE3a - BKIadbl-
Lua BKJTHOHAKOT B CE6S MEHBLLYH)
Pe3eKLMI0 KOCTH, YBENYEHNE
BHYTPEHHEN CTABUABHOCTI UMMNAH-
TaTa, HopMarnbHbIe HANPSXKEHNE
MSIrKOM TKaHu 1 pa3rubatesbHbli
MEeXaHu3M, a TaK)Ke MeHbLUMIA PUCK
neperpysku natennogemopansHo-
ro cyctasa (27,28,29).

bnaronaps HefasHo paspaboTaH-
HOMY HOBOMY BapWaHTy UMMnaHTa-
Ta HemiCAP® PF Kahuna, koTopbii
obecneunsaeT 6onee NPOKCMarb-
HOe MefimanbHoe 1 natepansHoe
MOKPbLITUE W HANPABNSET KONEHHYIO
yaLleyKy, HaxoasLLyoCs B LEHTPE,
BO BPEMSI CKONbYXXEHNS MO TPOX-
nee, TeNepb MOXHO M3neunsaTb
TSKENY0 TPOX/eapHyHo AUCTNasuto
(Tvna B v D) npu coxpaHeHum Bcex
NPenMyLLECTB 3TOr0 BMAA NpOTe3a.

HenasHve vccnefoBaHns noka-
3aNu yNnyyLlerre KpaTkoCPOYHOro
W CPELHECPOUHOrO KITMHUYECKOrO
W (hyHKLMOHAMNBHOO MCXOLA 1



Orthopedic Surgery

Fig. 5

joint and causing severe
symptoms affecting daily
activity in cases where a
sufficient period of non-op-
erative treatment has been
unsuccessful

Posttraumatic osteoarthritis
affecting patellofemoral joint.
Extensive grade 3 chondrosis
affecting the entire trochlea,
the medial facet, or proximal
half of the patella.
Osteochondral lesions with
failed cartilage therapy or fail-
ure of extensor mechanism
unloading procedures.

Contraindication of PFA:

- Grade Il or more arthritis in-

volving the tibiofemoral joint.

Uncorrected predisposing

factors to tibiofemoral arthri-

tis:

e Uncorrected tibiofemoral
mechanical malalignment

¢ fixed loss of knee range of
movement (minimum of
-10° extension and 110°
flexion)

e Obesity (BMI of > 30 kg/
m?)

Systemic inflammatory arthri-

tis or active infection

Uncorrected patellofemoral
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instability or malalignment
Evidence of chronic regional
pain syndrome or psycho-
genic pain

Preoperative Evaluation:

Careful clinical examination
to be sure that the pain is
exclusively located in the
anterior compartment and
secondary to severe wear of
the patellofemoral joint.
Patellofemoral crepitus, re-
tropatellar pain while squat-
ting or while performing
open chain extension against
resistance and pain during
retropatellar palpation should
be present.

Tibiofemoral joint line ten-
derness or other signs of
tibiofemoral or meniscal pa-
thology should be excluded
together with other causes
of anterior knee pain such
as prepatellar bursitis, pes
anserinus tendonitis, patel-
lar tendonitis, or referred hip
pain.

Patellar tracking should

be carefully examined and
any maltracking should be
documented and planned for
surgical correction.

CHUXeHue 60N1 nocne naTenno-
chemopanbHOro NpoTe3nUpoBaHHst
C UCNnonb3oBaHMEM UMNNAHTATA
HemiCAP-Wave®, obecrneunato-
LLIEro M3NeyYeHe Npu NoBPexae-
HUAX XpsLla unn n3onnpoBaHHOM
OA 'y OTHOCMTESNIBHO MONOABIX

aKTMBHbIX NALMEHTOB CO 3[0POBLIM
XPSILLOM B ZPYroM KOJSIEHHOM cycTa-

Be (26,30,31,32,33).

OpHako, ycnex MOA 3aBucuT 0T
TILATENbHOr0 0T6OPa NALUMEHTOB,
XOPOLLMX 3HaHMIA 06 NOKa3aHusX 1
MPOTMBONOKa3aHMsX K onepauny,
a TaKKe TLaTEeNbHOM Npefonepa-
LIMOHHOW OLIEHKU ANS BbISIBNEHNS
APYTVX aHAaTOMUYECKMUX aHOMamnui,
KOTOpbIE KOPPEKTMPYIOTCS [O Wi
BOBPEMS apTPONNacTUKM.

MokasaHus K NOA

- [lereHepaTuBHbIA OCTE0APTPUT,
OrpaHNYeHHbIA naTennohemo-
panbHbIM CyCTaBOM, Bbl3bIBaKO-

LMW Bblpa>K€HHbIE CUMMNTOMbI, KO-

TOPbIE YXYALIAKOT NOBCEAHEBHYHO
aKTMBHOCTb, B Cyyasx, Koraa
[OCTaTO4YHOE KOHCEPBATUBHOE
neveHue He fano agdexra.

- [ocTTpaBmaTnyeckuii ocTeoap-
TPUT C nopakeHnem nartennode-
MOpaJsbHOro CycTasa.

- O6LLMPHbI XOHAPO3 3 CTeneHu

OpToneauyeckas xupyprus

Puc. 5

C nopaxkeHnem Bcero 6roka
6elpeHHON KOCTH, MeAnanbHOM
(haceToHHON NOBEPXHOCTY WK
MPOKCUMANbHOM NMONOBUHBI KOMEH-
HOM YaLLeyKy.

- OCTEOXOHAPaNbHbIE NOPAXKEHNS

nocne HeaheKTUBHOMN XPSALLEBON
Tepanuv uv npoueayp, Hanpas-
NEHHbIX HA CHUXKEHWe Harpysku
npu pasrubanmm.

MpoTuBonokasaxHus K NMOA
- Aptput Il cTenenu unu 6onee ¢

BOBJieYeHneM Tubrodemopans-
HOro CycTaBa.
HeckoppeKkTupoBaHHble Npes-
pacnonararowye akTopsl K
TM6MOhEMOpabHOMY apTPUTY:

+ HeckoppekTuposaHHoe Tubuo-
(hemopasnbHOe MexaH14ecKoe
CMeLLeHve

+ OukenpoBaHHas noTeps ana-
na3oHa [BWXXEHWs B KONEHE
(MuHMMyM -10° pasrubanme u
110° crubaHue)

+ Oxupenue (MMT> 30 kr/ m?)

CucTeMHBI BOCNAnuUTeNbHbIM

apTPUT NN aKTUBHAS MHCDEKLMS

HeckoppekTupoBaHHas naTenso-

bemoparnbHas HeCTabnnbHOCTb

WK CMeLLeHVe

MoATBEPXKAEHHBIA XPOHUYECKNI

PernoHanbHbIi 601eBOI CUHAPOM

WK NCUXOreHHas 60s1b
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Fig. 6: Reaming the superior and inferior zones through  Puc. 6: Paclunperne BepxHeii 1 HUXXHel 30H Yepe3
the guiding block HanpaensoLLmiA 6510K

Fig. 7: Trial implant and fixation screw placement Puc. 7: MpobHas umnnaHTauns 1 pasmeLLeHne BuHTa



Orthopedic Surgery

Fig. 8: Final implant placement

- Imaging investigations
should include:

e AP and lateral knee radio-
graphs both in extension
and 30° flexion (Rosenberg
or schuss view), to exclude
tibiofemoral degeneration
as well as the presence of
patella alta or baja.

A patellar skyline (axial or
merchant) view to docu-
ment cartilage loss as well
as patellar tracking.
Standing full leg radio-
graphs to rule out tibiofem-
oral malalignment.

CT scan or MRI to evalu-
ate cartilage status, the
tibiofemoral compartment,
lower limb rotational profile
and TT-TG distance.

Surgical procedure:
Anteromedial arthrotomy is
performed.

The size of the trochlear im-
plant is determined by the help
of specific templates that are
used to measure the size of
the central trochlea in both sag-
ittal and coronal planes (Fig.2).
2.5 mm Kirschner wire is
placed in the centre of the
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trochlea by the aid of a circular
guide to define the working
axis. To prevent misalignment,
the circular guide edges must
be exactly at the medial and
lateral trochlea, the anterior
edge of the intercondylar fossa
and the superior cartilage-bone
interface of the trochlea. Any
osteophytes attached to the
condyles and the intercondy-
lar fossa can lead to a wrong
working level and must be re-
moved before reaming (Fig. 3).

Over the placed Kirschner
wire a measuring device is
introduced to confirm the
proper size of the implant
previously determined by the
templates (Fig.4). The different
sizes and offset variants can
be selected according to the
available 8 prosthesis sizes.
Via the central Kirschner wire,
the central defect is removed
with a reamer (35mm) until
the intact subchondral bone

is reached. For a stepless
positioning of the prosthesis,
the reamer should be intro-
duced to a depth allowing the
implant to be placed flush with

lMpeponepaunoHHas oueHKa

- TwaTenbHoe KNMHUYECKMIA
OCMOTP ANS YBEPEHHOCTU B TOM,
4T0 60MNb NOKANW3YETCS UCKMHO-
YMTENBHO B NepeaHeM OTaene
KONeHa v SIBNSIETCS BTOPUYHONM
M0 OTHOLLEHWIO K 3HAYNTENbHOMY
M3HOCY NaTennodemopansHoro
cycTaBa

BbisiBneHve natennodemopars-
HOW KpenuTaumu, peTponaren-
NSAPHOK 60NN B NONOXXEHNM HA
KOPTOYKAX UMW MPK BbINONHEHNM
OTKPLITOr0 NPEPLIBUCTOrO pas-
rmbanus ¢ COMPOTUBREHMEM, 60
BO BpeMSsi PETPONATENNSPHO
nanbnadum.

Nckntouerne 60ne3HEHHOCTM B
o6nactv TMérMoemMopanbHoro
cycTaBa Unm Jpyrux Npu3HakoB
MnaTomnorum MeHNCKOB BMeCTe

C OpyrvMu NpuymHamMm 6onm

B NepefHeM 0Thene KomeHa,
Takux Kak npesnaTennspHbli
6ypcuT, TEHANHUT FYCUHOW Nanky,
naTennspHbIA TEHAMHNT, 607b,
BO3HMKaroLLyto B Befpe.
TiwaTenbHoe U3ydeHne fBUXe-
HWSIM CKOMbXKEHUS HAAKONEHHWKA
1 ONUCaHWE BCEX HapyLUEHWH,
MOANEXALLMX XMPYPTUHECKOA
KOpPEeKLMM.

OpToneauyeckas xupyprus

Puc. 8: PasmelleHne nMnnaHTarta

- BuayanusaumorHble uccnenosa-
HUS:
« [epenHe - 3afHue 1 6OKOBbIE
PEHTTEHOrpaMMbl KOMIEHHOTO
CycTaBa, Kak npu pasrubaHum,
TaK v npu crubanumn 30°(yknaaka
Posen6epra nnm LLycca) ans
WUCKJTOUEHNS fiereHepaTuBHbIX
N3MEHEHNIn TMOMOHEMPPANBHOTO
CyCTaBa, a TaKxxe A NOATBEPXK-
LeHus patella alta unm baja.
["OpM30HTaNbHbIN BUL HAAKONEH-
HUKa (aKcuanbHbIiA UK Jpyrom)
NS ONWUCaHNs NOTepu XpsALLa, a
TaKXX€e NaTonorM4eckoro CMeLLe-
HUS HAAKONEHHWKA NPK LBUXKE-
HUU.
PeHTreHorpamma Bceit KoHeu-
HOCTM B NONOXXEHUM CTOS ANISH
NCKITOYEHNS TMOMOEMOPATBHOTO
CMELLEHNS.
KT nnm MPT ans oueHku cocTo-
SHWS XpsiLa, nonocTu Tubrnode-
MOPaJIbHOro CycTasa, npoduns
BpALLEHNS HUXKHEN KOHEYHOCTH 1
paccTosHus TT-TG (TubuansHas
OyrpucTOCTb - TPOXNEeapHas Bbl-
emMKa)

Xupypruyeckas npouenypa
BbinonHseTcs nepesHee - CpeamH-
Has apTPOTOMMS.

Pasmep TpoxneapHoro umnnasx-
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OpToneauyeckas xupyprus

Patellar instability due to medial
side defeciency

Patella Altawith Caton-
Deschampsindex morethan 1.2

Abnormal TT-TG distance

more than 20 mm

= Tibial tubercle
anterwnediabaton

= MPFL recominaction

* Tiblal tuberche dutabnation

Patellar tilt morethan 20 dogrees  [REEPrreTpmerspgamm

Tibiofemoaral malalignment
with varus or valgus

deformity morethan 5
degrees

Increased femoral internal rotation >
20 degrees

Increased tibial external rotation >50
degrees

* Derguatonal galeotomy

Fig. 9: Treatment algorithm of common abnormalities associated with patel-

lofemoral arthritis

the adjacent normal cartilage of
both trochlear facets. This can
be determined by the aid of the
laser marking on the reamer
handle (Fig.5).

A guide block is installed and
secured by fixation pins. 4
guide blocks are available
which should be appropri-
ately selected according to

the superior / inferior orienta-
tion and correspond with the
superior cartilaginous bone
margin and the anterior edge of
the intercondylar fossa. As the
block is securely and correctly
positioned, osteophytes should
be removed in these regions.
With the circular reamer, the
cartilage is then removed in
the superior and inferior areas
of the guide block to the same
central level (Fig 6).

After removal of the guide
block, a trial implant is inserted.
At this point, it is important to
control the exact height of the
prosthesis. The implant should
lie in the level of the surround-
ing cartilage or slightly lower. If
this has not yet been achieved,

it must be re-reamed to pre-
vent overstuffing in the patel-
lofemoral joint. Afterwards, a
central drill hole for the fixa-
tion screw can be drilled over
a centrally place guide wire
(Fig.7).

Subsequently, the definitive
prosthesis is placed on the
screw (Fig.8). An insufficient
coupling of the screw with
the prosthesis leads to prema-
ture loosening and must be
avoided. The procedure can
be supplemented by a circular
denervation of the patellar
surface with the electrocau-
tery. The indication for resur-
facing the patella is limited to
patellofemoral incongruence
because of severe patellar
dysplasia, focal osteonecrosis
or osteolysis, and subchondral
bone defects. Various patellar
implant surfaces are available
all of them requires reaming
and cementation of the com-
ponent.

Common associated abnormali-
ties that may lead to patellar in-
stability and maltracking should

Puc. 9: AnropnT™ neYeHmns HapyLIeHWH, CBA3AHHbIX C NaTennoeMopanbHbIM

apTpUTOM

TaTa ONPEAEnAETCs C NOMOLLbIO
creumanbHbIX WabyioHoB, KOTOPbIE
UCMONb3YIOTCS ANS M3MepeHns pas-
Mepa LieHTPanbHON YacTyu TPOXnem,
KaK B CarnTTanbHOW, Tak 1 BO
(PpOHTaNBbHOM NockoCTAX (Puc.2).

2,5 MM cnmua KnpluHepa pasmetya-
€TCS B LEHTPE TPOXJien ¢ no-
MOLLbIO KPYroBO/ HANpaBsioLLei
Cnubl, onpesensioLen pabouyyto
0Cb. YT06bI NPEfoTBPATUTDL CME-
LLeHWe, Kpast Kpyroson Hanpasns-
tOLLEI CrnLbl BOMKHBI BbITb TOUHO
Ha MELMaNbHOM M naTepanbHoi
CTOPOHax TPOXJieu, NepeaHem

Kpae MeXMbILLENKOBOW SMKM U

Ha nepefHel KOCTHO - XpsLLEBO
noBepxHoCTH Tpoxnen Jliobble
OCTEO(MTBI Ha MbILLENKaX U B
MEXMBbILLENIKOBON AMKE, MOTYT Mpu-
BECTM K HenpasubHOMY paboyemy
YPOBHIO U AOMXKHbI BbITh YAANEHbI
nepes paclumpenuem (Puc.3).

Hag yctaHosneHHo# cnuuen Kuplw-
Hepa BBOLAMTCS M3MEPUTENBHOE
YCTPOWCTBO ANS NOATBEPXKEHNS
pa3Mepa uMnnaHTaTa, paHee onpe-
AENEHHOro C NOMOLLbIO LIABNoHOB
(Pwc. 4). PasnunuHble pasmepsbl v
BapWaHTbl PacronoXeHns MoryT
ObITb NOA06PAHBI C NOMOLLBIO

UMetoLLmMXcs 8 pa3MepoBs npoTesa.
Yepes LeHTpanbHyto cnvuy Kuplu-
Hepa AedekT xpsLla yaanseTcs ¢
MOMOLLIbO pacLumpuTens (35 Mm) o
HEnoBPEXAEHHOM CyOXOHIPabHOM
KOCTH.

[ins nnaBHOro BeAeHMs NpoTesa
pacLUMpuTENb CNEayeT BBOAUTL

Ha rny6uHy, NO3BONSIOLLYHO pas-
MeLyaTb UMMNAHTAT Ha OAHOM
YPOBHE C PACMonoXeHHbIM PSLOM
HOPMaUbHbIM XPALLIOM 06enX Cy-
CTaBHbIX NOBEPXHOCTEN. Ee MOXHO
onpenennTb C NOMOLLbHO Na3epHON
MapKV1POBKY HA pyyKe pacLumpuTe-
ng (Puc.5).

Hanpasnstowwumin 610K ycTaHasnu-
BaETCS U 3aKkpennisieTcs uKeu-
pyrowmmm wtndptamu. OH JOMKeEH
ObITb COOTBETCTBYHOLMM 06PA3OM
nogo6paH 13 4 ucnonb3yembix
BapWaHToB, B COOTBETCTBUM C
BEPXHEN / HUKHEW OPUEHTALIMEN,

W COOTBETCTBOBATb BEPXHEMY
XPSILLEBOMY KPAK0 KOCTU 1 NepesHe-
MY Kpar MEXMbILLENKOBOW SMKM.
[Mocne TOro kak 6,10k HAAEXKHO U
KOPPEKTHO YCTaHOBIEH, CriedyeT
yaansiTb 0OCTEO(UTHI B 3TO 06-
nactu. Mpu KpyroBoM pacLUMpeHnm
yAAnSeTCs XPSLL B BEPXHEN 1
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Fig. 10: Postoperative
x-ray showing final
prosthesis position

be addressed surgically in the
same setting or before patel-
lofemoral resurfacing (Fig.9).

Postoperative protocol:

- Elastic compressive socks,
leg elevation and cold fomen-
tation.

- Careful monitoring of periph-
eral circulation, motor and
sensory function.

- Postoperative X-ray in 3 A/P,
lateral and skyline position af-
ter drainage removal. (Fig.10)

- Complete passive range of
motion is allowed.

- First 2 weeks post-surgery:
partial weight bearing up to
20 kg.

- Gradually increased weight
bearing depending on pain
tolerance and absence of
knee swelling.

- In case of concomitant recon-
structive surgeries, post-
operative protocol is changed
depending on the nature of
the procedure and healing
progress.
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Conclusion

We believe that patellofemoral
arthroplasty is an effective pro-
cedure in treating high grade
patellofemoral osteoarthritis
that failed to respond to con-
servative measures especially
young adults with high sports
activity that are not yet illegible
for total knee replacements.
The success of the operation
depends mainly on careful
patient selection and address-
ing concomitant abnormalities
leading to patellar maltracking
either before or at the same
setting of the replacement.
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HWXKHE 06M1acTsX HanpaBnSHLEro
6510Ka K TOMY XKe LieHTpanbHOMy
ypoBHto (Puc. 6).

Mocne yaaneHns HanpasnstoLLero
610K yCTaHaBNMBAETCS NPOBHbII
UMNAaHTaT. B 3TOT MOMEHT BaXKHO
KOHTPOMPOBATb TOUHYH) BbICO-

Ty NpoTe3a. MMnnaHTaT JonxeH
NexaThb Ha YPOBHE OKPY>KatoLLero
XpsiLLa uim HeMHOro Huxe. Ecnmn
370 eLUe HeAOCTUrHyTO, ero no-
NOXXeHne He0HX0ANMO CKOPPEK-
TMPOBATb, YTOBkI NPESOTBPATUTL
nepeHanpsbkeHue B cycTase. Mo-
Ce 3TOr0 LiEHTpanbHOe 0TBEPCTUE
AN KPeneXKHOro BUHTa MOXKHO
MPOCBEPANTD Haf LEHTPAmbHO
PacnoN0XXEHHON HANPaBASIOLLEH
cnuuei (Puc.7).

3aTem NpoTe3 pasMeLLatoT Ha BUHT
(puc. 8). HepoctaTouHoe cuenne-
HWE BUHTA C NPOTE30M MPUBOJMT K
MPEXAEBPEMEHHOMY Pa3pPbIXTIEHNIO
KOCTW 1 ero cnepyeT usberarb.
Mpoueaypa MOXeT 6bITb AOMNONHE-
Ha KpyroBoit fieHepBaLmeil nosepx-
HOCTM HA[IKONIEHHMKA C MOMOLLbIO

OpToneauyeckas xupyprus

Puc. 10: Mocneonepauu-
OHHast peHTreHorpaMma,
roKasbIBakoLLAs NooXe-
H1e npoTe3a

anekTpokayTepa. NokasaHus K
MOBEPXHOCTHOMY NMPOTE3MPOBa-
HUIO HALIKONEHHUKA OrPaHN4eHbI
naTennodgemoparnbHbIM HECOOT-
BETCTBUEM W3-32 TSKENOW ANC-
nnasvu HafKoMEHHNKA, 04aroBoro
OCTEOHEKPO3a UMK 0CTE0NN3a, 1
AEeChEKTOB CyOXOHAPANLHON KOCTH.
Mcnonb3aytoTest pasnnyHble UMNnaH-
TaTbl NOBEPXHOCTW HAZIKONEHHMKA.
Bce oHu TpebyloT pacLumpeHms
CYCTaBHOM NONOCTN U LIEMEHTUPO-
BaHWsl KOMMOHEHTA.

ConyTCTBYHOLLME HApYLLIEHMS,
KOTOpble MOTYT MPUBECTY K He-
CTabUNBHOCTY HALKONEHHWKA U
NaTonorMYeCcKOMy CMELLIEHNIO
NPV ABVKEHWM, CNELYET paccma-
TPUBATb C XMPYPrUHECKON TOUKM
3PEHMS B 3TO XK€ BPEMS UMM [0
natennocemMopanbHoro NpoTesu-
posanus (Puc.9).

MocneonepaunoHHbIii NPOTOKON

- HowweHve anacTuuHbIx kKoMnpec-
CMOHHbIX HOCKOB, MOAHATWE HOT U
XONOAHbIE KOMMPECCh!

- TwaTenbHbI MOHUTOPUHT
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OpToneauyeckas xupyprus

nepucepryecKoit LMpKyaLmMA,

MOTOPHO# 1 CEHCOPHOW (PYHKLIMA.
- [ocneonepaumoHHas peHTreHo-
rpachmsi B NepeaHee-3aaHed 1
naTepanbHON NPOEKLNSIX U ropu-
30HTANbHOM MOMOXEHUW Nocne
ynanexus gpexaxa (Puc.10).
Mcnonb3oBaHue nosHOro nacems-
HOr0 ManasoHa [BKeHus
OrpaHunyenne BECOBON HarpysKku
[0 20 Kr B nep.ble 2 Heflenu no-
cre onepawuum
lMocTeneHHO NOBLILLEHME Harpy3-
Ki B 3aBUCUMOCTY OT 60/EBOA
TONEPaHTHOCTM M OTCYTCTBUS
OTEYHOCTY KONeHa.
B cnyvae conyTCTBYHOLLMX
PEKOHCTPYKTMBHBIX Onepauui,
nOCneonepaLmMoHHbIi MPOTOKON
W3MEHSIETCS B 3aBUCMMOCTY OT
XapakTepa npoLeaypbl 1 npoLec-
Ca 32XUBNEHMS

3aknioyeHue

MbI cuuTaem, 4To natennohemo-
paibHas apTponnacTvka SBnseTcs
3pheKTUBHOM NpoLesypo Npu
NEYEHNN TSHKENOro NaTennodemo-
panbHOro 0CTE0aPTPUTa, KOTOPbIN
He 0TBEYAET Ha KOHCEPBATUBHbIE
METO/Ab! Tepanuu, 0CO6EHHO Y
MOM0bIX aKTUBHbIX W CMOPTUBHbIX
NHOLEN, Y HEXEnaTenbHO BbINOS-
HaTb TKA.

YCneLwHoCTb onepauni 3aBucnT,
B OCHOBHOM, OT TLLATENbHOrO
0T60pa NauneHToB 1 yCTPaHeHMs
CONYTCTBYHOLLMX HAPYLLIEHWRA,
MPUBOJALLMX K NaTONOrMYECKOMY
CMELLEHWHO NPKM ABVXKEHUSIX HAL-
KONEHHMKA, B NEPUOL A0 UK U BO
BpEMS! NPOTE3MPOBaHMS.
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The Microbiome: Mukpo6uom:
Central to HumanueHTp 340p0BbA
n bonesHen

Health and
Diseases

Abstract

Until recently, human microbi-
ology was based on the iden-
tification of single microbes,
such as bacteria, fungi and vi-
ruses, frequently isolated from
patients with acute or chronic
infections. Novel culture-
independent molecular bio-
chemical analyses (genomics,
transcriptomics, proteomics,
metabolomics) allow today to
detect and classify the diverse
microorganisms in a given eco-
system (microbiota), such as
the gastrointestinal tract, the
skin, the airway system, the
urogenital tract and others, and
to assess all genomes in these
ecosystems (microbiome) as
well as their gene products.

These analyses revealed that
each individual has its own
microbiota that plays a role in
health and disease. In addition,
they greatly contributed to the
recent advances in the under-
standing of the pathogenesis
of a wide range of human dis-
eases. It is to be expected that
these new insights will trans-
late into diagnostic, therapeutic
and preventive measures in the
context of personalized/ preci-
sion medicine.

Key words: microbiota, fecal
transplantation, inflammatory
bowel disease, obesity, athero-
sclerosis, neurodegenerative
diseases

Introduction

The basic aspects of molecular
and cell biology are not only
integral part of biomedical
research but are also trans-
lated into patient care. Several
global consortia have been
launched and in part completed
during the last decades. All of
them continuously transform
basic biomedical research and
translate into medical applica-
tions and, after evaluation in
randomized clinical trials, enter
clinical practice with a tremen-
dous potential to advance the
diagnosis, treatment and pre-
vention of human diseases.

More than 15 years ago, the
international human genome
organization (HUGO) project
established the complete
sequence of the ca. 3 billion
base pairs that make up the hu-
man genome. Strategies were
developed to globally analyze
genomic DNA sequences as
well as their cell-, tissue- or
organ-specific expression

lepcoHanuavpoBaHHas Tepanus

YEJI0BEKa

Tesucobl

[lo HepaBHero BpemMeHn MUKpPO6HO-
norus Yenoseka 6asmposanach Ha
NAEHTMMKALMM OTAENBHBIX MUKPO-
60B, Takux kak 6akTepuu, rpubbl v
BMPYCbl, KOTOPbIE YACTO BbIAENS-
t0TCS Y NALMEHTOB C OCTPLIMM UK
XPOHUYECKUMI MHADEKLMSMY.
CoBpeMeHHble KynbTypanbHO-He3a-
BMCUMbIE MOMEKYNSIPHbIE B1O-
XMMWYECKME aHanM3bl (reHOMMKA,
TPAHCKPUNTOMMKA, NPOTEOMMKA,
MeTabonoMmka) No3BONSKOT Bbl-
SBNATH M KNacenuhuumpoBaTth
MMKPOOPraH13Mbl B Pa3fnyHbIX
aKoecucTeMax (MMKpobuoTax), Takux
KaK XNy LOYHO-KMLLIEYHbIA TPAKT,
KOXa, CUCTEMA [bIXaTeNbHbIX
nyTen, yporeHnTanbHbIA TPAKT 1
APYruX OpraHax, OLEeHUTb reHOMbI B
9TUX 9KOCUCTEMAX (MUKPOBHMOMBI), a
TaKKe WX reH-MpoayKTbI.

TV aHann3bl NOKA3asu, 4To Y Kax-
[Or0 4enoBeka eCTb CBOS MUKPO-
6uoTa, KoTopas urpaeT 60MbLIY0
POJSb B COXPAHEHNM 3[0POBbS U
passuTum 6onesHeir. Kpome Toro,
OHM NOMOT I NOHSATb NaToreHes
LUMPOKOTO CrekTpa 3abonesaHmii
yenoseka. OXnaaeTcs, 4o aTn
HOBblE Maeu By fyT TpaHchopmMmupo-
BaHbl B AMArHOCTU4ECKME, TEpa-
NeBTUYECKME U NPOUNaKTUYECKNe
METO/bl B KOHTEKCTE NEepcoHa-
NU3NPOBAHHOM / NPELM3NOHHOM
MeZMULIMHbI.

KnioyeBble cnoBa: MUKpo6mo-
Ta, TPAHCNNaHTauns dekanumi,
BOCnanuTensHoe 3abonesanue
KULLIEYHMKA, 0XXMPEHWe, aTepo-
CKNEpO3, HEMpOEereHepaTUBHbIe
3a60/1eBaHms

BeepaeHune

OCHOBHble acneKTbl MONIEKYNSPHON
W KNETOYHOW 6UONOrun SBNSKOTCS
He TOMbKO HEOTHEMNEMOM YaCTbHO
6MOMEINLIMHCKUX UCCTeOBAHNNA,
HO W NMPUMEHSKOTCS ANS NEYeHs
nauveHToB. B TeueHue nocnegHnx
OECATUNETUI ObINN Ha4aThl 1
4aCTUYHO 3aBEPLLEHbI HECKOSBKO
ME>XOyHApOAHbIX MCCes0BaTeNb-
CKWX KOHCOPLIMYMOB.

Bce 0HM HempepbIBHO pa3BuBatoT
6a30Bble 6GMOMEANLIMHCKME UCCne-
LOBaHNA N TPAHCCHOPMUPYHOT UX B
MeJULMHCKME METOAMKM, KOTOPbIE
Mocne OLEHKN B PAHAOMU3NPO-
BaHHbIX KJIMHNYECKMX UCTIbITAHUSX
BHEAPSAOT B KMMHUYECKYHO MPaKTy-
Ky C OFPOMHbIM NOTEHLMANOM AN
YCOBEPLUEHCTBOBAHMWS AnarHo-
CTUKM, NEYEHNS N NPOOUNAKTUKM
3a60neBaHuii YenoBeKa.

bonee 15 net Ha3apg npoexT
«Me>xxyHapoaHas opraHusauns
MO U3y4eHMI0 reHOMa YenoBeka
(HUGO)» onpegenun nomHyto no-
CNefoBaTenbHOCTb 3 MUNMapAOB
nap OCHOBaHWiA, COCTABASOLLNX
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profile in order to utilize these
data from the HUGO project
for research as well as for clini-
cal applications and to define
the functions of newly identi-
fied genes, collectively termed
‘functional genomics’. Using
chips, so-called ‘microarrays’,
thousands or ten thousands

of single-stranded DNA spe-
cies, reverse transcribed RNA
(cDNA) or oligonucleotides of
known sequence can provide a
global gene (genomics), gene
expression (transcriptomics,
proteomics) or metabolite (me-
tabolomics) profile (‘signature’)
that is characteristic for the
disease of individual patients,
including its natural course/
prognosis and response to
therapy.

In 2005 the international hap-
lotype map (HapMap) project
was initiated to identify, based
on genome-wide association
studies (GWAS) in ethnically
different populations, single
nucleotide polymorphisms
(SNPs) and their association
with specific human diseases
and individual phenotypic
characteristics, respectively
(1, 2). Through GWAS an
increasing number of gene
loci have been identified that
are associated with individual
(future) phenotypic traits, such
as hair or eye color, height,
body mass index and others
as well as with the disposition

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

to develop a specific disease
(1, 2). Further, genetic vari-
ants are associated with the
individuals’ response to drug
treatment, e.g., to lithium (3).
Overall, GWAS allow an in-
creasingly better understanding
of disease pathogenesis and a
more accurate assessment of
the individual risk to develop a
specific disease. Clinically, this
may eventually translate into
clinical advances in disease
prevention, early diagnosis and
therapy. It should be cautioned,
however, that the contribution
of a defined SNP to the risk

for a given disease must be
weighed against established
clinical parameters and needs
to be carefully evaluated before
entering clinical practice.

Review

The Human Microbiome
Project

The human microbiome project
(HMP) was established as an-
other global consortium (4-8).
The HMP and the ‘Metagen-
omics of the Human Intestinal
Tract (Meta-HiT) Consortium
Europe’ aim at the sequencing
of all microbes (eukaryotes,
archaea, bacteria, viruses) that
inhabit specific body sites,
such as the mouth, throat and
airways, stomach and intes-
tine, the urogenital system and
the skin, respectively. Recent
data demonstrate that specific
compositions of the microbial

4enoBeyeckuii reHoM. bbinn pas-
paboTaHbl cTpaTerm ans o6Luero
aHanusa nocnefoBartenbHoCTeN
reHomHon [HK, a Takxe ux kne-
TOYHOW, TKAHEBOW WU OpraHHoM
9KCMPEeCccHm Ans UCnosnb30BaHms
LanHbix 13 npoekta HUGO ans
uccnesoBaHnin, a TakxKe ANs KIuHU-
Y4eCKoro NPUMEHEHs 1 onpeaere-
HUS DYHKUMA MAEHTMMUMPOBAH-
HbIX FEHOB, YTO B COBOKYMHOCTY
Ha3bIBAETCA «(PyHKLMOHANEHON
FEHOMMKOMN>.

Mcnonb3oBaHe YMnoB unm Tak Ha-
3bIBAEMbIX «MUKPOUMMOB», ThICAY
WK BECATKOB ThICAY OAHOLENoYeY-
Hbix BuaoB JHK, o6paTHoi TpaHc-
kpubupyemon PHK (kAHK) nnm
OJIMrOHYKNEOTU0B B 3BECTHON
nocnefoBaTesNbHOCTH, N03BONSET
BbISIBUTb FeH (FeHOMMKa), 3KC-
NPECCUo reHa (TPaHCKPUNTOMMKA,
NPOTEOMMKA) UM METABONMHECKNIA
(MeTabonomuka) npocpamnn («nop-
MnCb»), XapakTepHble ans 3abo-
neBaHns OTAENbHBIX NaUUeHTOB,
BKIT0Yas €ro TeYeHNe / MporHo3 1
OTBET Ha Tepanuo.

B 2005 rony Ha 6a3e uccnenosa-
HWI NONTHOrEHOMHBIX accounaLmi
(GWAS) B aTHMUYECKM pasHbIX
nonynsaunsx, 6s11 MHULMMPOBAH
MEeXZyHapOAHO NPOeKT «Kap-
Ta rannoTunos (HapMap)» ans
Onpeaenexus 0fHOHYKNEeOTUAHbIX
nonumopdnamos (SNP) 1 nx
accoumaumm ¢ onpeLeneHHbIMAN
3a60/1€BaHNAMM YeN0BeKa U UHAN-
BUAyanbHbIMW (DEHOTUMNYECKNMM
xapakTepucTukamu (1,2).

C nomoubto GWAS 6bIn10 naeHT-

lepcoHanuavpoBaHHas Tepanus

(hMUMPOBaHO el 6obLUIee Yncno
TIOKYCOB €HOB, KOTOPbIE CBA3aHbI
C MHAMBUAYambHbIMK (BYByLLIMMN)
(hEHOTMNNYECKUMM NPU3HAKA-

MM, TaKUMK KaK LUBET BOJIOC Min
rnas, pocT, MHAEKC Macchl Tena u
ApYrMK, a Takxe C Npeapacnono-
XXEHHOCTbIO K pPa3BUTHIO OMpese-
nexHoro 3abonesanus (1,2). Kpome
TOr0, FEeHEeTUYECKME BapuaLmm
ObINIM aCCOLMMPOBAHbI C OTBETOM
WHAMBMAYYMOB Ha NEKApPCTBEHHOE
neyeHune, Hanpumep, uThem (3).

B uenom, GWAS nossonset nyuwe
NOHWMATb NaToreHes 601e3HM 1
NPOBOANTb 601E€ TOUHYH) OLIEHKY
WHAMBMAYaNbHOTO PUCKA Pa3BUTUS
onpenenexHoro 3aéonesaxms. Knu-
HUYECKM 3TO MOXKET, B KOHEYHOM
utore, 06ecneymnTb NPOUNaKTMKy
3a60N€BaHuiA, PaHHIOK [NarHoCTH-
Ky W Tepanuio.

OpHako, cnefyeT noHUMaTb, YTO
BnusiHWe onpedeneHHoro SNP Ha
PUCK Pa3BUTUS LAHHOTO 3a60re-
BaHWs JOMKeH ObITb B3BELLEH C
YUYETOM XapakTePHbIX KIMHNYECKMX
MPU3HAKOB W LOMKEH ObIThb TLUA-
TEMbHO OLEHEH A0 NMPUMEHEHMS B
KIMHUYECKOW MPaKTUKE.

0630p

NpoekT Mukpobuom Yenoseka
MMpoekT Mukpobuom Yenoseka
(HMP) 6b1n co3faH kak eLe oOfuH
MeXyHapOAHbIA KOHCOPLMYM (4-
8). Lens HMP u EBponeiickoro kok-
copumyma «MeTareHommka KuLLey-
HOro TpakTa Yenoseka»(Meta-HiT)
- CEKBEHMPOBAaHue BCEX MMKPO6OB
(aykapuoToB, apxeeB, 6aKTepuil,
BUPYCOB), KOTOPbIE 0BUTALOT B
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Table 1: Functions of the intestinal
microbial community in human health
(examples)

community are associated
with health and disease (4-8)
and suggest that the detailed
characterization, function and
variation of the microbial com-
munity will reveal important
insights into host-microbe

as well as microbe-microbe
interactions with diagnostic,
therapeutic and preventive
implications (9, 10).

While the HMP has meanwhile
developed into a major field of
biomedical research, the intes-
tinal microbial community in
particular has turned out to play
a major role in human health
and disease pathogenesis as
will be discussed in more detail
below (11).

The Intestinal Microbial
Community

In recent years the intestinal
microbial community has been
studied in great detail. It rep-
resents a microbial ecosystem
consisting of trillion micro-

bial cells with an aggregate
9.9 million microbial genes
across the fecal microbiome
(12). While until recently, the
environment in utero has been
considered sterile, DNA-based
analyses identified bacterial
species in maternal placenta,
amniotic fluid and meconium.
The colonization of the human
gut begins at birth with a rapid
expansion of bacterial diversity
and is characterized by a suc-
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Functions of the Intestinal Microbial Community
in Human Health (examples)

Host Physiology
Adaptive immunity
Autoimmunity
Innate immunity
Cell proliferation
Bone density
Vascularization
Neurological signalling

Biosynthesis
Neurotransmitters
Steroid hormones
Vitamins

Metabolism
Dietary components
Bile salts
Drugs
Xenobiotics

cessively changing composi-
tion that eventually becomes
relatively stable in adulthood
(13). While the specific microbi-
al species and subspecies and
their proportions vary greatly
from person to person the
individual microbiome is unique
and becomes more diverse in
the elderly.

Important factors for the com-
position of the intestinal mi-
crobial community are endog-
enous and exogenous factors
(14, 15). Examples are mode of
delivery of the neonates, diet
(dietary supplements, breast-
feeding, formula-feeding), and
xenobiotics, including antibiot-
ics and other drugs (16-19).
Further, infections and expo-
sure to environmental microbial
agents are established risk
factors for childhood diseases,
such as obesity and allergy (20,
21). Recent evidence further

References

(48)
(49)
(50)
(51)
(18)
(52)
(53)

onpedeneHHbIx 06nacTsx Tena
4enoBeKa, Takux Kak poT, ropno

W ObIXaTeNbHbIE MyTH, XXEeNyoK U
KWLLEYHUK, MOYENOnoBas cucTeMa
W KOXa.

HepaBHO nonyyeHHble AaHHbIe Mo-
ka3blBatoT, 4TO COCTAB MUKPOBHOrO
co06LLecTBa acCOLMMPOBaH C NOA-
[ep>XaH1em 3L0p0Bbs 1 pPasBUTMEM
6onesHeid, M NPeANONararT, 4To
€ro0 NoApOo6HbIE XapakTePUCTUKH,
(PYHKLMM 1 Bapuauum coctasa OT-
KpbIBAIOT BAXKHYH MHAOPMALMIO O
X0351eBax MUKpOOOB, a TaKXXe B3a-
WMOLENCTBUAX MUKPOBOB MeXay
COB0M, YTO MOXKHO MCNONb30BaTH
C AMarHoCTUYECKUMU, TEPANEBTH-
YECKMMM 1 MPOHUNAKTUHECKMH
uenamu (9,10).

B 10 Bpems kak HMP cTan
OCHOBHO¥ 06/1aCTbt0 6MOMEANLIMH-
CKWX MCCNELOBaHNN, MUKPOGHOE
CO06LLECTBO KULLEYHMKA Ha4ano
WrpaTh BAXXHYH POfb B U3yUYEHUM
310p0Bbst HYeNoBeKa M naToreHesa
3aboresanuii, 0 YeM noapobHee
OyfieT ckasaHo Hike (11).

lepcoHanuavpoBaHHas Tepanus

Tabnmua 1: Ponb KMLWEYHOro MUKPOGHOTO
co06LLecTBa B NOALEPXKaHUN 3[0POBbLS
yenosexa (mpumepsb!)

Mukpo6Hoe coobLyecTBo
KULIEYHUKA

3a nocnegaHue rogbl MUKPOBHOE
COOGLLECTBO KMLLEYHMKA U3Y4EHO
04eHb noapo6Ho. OHO NpeacTas-
nseT co60i MUKPOBHYHO IKOCUCTE-
MY, COCTOSILLYIO U3 TPUI/IMOHOB
MMUKPOGHbIX KNEToK ¢ 9,9 Munmuo-
Hamn MUKPOBHbIX FEHOB B (hekasb-
HOM MUKpOBuOMe (12).

HecMOTps Ha T0, 4TO 0 HEiABHErD
BPEMEHY Cpeda B MaTke cuuTanach
CTepWSIbHOM, aHamnn3 Ha 0CHOBE
OHK vaeHTdmumposan 6aktepum
B MaTEPUHCKOI NnaLeHTe, aMHKo-
TUYECKOMN XXMAKOCTY 1 MEKOHUYME.
KonoHuaaums kuiueyHuka YyenoBeka
OaKTepusAMM HAUYNHAETCS C POXKaE-
HUS C BbICTPbIM YBENNYEHNEM WX
pa3Hoo6pasus, 1 XxapakTepuayeTcs
MNOCTENEHHO MEHSIOLMMCS COCTa-
BOM, KOTOPbI#A CO BPEMEHEM CTaHO-
BMTCS OTHOCUTENBHO CTAOMMbHBIM
BO B3POCNOMA XU3HM (13).

B T0 Bpemst Kak onpefeneHHble
BMAbI M NOABUALI MUKPOBOB M UX
MPONOPLMK CUNbHO BAPLUPYHOT OT
4enoBeka K YenoBeky, MHANBK-
AyanbHbld MUKPOGMOM SBASETCS
YHUKaNbHBIM M CTaHOBMTCS 6onee
Pa3Ho06pPasHbIM Y NOXMIbIX
nofein.

BaxxHbIMW hakTopamm ans coctasa
MMKPOGHOrO COOBLLECTBA KULLEY-
HUKa SBASIKOTCS SHAOTEHHbIE W
9K30reHHble Bo3aeiicTauns (14,15).
[Mpumepamm sBNSOTCA CNocob
poJopaspeLLeHnst y MnajeHLes
AveTa (OneTuyeckue Jobaskm,
KOPMIEHME rPyabt, KOPMIIEHKe
CMECSIMM) 1 IPUMEHEHME KCEHOOU-
OTWKOB, BKJIKO4ast aHTUBMOTUKM 1
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Table 2: Disease associations with
the intestinal microbial community
(examples)

suggests that human genetic
variation also influences the
abundance of specific mem-
bers of the intestinal microbial
community (22).

Taken together, the emerging
data suggest that the detailed
characterization of the human
intestinal microbiome compo-
sition, function and variation
across different body sites
will reveal important commen-
sal host-microbe as well as
microbe-microbe interactions
that may play a role in human
health and disease.

In view of the numerous and
diverse physiological functions
of the intestinal microbiota in
human health (Table 1) it is
not surprising that it is also
involved in gastrointestinal as
well as non-gastrointestinal
diseases, such as obesity/
metabolic syndrome, and ath-
erosclerosis/ cardiovascular as
well as neurologic/ psychiatric
diseases and neurodegenera-
tive diseases, making it one of
the most dynamic current top-
ics in biomedical research (Ta-
ble 2). In the following, a few
examples will be discussed in
more detail.

Inflammatory Bowel
Diseases and Colon Cancer
The inflammatory bowel
diseases (IBD) in humans
include ulcerative colitis (UC)
and Crohn disease (CD). These
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Disease Associations with the Intestinal Microbial
Community (examples)

Allergies/ Allergy protection

Atherosclerosis/ Thrombosis/
Cardiovascular Disease

Cancer

Diabetes mellitus

References
(21, 49, 54-56)
(39-41, 57-60)
(61, 62)

(35, 63)

Immune-Mediated Inflammatory Diseases

- Inflammatory bowel diseases
- Multiple sclerosis

- Rheumatoid arthritis

- Psoriasis

Kwashiorkor

Liver Diseases

Metabolic Syndrome/ Obesity

(24, 25, 28, 29, 64, 65)
(66, 67)

(68)

(69)

(36, 37)

(70, 71)

(34, 72-75)

Neurodevelopmental, psychiatric and

neurodegenerative diseases
- Autism
- Depression

- Alzheimer’s Disease, Parkinson’s Disease

are characterized by inflam-
mation limited to the mucosal
layer of the colon in UC and the
transmural involvement of the
gastrointestinal tract, includ-
ing extraintestinal sites in CD.
While the pathogenesis of IBD
is not fully understood (23),

it is clear that its pathology
depends among others on the
intestinal microbial community
(24, 25). Further, a case-control
study identified ‘IBD-specific’
alterations of the intestinal
microbiota that may serve as
biomarkers for the prediction of
disease predisposition, activity/
severity and responsiveness to
therapy (26, 27).

Host genes with effects on

the composition of the intes-
tinal microbiota are a among
others the IgA locus and the

(42, 76)
(42,77)
(42, 46, 47,78, 79)

apyrue npenapatbl (16-19). Kpome
TOr0, MHCHEKLMS W BO3LENCTBME
MMKPOOPTaHN3MOB OKPY>KatoLLeit
cpefbl SBAAKOTCS hakTopamu pu-
CKa Ans pa3suTus Takux 6onesHen
[ETCKOro BO3pacTa, Kak 0XXuUpeHue
v anneprus (20,21). HegasHo nony-
YeHHble JaHHble CHOBA NOKa3blBa-
10T TO, YTO Y YENOBEKA rEHeTUYE-
CKas Bapuauus Takke BMSIET Ha
YUCTIEHHOCTb YIEHOB MUKPOBHOTO
co06LLeCcTBa KULLEYHMKA (22).

B COBOKYMHOCTW HOBEHLLME aHHbIE
CBUAETENbCTBYIOT O TOM, YTO NOS-
po6Has xapakTepucT1ka cocTasa

W (OYHKLMA MUKPOBMOMA KULLIEY-
HUKa YenoBeKa, ero Bapuauni Ha
PasHbIX y4acTkax, NokasbisaeT
Ba)KHblit CMMEMO3 MUKPOOPraHU3Mm-
XO035MH, @ TaK>Ke MUKPO6MOnoru-
YeCKMe B3aMMOJENCTBNS, KOTOPbIE
MOTYT MrpaTb pofib B MOALEPXKAHUN
310POBbSA W Pa3BUTUK 6ONE3HEN ¥
4yeroseka.

lepcoHanuavpoBaHHas Tepanus

Tabnmua 2: Accoumaums 3aboneBanuii
C KMLIEYHbIM MUKPOBHBIM COOBLLECTBOM
(MpumMepb)

[Mp1HAMAs BO BHUMAHWE MHOTO4MC-
NEHHbIE U pa3Ho0bpasHble hunano-
NOrMyecKkme YHKLMN KLLEYHON
MUKPOBUMOTbI B NOAAEPKAHNM
340poBbs YenoBeka (Tabnuual),
HEYAMBMTENBHO, YTO OHA TaKXe
BAMSIET Ha pa3BuTHE Xenyaoy-
HO-KMLLIEYHBIX 1 HE XXEeNyA04HO -
KMLLEYHbIX 3a60NEBaHMI, Takune Kak
OXMpEHue / MeTaboNMUECKMIA CUH-
APOM 1 aTePOCKIEPO3 / CEPAEUHO-
COCYyAuCTble 3a60NeBaHus, a Takxe
HEBPOJIOrMYECKMNX / NCUXUaTpuye-
CKuex BonesHei 1 HempoLereHepa-
TUBHbIX 3a60NEBAHNIA, YTO AenaeTt
€€ 0JHOM M3 CaMblX aKTyanbHbIX
Tem B 6MOMEAMLMHCKMX MCCNEAOBa-
Husx (Tabnuua 2). B ganbHeiiwem
HECKOJbKO NpUMeEPOB By Ay T pac-
CMOTPeHbI 60n1ee Noapo6Ho.

BocnanutenbHble 3aboneBaHus
KULIEYHUKA W paK TONCTOM KULIKU
BocnanutenbHble 3abonesanms
KkuweyHvka (B3K) skntovatot
A3BeHHbINA komT (1K) 1 60ne3Hb
KpoHa (BK). OHu xapakTepusytoT-
51 BOCMaNeH1eM, OrpaHnyeHHbIM
CM3NCTBIM 060NOYKOM TONCTON
KuLwku npu 5K, 1 TpaHCMypanbHbIM
MOPaXKEHNEM XXENYLOUHO-KM-
LIEYHOrO TPAKTa M BHEKULLEYHON
nokanu3aumen npu bK.

HecmoTps Ha T0, natoreHes B3K
OMMCaH He NOSIHOCTBH), YXKE SCHO
(23), 4TO OH 3aBMCHMT U OT KULLIEYHO-
ro Mukpo6Horo cooblyectsa Kpome
TOr0 (24,25), B UccneaoBanum chy-
Yait-KOHTPOb ObINW ONPeaeneHbl
«B3K -cneundmyeckne» nameHe-
HUS KULLIEYHOU MUKPOBMOTbI, KOTO-
pble MOTYT CAY>XWTb BromMapkepamu
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HLA genes as well as the
defensin genes, the NOD2
gene, the resistin-like molecule
beta gene, the apolipoprotein |
gene, the MEFV gene and the
myeloid differentiation primary
response protein 88 gene. The
three components - environ-
ment, host genetics and the
microbial community - interact
to maintain homeostasis in the
intestine (5). The disruption of
the stability of this interaction
may be a trigger for disease
development. Two recent publi-
cations shed a new light on the
pathogenesis of IBD through
the change of the intestinal
microbial composition involv-
ing two different pathways:
helminth infection (28) and
lipocalin-2 expression (29),
respectively.

Helminth infection, microbial
community and IBD. Epide-
miologic studies demonstrated
a major increase of the inci-
dence of IBD in the developed
world, suggesting a change

in the environment, including
an alteration of the intestinal
microbiome (30) and a de-
creased exposure to intestinal
parasites, such as helminths
(31). In mice deficient for the
CD susceptibility gene Nod2
(Nod2-/- knockout) (32) it could
be demonstrated that small
intestinal abnormalities develop
in the face of a sustained colo-
nization with the inflammatory
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bacterium Bacteroides vulga-
tus, an ubiquitous member of
the intestinal microbial com-
munity (33). Chronic infec-
tion of Nod2-/- mice with the
parasitic worm Trichuris muris,
however, inhibited colonization
with inflammatory Bacteroides
species and promoted the
establishment of a protective
microbial environment enriched
in Clostridiales (28). Further,
the authors demonstrated that
individuals from helminth-en-
demic regions harbour a similar
protective microbial community
and that deworming treat-
ment reduced Clostridiales
and increased Bacteriodales,
resulting in an increased |IBD
incidence. These data sup-
port the ‘hygiene hypothesis’
whereby certain individuals are
genetically susceptible to the
consequences of a changing
intestinal microbial community
that favors IBD development
IBD.

Lipocalin-2 protection from

IBD and colon cancer. Lipoca-
lin-2 (Lcn2) is an antimicrobial
peptide with high mucosal and
fecal concentrations in patients
with IBD. It is produced by
various cell types, including
epithelial cells, and acts as an
antimicrobial defense me-
diator by binding to a subset
of bacterial siderophores,
thereby preventing bacterial
iron acquisition and growth of
siderophore-dependent strains.

AN NPOrHO3WPOBaHNS NPEAPacno-
NOXEHHOCTY K 3a00M1EBaHMIO, €ro
aKTUBHOCTM / TSXKECTM M peakumu
Ha Tepanuio (26,27).

["eHbl X035MHa, BAUSIOLLME Ha
COCTaB MUKPOBMOTbI KULLEYHWKA,
BKJIOYAIOT NOKYC IgA 1 renbl HLA,
a TaKxXe reHbl jeheHsnHa, reH
NOD2, 6eTa-reH pesucTuHonoaoo-
HO MOJIEKYTTbI, FEH anoaMnonpo-
TeuHa |, reH MEFV u reH 6enka
NEPBUYHOr0 0TBETA MUENOMAHOM
anchdepeHumpoBsku 88.

Tpw KOMMOHEHTA: OKPYXXatoLLas
cpefa, reHeTMka Xo3amHa u
MUKPOGHOE CO06LLECTBO B3au-
MOZENCTBYIOT A1 NOAAEPKAHNS
roMeocTasa B KuLeyHuke (5).
HapyLueHue cTabunbHOCTH 9TOro
B3aMMOJENCTBUS MOXET CTaTb
TpUrrepoM pas3suTus 6onesnu. [se
HeaaBHue ny6aukauuv NpoaMN Ho-
Bblii CBET Ha naToreHe3 B3K nyTem
U3MEHEHMS MUKPOBHOTO CoObLLe-
CTBA KWLLEYHMKA C y4aCTUEM [iBYX
pa3HbIX (hPaKTOPOB - reNbMUHTHON
MHApEKLMK (28) W akenpeccum nuno-
kanuHa-2 (29).

[enbMUHTHAs UHAEKLMS, MUKPOO-
Hoe coobuectBo v B3K.
ONMAEMWUONOTNYECKMe uccne-
[0BaHWs NPOAEMOHCTPUPOBANK
3HaUMTENBHOE YBEMYEHWe 3a-
6onesaemoctv B3K B passuTbix
CTpaHax, npeanonaras U3MeHeHue
OKpy>XaroLLen cpefbl, BKoYas no-
BPEXAEHNE MUKPOBUOMA KMLLeY-
HWKA 1 CHUXKEHWE BO3LENCTBUS Ha
KULLUEYHbIE NapasuThl, TAKUX Kak
renbMuHTbI (31).

Ha Mbiwax ¢ aeuumToM reHa Boc-

lepcoHanuavpoBaHHas Tepanus

npunmumnsocTn CD Nod2

(Nod2-/- HokayTMpOBaHHbIi)(32)
MO>KHO 6bI10 MPOAEMOHCTPUPO-
BaTb, YTO HEGOMbLLME KULLEYHbIE
aHoManuu pas3srBaKoTCS Npy
ANUTENBHON KOMOHM3aLmMK Bocna-
nuTensHoN 6akTepueit Bacteroides
vulgatus, y6uKBUTaPHbIM YNIEHOM
KMLLEYHOTO MUKPOBHOr0 COo0bLLe-
cTBa (33). XpoHnyeckas uHhexums
napasuTiyeckum Yepsem Trichuris
muris y Nod2-/- MblLLei, 0fHaKo,
Obina MHrMbrpoBaHa ¢ NOMOLLbHO
KONOHW3aUMW BOCNANMTESNbHbIMM
Buaamu Bacteroides v cnoco6-
CTBOBaNA CO3[aHNI0 3aLLMTHOM
MUKPOGHOM Cpefbl, 060raLLeHHOMR
Clostridiales (28).

Kpome T0ro, aBTopbl NPOAEMOH-
CTPUMPOBANK, YTO Y NUL| U3 peruo-
HOB, SHAEMMYHBIX MO FeNIbMUHTO3Y,
€CTb aHaNOrMyHoe 3aLnNTHOE
MUKPOBHOE COOBLLECTBO, U UTO
[EreflbMUHTHOE NEYEHNE YMEHb-
waet Clostridiales v ysenuunsaet
Bacteriodales, 4to npuBoauT K
YBENMYEHNO 3a6011eBAEMOCTH
B3K. 31 paHHble noaTBEPXAA-
tOT «TUTMEHNYECKYD» TUMOTESY,
Mp¥ KOTOPO# HEKOTOPbIE NKOAN
FEHETNYECKN BOCTIPUMMUMBBI K MO-
CNEeACTBUAM U3MEHEHNS KULLEYHOrO
MMKPOGHOr0 COO6LLECTBA, KOTOPOE
cnocobeTByeT pa3suTiio B3K.

3awwra aunokanuHom-2 o1 B3K n
paka TONCTOM KULLKK.
Jlunokanuh-2 (Len2) - 310 aHTu-
MUKPOGHbI NENTIE, C BbICOKON
KOHLIEHTPALMEN B CAIN3NCTBIX 1
tbekanmsx y naumeHTos ¢ B3K.
OH npoayumMpyeTcs pasnnyHbIMu
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Fig. 1: The intestinal microbial
metabolite trimethylamine (TMA)
and the atherosclerosis/ throm-
bosis risk (40)

While it has been implicated

in several biologic processes,
such as acute phase response,
erythropoiesis and iron me-
tabolism, its functional role in
contributing to IBD develop-
ment remained unclear.

To decipher the role of Lcn2 in
colon inflammation, mice dou-
ble deficient in Lcn2 and IL-10
(Len2-/-/ IL10-/- double knock-
out) were generated and com-
pared to single knockouts and
wild-type animals. The experi-
mental data indicate that Lcn2
expression protects from early
onset colitis and the spontane-
ous emergence of right-sided
colonic tumors that result from
IL-10 deficiency. The inflamma-
tion is driven by IL-6 which also
controls tumorigenesis.

The Len2-/+/ IL10-/- double
knockout mice showed major
alterations of their intestinal
microbial community, es-
pecially with respect to the
facultative pathogenic Alistipes
spp. These contribute to in-
flammation and tumorigenesis
as shown by the stool trans-
plansplanation from individuals
with the phenotype and by

the protection through antibi-
otic therapy. Taken together,
the authors demonstrate that
Lcn2 protects against intestinal
inflalmmation and tumorigen-
esis in the face of an altered
intestinal microbial composition
(29).
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Recently, it was discovered
that the probiotic Lactobacillus
casei strain ATCC 334 pro-
duces ferrichrome that inhibits
colon cancer progression by
apoptosis mediated through
the c-Jun N-terminal kinase
pathway, possibly represent-
ing a novel tumor-suppressing
strategy.

Obesity

Obesity (34), insulin resistance
(35) and khwashiorkor (36,

37) are examples for which a
correlation between microbial
dysbiosis and the clinical state
has been demonstrated. Fur-
ther, in genetically susceptible
hosts, the transplantation of
fecal microbiota from healthy
donors to patients resulted

in clinical improvement (38).
The underlying concept is a
‘common ground hypothesis’

TUNaMM KNETOK, BKAKOYAs anuTenu-
albHble KNeTKu, 1 AeNCTBYET KaK
MPOTMBOMMKPOOHBIA 3aLNTHBIN
MeauaTop NyTeM CBA3bIBAHMS C
cybnonynsumneit 6akTepuanbHbIx
CUAEepOchopoB, YTO NPeAoTBpaLLaeT
nornoLLeHre 6akTepusiMn dxenesa u
POCT 3aBUCUMbIX OT CMAEPODOPOB
LUTaMMOB.

HemoTpst Ha To, 4T0 3T0 Habnto-
[anoch Mpu HECKOSbKNX B1OSI0-
TMYeCKUMM MPOLIeCCaXx, Takmx Kak
ocTpas (pa3osas peakuus, 3puTpo-
noa3 1 MeTabonnam xenesa, ero
(hYHKUMOHANbHAS PONb B COAEN-
cTBun pa3suTuo B3K octaBanach
HEsICHOM.

Y106bI packpbITh posib Len2 B
BOCMaNEHNM TONCTON KULLIKK,

Ob1nM MONYYEHbI MbILIK C JBOWHBIM
pecovumtom Len2 m IL-10 (Len2-/- /
IL10-/- BBaXXAbl HOKAYTMPOBAHHbIE)
1 NPOBEAEHO CPABHEHME C HOKayTH-
POBAHHbLIMMW MbILLAMW W XXMBOTHbI-
MW IMKOrO TWna.

lepcoHanuavpoBaHHas Tepanus

Puc. 1: KuwweyHblit MUKpOOHbIN MeTa-
6onmT TpumeTunamut (TMA) 1 puck
aTepocknepo3a / Tpom6o3a (40)

kcnepuMeHTanbHble AaHHble
YKa3blBaOT Ha TO, YTO IKCpeccust
Lcn2 3awmiyaeT 0T paHHero Hava-
& KONMTa M CMOHTAHHOr0 Pa3BuUTHS
NPaBOCTOPOHHEN OMYX0M TONCTON
KULLKW, 4TO ABASIETCS CNEACTBUEM
pecouumra IL-10.

Bocnanenue ctumynupyertcs IL-6,
KOTOPbIA TaKXXe KOHTPOAMpyeT
reHes onyxomnu. Y Len2-/- / 1L10-/-
ABaX bl HOKAYTUPOBAHHbIX MbILLEN
ObInM 06HAPYKEHbI 3HAYUTESBHBIE
N3MEHEHUS! B MUKPOGHOM CO-
06LLECTBE KULLIEYHMKA, 0COBEHHO

B OTHOLLEHUM (haKyNbTaTUBHbIX
natorexHbIx Alistipes spp. 910
Cnoco6CTBYET BOCMANEHMIO U
Pa3BUTHIO OMYXOJW, KaK NOKA3aHOo
C MOMOLLbIO TPaHCNNaHTauUum exa-
NViA OT NIOAEN C COOTBETCTBYHOLNM
(HEHOTMMOM, W C NMOMOLLbIO aHTH-
bakTepuanbHon Tepanuu. B coo-
KyMHOCTW aBTOPbI AEMOHCTPUPYHOT,
4T0 Len2 3alMiaeT KMLWEeUHNK 0T
BOCNANEH!s 1 Pa3BUTHS OMyXONn
NyTeM M3MEHEHNS! MUKPOBHOTO CO-
CTaBa KuLleyHuKka (29).

HepaBHo 661110 06HaPYXXEHO, YTO
npobuoTuk Lactobacillus casei
wramm ATCC 334 nponyumpyet
(hEPPUXPOM, KOTOPbIN MHTOUPYET
Nporpecc1poBaHne paka ToncToun
KULLKW NyTeM anonTo3a, 0nocpeso-
BaHHOI0 Yepes CUrHanbHbIA NyTb
C-Jun N-KOHLEBOI KiHA3abl, YTO
BO3MOXXHO, CTaHET HOBOM CTpaTe-
rmen NOAaBNEeHUs ONyXxonu.

Oxupenue

OxxwpeHvie (34), pe3nCTEHTHOCTb K
WHCYNUHY (35) W XBaLLMOPKOP SBNS-
toTcs npumepamu (36,37), Ha KoTo-
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Fig. 2: Inhibition of intestinal
microbial trimethylamine (TMA)
synthesis by 3,3-dimethyl-1-bu-
tanol (DMB) and attenuation of
atherosclerosis (41)

that involves a leaky mucosa
caused by various endogenous
or exogenous factors, the
expansion of opportunistic mi-
crobes (dysbiotic pathobionts)
with the generation of patho-
genic microbial gene products
which can be transferred to
genetically susceptible individu-
als (11).

Atherosclerosis and
Thrombosis Risk

Recent studies suggest that
intestinal microbes are also
involved in atherosclerosis.

In this context, foods rich in
choline, phosphatidylcholine
and carnitine such as meat,
egg yolk and high-fat dairy
products, serve as precursors
of trimethylamine (TMA) and
TMA N-oxide (TMAO) that
accelerates atherosclerosis
(39) and elevated TMAO blood
levels are associated with an
increased risk for atheroscle-
rotic heart disease and incident
major adverse cardiac events.
Further, TMAO enhances
platelet hyperreactivity and
thrombotic events in studies
of animal model, employ-

ing dietary choline or TMAO,
germ-free mice and microbial
transplantation, collectively
confirming the key role of in-
testinal microbiota (40). Taken
together, these results reveal
a previously unknown link
between specific dietary nutri-
ents, intestinal microbes and

f'v\
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thrombosis risk (Fig. 1). The
intestinal TMAOQO formation is a
two-step process involving the
generation of TMA by intestinal
microbes after food ingestion
and the hepatic conversion of
TMA to TMAO by host flavin
monooxygenases. In a recent,
study Wang et al. (41) demon-
strated that 3,3-dimethyl-1-bu-
tanol (DMB), a structural analog
of choline, blocks the intestinal
TMA formation through the
inhibition of the microbial TMA
lyase, and results in reduced
TMAO levels. Thus, ‘drugging
the microbiome’ with DMB
may be a novel approach for
the prevention/ treatment of
atherosclerosis (Fig. 2).

Neurodevelopmental,
Psychiatric and Neuro-
degenerative Diseases
Studies investigating the
intestinal microbial-brain com-
munication (gut-brain axis)
demonstrate a critical role of
the intestinal microbial com-
munity in modulating the
maturation and function of

PbIX NOKa3aHa Koppensums Mexay
MUKPOGHbBIM AUCOHAKTEPUO3OM U
KIMHUYECKMMM NPOSIBIIEHNSMA.
KpoMe Toro, y reHeTM4eckm Boc-
NPUAMYMBBIX XO351EB TPAHCIIAH-
Taums exanbHo MUKPOBUOTLI OT
300POBbIX JOHOPOB NPUBOAMNA K
YNyYLIEHWIO COCTOSHMS (38).
ba3oBas KoHLenuus,«obLas
OCHOBHas runoTe3a» BKOUaeT
NPOHULIAEMYIO CIIM3NCTYHO 060M10Y-
Ky, KOTOpas Yepes BO3LENCTBUE
Pa3n1YHbIX SHAOTEHHBIX UMK 3K30-
reHHbIX (haKTopOB, NOABEPraeTCs
9KCMAHCUM OMMOPTYHUCTUYECKNX
MWUKPOBOB (ANCOMOTMKONATOBMOH-
TOB) € 06pa3oBaH1eM NaToOreHHbIX
MUKPOBMANbHBIX TeHHbIX MPOAYK-
TOB, KOTOPble MOTYT 6bITb Nepesa-
Hbl FEHETUYECKM BOCMIPUMMYMBBIM
nHaMBMAYyymam (11).

ATtepocknepos 1 puck Tpombo3a
HenasHue uccneoBaHms noka-
3bIBAKOT, YTO KULLEYHbIE MUKPOObI
TaKXe y4acTBYHOT B PA3BUTUMN
aTepockneposa. B aToM koHTekcTe
MPOAYKTbI, GoraTble XONMMHOM, ¢hoc-
haTUANNXONMHOM W KapHUTUHAMM,
TaKUMM KaK MSICO, SIMUHbIA XXenToK
W XXVPHbIE MOMIOYHbIE MPOAYKTI,

lepcoHanuavpoBaHHas Tepanus

Puc. 2: NHrubuposaHve cuHTe3a MUKpOO-
Horo TpumeTunammHa (TMA) kuweyHuka
¢ noMowpto 3,3-anmeTun-1-6ytaHona
(DMB) 1 ymeHbLLEHME aTepocKIiepo3a
(41)

CINy>XaT B Ka4eCTBe NpeALlecTBEH-
HUKOB TpumeTUnamuHa (TMA) u
TpumeTun N-okenga (TMAOQ), ycko-
PAOLUMX NOSIBNEHME aTepPOCKepo-
32 (39) ¥ noBbILLAKLLMX YPOBEHD
TMAOQ B KpoB#U, KOTOPblE aCCOLM-
MpOBaHbI C MOBbILIEHHbLIM PUCKOM
pa3BUTUS aTEPOCKNEPOTUHECKOM
60Ne3HM CepALA 1 CEPbESHBIX Kap-
AMONOrMYecKMx 3a6051eBaHN.
Kpome Toro, TMAQ ycunusaet
rMNeppeakTMBHOCTb TPOMOOLMTOB
W NpOsiBNIEHNs TPOM603a B UC-
CNefoBaHsX C XXMBOTHBIX MOJENei
C MCNONb30BAHNEM NETUYECKOrO
xonunHa unu TMAO, cTepunbHbIX
MbILLEA 1 TpAHCMAAHTaLWUK MUKPO-
OpraH13mMoB, B COBOKYMHOCTH
NOATBEP K AAOLLMX KITHOUEBYHO POib
KULLIEYHON MUKPOBUOTBI (40).

B coBOKynHOCTM 3TW pesynbTathl
MOKa3bIBAKT PAHEE HEM3BECTHYIO
CBSA3b MEX Y OnpeaeneHHbIMN
AMETUYECKUMU MUTATENBHBIMM
BELLECTBAMM, KMLLEYHBIMI MUKPO-
6amu 1 puckom Tpom6o3a (Puc.1).
O6pasosaHne TMAO B KuLLEYHM-
Ke NMpeAcTaBnseT Co60i ABYX-
3TanHbIi NPOLECC, BKIHOYAKOLLMA
obpasoBaHne TMA KuLLeYHbIMK
MUKpo6aMu Nocne Npuema NuLLm

W NeyeHouHyto koreepcvio TMA B
TMAOQ ¢ nomoLbH (hnaBmH-MHO-
OKCMreHasbl x03smHa. B HeaasHeM
uccnepnosanun Wang ¢ coasT.

(41) NpoAeMOHCTPUPOBAnNH, YTO
3,3-oumeTun-1-6ytaHon (DMB),
CTPYKTYPHbII @Ham0r X0MHa,
6nokupyeT obpasosanne TMA
KULLEYHMKA 33 CHET MHTMONPOBAHMS
MuKpo6Hon TMAnmaskl 1 npuBo-
ANT K CHUXeHMKo yposHen TMAO.
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Fig. 3: Contribution of short
chain fatty acids (SCFA) and fecal
tansplantation from patients with
Parkinson'’s disease (PD) to PD
pathogenesis and its prevention
by elimination of the intestinal
microbiota (46)

tissue-resident immune cells

in the central nervous system
(CNS) as well as the activation
of peripheral immune cells
involved in neuroinflammation,
brain injury, autoimmunity and
neurogenesis (42). Germ-free
mice raised under sterile condi-
tions or mice depleted of their
intestinal microbiota by antibi-
otics show major alterations in
behaviours or neuropathologies
that characterize neurodevelop-
mental, psychiatric and neu-
rodegenerative disorders (43).
These include among others
autism spectrum disorders,
depression and Alzheimer's or
Parkinson's disease (Table 2).

An impressive example for a
pathogenic role of the intestinal
microbial community is Parkin-
son's disease’ (PD). In patients
with PD, plagues in brain cells
as well as in the intestine
containing the neurotoxic
protein alpha-synuclein (AS) are
a hallmark of the disease. For
example, in PD patients gastric
motility is frequently impaired
(44) and AS levels in the intes-
tine are elevated (45).

In an animal model, mice over-
expressing AS indeed develop
neurologic deficits resembling
those of patients with PD. Re-
cently, three lines of evidence
demonstrated a central role of
the intestinal microbial com-

munity in the pathogenesis of
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PD (Fig. 3): (1) in the PD mouse
model germ-free animals
developed fewer plagues and
almost no neurological deficits
as compared to conventionally
colonized controls, (2) treat-
ment of PD mice with antibiot-
ics resulted in an improvement
of the neurological deficits and
(3) fecal transplantation from
patients with PD to germ-free
mice resulted in neurological
deficits resembling PD (46).

The underlying concept is the
central contribution of the mi-
crobial community to a defect
of the microglia via short-chain
fatty acids (SCFAs) that rep-
resent bacterial fermentation
products (47). While germ-
free mice showed a reduced
microglia mice, SCFAs modu-
late microglia and enhance PD
pathophysiology (46). The iden-
tification of the disease-causing
bacteria and the mechanism
leading to the deposition of the
neurotoxic AS plagues await
further clarification.

Takum 06pa3oM, «NekapCTBEHHOE
HakaumBaHue MKpobuomMa» ¢ no-
moLLbto DMB MOXET cTaTb HOBbIM
noAxoAoM B NpochunaxkTuke / neye-
HUM aTepockneposa (Puc.2).

HapywweHus HepBHO-Ncuxuye-
CKOro pa3BuUTMS, NcUxuaTpuye-
CKue U HeiipofiereHepaTUBHbIE
3abonesaHus

Wccnenosanns, nsydaoLume cBssb
MO3ra C KMLLEYHUKOM (KMLLIEYHO-
MO3rOBYH0 OCb), AEMOHCTPUPYIOT
KPUTUYECKYIO POfb KULLEYHOTO
MWUKPOBHOro coobLLeCTBa B MOJY-
NALUMK CO3PEBAHUSA W (DYHKLIMOHM-
POBAHWS PE3NAETHBIX UMMYHHBIX
KNEeTOK B LIEHTPAmNbHON HEPBHOM
cucteme (LIHC), a Takxe akTuBa-
Lmu nepuchepryueckmx MMMYyHHbIX
KNeTOoK, CBA3aHHbIX C BOCTANEHMEM,
NOBPEXAEHNEM rOJIOBHOIO MO3ra,
ayTOUMMYHWUTETOM U HEPOreHe3oM
(42).

CTepurbHble MbILLK, BbIPALLEHHbIE
B CrieumarnbHbIX YCNOBUSIX, UMK
MbILLM C UCTOLLEHHbIMM aHTUOMO-
TUKaM1 MUKPOBMOTaMM KULLIEYHMKA,
AEMOHCTPUPYHOT 3HAUMTENbHbIE
N3MEHEHWS B MOBEAEHUN NN

lepcoHanuavpoBaHHas Tepanus

Puc. 3: 3HaueHre KopoTKOLENOUEUHbIX
XWPHbIX knenoT (SCFA) 1 TpaHnnaxTaumm
thexanuii 0T NaUMEHTOB C 60NE3HBIO
[MapkuHcona (BIM) B natorexes bl u

ee NpohnnakTMka nyTem anMMUHaLMN
MWKPOBMOTBI KMLLEYHMKA (46)

HEBPOMNOr1YECKME U3MEHEHUS,
XapakTepHble AN HapyLLEeHWI
HEPBHO-MCMXMYECKOr0 PasBnTHs,
MNCUXMATPUYECKNX U HEpOJEreHe-
paTtuBHbIX 3aboneBanmii (43). K Hum
OTHOCSTCS, B 4aCTHOCTH, pac-
CTPONCTBA ayTM4ECKOro CnekTpa,
fenpeccus, 60nesHb Anblreimepa
nnm 6onesHb MapkuHcona (Tabnmua
2). BnevarnstoLumm npuMepom
NaTOreHHOM POMM MUKPOBHOTO
CO06LLECTBA KNLLEYHMKA SBNS-
eTcs 6onesHb MapkuHcora (BI).

Y naumenTos ¢ Bl 6nswku B
KneTKax rofioBHOr0 M03ra, a Takxe
KMLLEYHVKA, COfepXXaLlmne Hempo-
TOKCMYeCKuin 6eN0K anbga-CuHy-
KnevH (AS), IBASOTCS MPU3HAKOM
3a60neBaHms. Takxe y naumeHToB
¢ bl vacto HapywaeTcs MoTopUKa
xenyaka (44), a yposeHb AS B
KMLUEYHVKE NOBbIAETCs (45).

B nccnenoBanmsx Ha XXUBOTHbIX
MOZENSIX, Y MbILLEN, CBEPXIKCMPEC-
cupytoLmx AS, AENCTBUTENBHO
pasBMBaNCh HEBPOJOTUYECKNE
HapyLUeHWs,, NOX0XWe Ha PaccTpoit-
cTBa y naumeHTos ¢ bI1.

B nocnenHee Bpems Tpu uccne-
[0BaHMs NMPOAEMOHCTPUPOBANY
LieHTParbHYH POJib KULLIEYHOMO
MMKPOGHOr0 COO6LLECTBA B naTore-
Hese M1 (Puc.3): (1) y cTepunbHbix
MbiLLeii ¢ Bl 06pa3oBanoch MeHb-
e 6/1ALLIEeK M NPaKTUYECKM OTCYT-
CTBYIOT HEBPONOTUYECKME Aeduum-
Thl 1O CPABHEHWH C KOHTPOJbHOM
KONOHW3WUPOBAHHOA rpynnoi, (2)
nevenme BIT - mbien aHTuémo-
TUKaMW MPUBOANIO K YMEHBLLEHMIO
HEBPONOrMYECKMX HAPYLLEHWIA 1 (3)
TpaHcnnaHTauus dexanui ot na-



Personalized Medicine

German
Medical »
Journal

Han Iym
SIILIFC O]
YDHAN

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

lepcoHanuavpoBaHHas Tepanus

Conclusions and
Perspectives

Basic biomedical research has
made major advances in recent
years and holds the promise

to increasingly provide indi-
vidual diagnostic, preventive
as well as therapeutic options
for patients with inherited or
acquired, malignant or non-
malignant diseases. Apart from
an increasing number of host
genetic susceptibility loci and
environmental factors, the indi-
vidual microbial community is
central for the barrier between
microbes and hosts.

In particular, the intestinal mi-
crobial coommunity is involved
in a large number of normal
biological functions in health
(Table 1) as well as in numer-
ous common, gastrointestinal
and non-gastrointestinal diseas-
es, such as obesity/ metabolic
syndrome, atherosclerosis/
thrombosis or neurodevelop-
mental, psychiatric and neuro-
degenerative diseases (Table
2).

Dietary interventions targeting
intestinal microbiota, such as
calory restricted diets rich in
fiber and vegetables as well
as fecal microbial transplanta-
tion are examples for health
benefits in humans. In recent
years, the intestinal microbi-
ome thus has become one

of the most dynamic areas of

biomedical research that holds
an enormous potential for
interventions regarding human
health and disease.

LmeHTOB ¢ bl cTepunbHbIM MbiLLam
NPUBOAKNO K Pa3BUTUIO HEBPONOTH-
YECKMM HapPYLLUEHMIA, XapakTepHbIX
ons Bl (46). basoBas koHuenums -
9TO LEHTpanbHas posb MUKPOBGHOro
coobLuecTBa B pa3BnTum dedekTa
MMWKPOT 1K U3-32 KOPOTKOLIENoYeY-
Hble XXupHbIX KuenoT (SCFA), koTo-
pble NPeaCTaBNATCS NPOAYKTaMM
6akTepuanbHON (hepmeHTaunm
(47). B 10 BpeMs KaK y CTEpUIIbHbIX
MblLLel Habofanack BOCCTaHOB-
TNIEHNE MUKPOTTIAN, Y APYTHX MbILLEi
SCFA BbI3bIBan MUKPOrnio U
ycyryonsmm natogmauonoruto bl
(46).

BbisiBneHne 6akTepuii 1 yTOUHe-
HME MexaHU3Ma, MPUBOASLLErO K
OTNIOXXEHWIO HENPOTOKCNYECKMX
AS-6nsiek, TpebytoT fanbHenLLmnX
CCNefoBaHuiA.

BbiBOAbI U NEPCNEKTMBbI
OyHaameHTanbHble 6UOMEaNLMH-
CKye 1CCNej0BaHNs B NOCNeAHNe
rofibl JOCTUTNIN 3HAYNTENbHbIX
yCMexoB, W BCe Yalle npeanaraot
WHAMBMAYaNbHbIE AMArHOCTUYE-
ckue, NpomnakTuyeckme, a Takxe
TepaneBTUYeckue MeTofbl Ans na-
LIMEHTOB C HACcNeCTBEHHbIMU Ui
MPMOBPETEHHLIMM, 310KA4YECTBEH-
HbIMM UM HE3NMOKAYECTBEHHBIMM
3a60neBaH1sMK.

MoMMMO pacTyLLEro Y1cna Bbi-
SBNSEMbIX TOKYCOB reHETUYECKOM
BOCMPUMMUMBOCTY X035IMHA U
(haKToOPOB OKPY>XaKOLLEN cpefbl,
WHAMBMAYaNnbHOE MUKPOBHOE
CO06LLECTBO SBNSETCS NMaBHbIM
GapbepoM Mexay MuKpobamm 1
X0351eBaMM.

B vacTHocTH, MMKpOBHOE CO-
06LLECTBO KNLLIEYHMKA CBA3AHO

C 60MbLUAM YUCTIOM HOPMASTBHBIX
61ONOrnYecKMx OyHKLMIA y 300p0-
Boro uenoseka (Tabn. 1), a Takxe ¢
pasBUTHEM PACTPOCTPAHEHHbIX 3a-
60neBaHmiA Xenya04HO-KMLLEYHOTO
TpakTa 1 Apyrux 60nesHen, Takux
KaK 0>XKMpeHne / MeTabonmueckuii
CMHIPOM, aTepocknepo3 / TpoM603,
HapyLUEHWe HEPBHO - MCUXUYECKOTO
pasBUTHS, NCUXMATPUUECKUE U HEN-
pOAereHepaTuBHbIe 3a00/1eBaHNS
(Tabnuua 2).

[neTnyeckue BMELLATENLCTBA,
HanpaBMnEeHHbIE Ha KULIEYHYHO
MWKPOBMOTY, Takue Kak AneTbl C
OrpaH14eHHbIM KONIMYECTBOM Ka-
NIOpuiA, 060raLLEHHbIE KNETYATKOM
1 0BOLLAMK, a TaKXe ekanbHas
MWKPOBHas TpaHcnnaHTaums, sB-
NAOTCA NPUMEPaMM NOAAEPKAHMS
300p0BbS Y YenoBeka. B nocneg-
HUWE rodbl U3yyeHne Mukpobrnoma
KMLLEYHMKA, TakiuM 06pas3oM, CTano
OLHOW M3 CaMblIX JMHAMWUYHO pas-
BMBaKOLLMXCS obnacTei buomeau-
LIMHCKMX UCCneaoBaHuii, obnapato-
LL{el OrPOMHbIM MOTEHUManoM ans
NOALEPKaHMS 340POBbS YENOoBEKA
W neveHms 3ab0neBaHui.
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Medical Fair Thailand 06.09. - 08.09.2017
THE REGION’S NO.1 EVENT FOR THE MEDICAL AND HEALTH CARE INDUSTRY

With a well-established history since 2003, MEDICAL FAIR THAILAND continues to grow from
strength to strength as the region’s No. 1 medical and health care event. Focused on equip-
ment and supplies for the hospital, diagnostic, pharmaceutical, medical and rehabilitation sec-
tors, MEDICAL FAIR THAILAND provides you with the best business opportunities to navigate
the dynamic marketplace of Thailand and Southeast Asia.

Supported by some of Thailand and the region’s most prominent government and industry
trade associations, including Thailand’s Ministry of Health, the Asian Hospital Federation, and
many others, MEDICAL FAIR THAILAND is the ideal platform for your business.

Organised by Messe Dusseldorf Asia, MEDICAL FAIR THAILAND is modelled after MEDICAL
FAIR ASIA and is part of the globally recognised and leading medical and health care trade
event under the Messe Disseldorf group — MEDICA.

For more information please visit: www.medicalfair-thailand.com

BIHE 28.09. - 30.09.2017

BIHE, the largest healthcare event in the Caucasus and the only specialised exhibition in
Azerbaijan, is a wonderful opportunity to present your medical products and services to the
region, find new potential partners and strengthen existing connections, expand and enter
new emerging market.

BIHE proved to be a launch pad into the Azerbaijan market for many companies. The exhibition
includes a number of additional events, including conferences and workshops.

For more information please visit: bihe.az/en-main/

Oman Health Exhibition & Conference 09.10. - 11.10.2017

Oman Health Exhibition & Conference is an annual international trade event that highlights the
rapid and continuous advancements of the health and medical sector in Oman. It is a common
platform that brings together different segments of the health and medical industry to explore
new opportunities, showcase the latest technologies, services and facilities, and leverage
potential for trade and investment.

The Conference is aligned with the government’s Health Vision 2050 and aimed at addressing
the challenges as well as discussing initiatives to improve the sector.

The event was granted “UFI|-Approved Event status” by UFI-The Global Association of the
Exhibition Industry in 2012.

For more information please visit: www.omanhealthexpo.com
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Health & Medical Tourism 11.10. - 13.10.2017

International exhibition Health&Medical Tourism will be held on October 11 — 13, 2017 in CEC
EXPOFORUM, St. Petersburg, Russia. Participation in the exhibition is an effective tool for
increasing sales of services in the field of health and medical tourism to potential patients, as
well as for expanding the agent network in the Northwest of Russia.

Exhibitors: Russian and foreign clinics, Diagnostic, rehabilitation and wellness centres, Health
resorts and spas.

Health&Medical Tourism exhibition visitor profile: representatives of travel agencies, repre-
sentatives of medical centres, representatives of insurance companies, potential patients.

For more information please visit: www.healthtourism-expo.ru

intermed 14.03. - 16.03.2018

9th International exhibition of medical treatment abroad, Expocentre Fairgrounds, in Moscow,
Russia.

InterMed exhibition is a professional platform for the leading foreign clinics, medical and health
centres working or planning to work with Russian patients, as well as an effective tool for
expanding the agent network in Russia.

InterMed exhibition offers important opportunities: meet directly with potential patients and
demonstrate the benefits of treatment in your clinic/centre, find new partners and establish

business contacts with new clients, strengthen company’s position in the Russian market of
treatment and rehabilitation, assess the competitiveness of the company’s services and the
demand for them, raise brand awareness.

For more information please visit: www.intermedexpo.ru

Preview 2018

April 2018 IMF International Medical Forum Kyiv, Ukraine
Healthcare Travel Expo,
International Exhibition of Medical Tourism

May 2018 Iran Health Teheran, Iran
International Exhibition
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i +7(812) 380 60 06/00 °
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