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T .Mokrusch

MAGNETIC RESONANCE IMAGING IN SKELETAL MUSCLE FOLLOWING
DENERVATION AND ELECTRICAL STIMULATION

Hedon-Kitnik, Lingen, FRG

Abstract Following chronic dencrvation, MRI
evalualicn of fast rabbit muscles revealed a  distinct
imcrease of signal intensity and T, relaxation tnme. These
changes were missing or less pronounced alter treatment
with a new type ol electrical stimulation, which previousty
had proved efiective in avoiding muscle alrephy. One
month alter denervation, there was a slight increase of
signal intensity as well in the stimulated as in the untre
aled animals, after two months, however, the mcrease was
stalistically significant only in the non-slimulaled muscles.
T, relaxation lime showed a slight increase after one
month of therapy, while there was a significanl increase
afler one and two mownths without therapy. Afler 3--6
manths of electrical stimulation, there was no increase
of T, at all. The results indicate 1), that MRI can be
used when monitoring stimulaiion effects on denervated
muscle, and 2), that, for this purpose, T, relaxation lime
5 more uscful then signal intensily.

T Mokpyuw:

BUIYAANMSAUMS CKEAETHBLIX MbILULL
METOAOM SAEPHO MAMHUTHOTO PE30OHAHCA
TMOCAE AEHEPBALIMU
U SAEKTPUHMECKOW CTUMYASLIUMK

Ped e p a 1. Busyaansauus MeTOAOM SACPIIO-
MAHUTHOTO PEe3OHAHCA MbIWY KPOAHKA © XPOHAYCCKOH
ACHePBALMeH Ha JOHE TOAUVAAHMA O3BOAKMAS 0OGHADPYXKUTL
ABHOE YHEAMNEHHEe HHTERCUBHOCTH CHI'HAAd M BpCMEHH
perakcanmd T,. Oty uaMerewMsa He HaOAAAAMCE HAK
BLlAM MeHee BEIPAZKEHh! NMOCAS AY2UME SACKTDOCTHUMYAA
umeil, KoTOpas patice OKazrarach 3(QeKTUREOE B npodH
AJKTHKE aTpoduu MblUL. ‘lcpe3 MeCsif BOCAe ACHIePBANMA
HAOAIOAANOCE  HEBOABLIOE BO3IPACTAHHE WHTEHCHBHOCTY
CHIHAAd RAK Y CTUMyAHMPOBEHHBIX, TAK M Y HECTHMYAH
POBAHHBIX XUBOTHBIx. OpHaKo vepes 2 Jec ero so3pac:
TauMe BLIAD CTATHOTMIECKW AHA¥WTEABILIM TOABKO B CTW
MYAMPOBAHHLIX MBIIIIEX .

T.Mokpyw

ACHEPBALINA haM 3AEKTP CTUMYASITOPLIHHAH
CON CKEAET MYCKYAAAPRIH TOLU-MATHWT
THUPGDHEWIL bLICYARl BEADH BU3YAAUIAUMAABY
{KY3aTY, TUKIEPY)

AYARIK dpPRACKIIAG KMAENl ULIKKAK XPOIIKK AcHepBa
nMsAe  AOPT KYRHLL MYCKYALIH Tl MATHHT Tupbadeure
bICYARI GeAdH KYIDTY (BHIYAAMIALMHAIY) CHIHAA KeUeHei
ycyer hom T, peaaxcalmsi BAKBLITBI apTyLiH TanTel. 3AeK
MYCKYA arpohusicery [3aTEIHPBAIHYCN) AOB3AATAHAG SHODT
HOTUXIAIDIS  KWIEPTIIT  JACKTD CTUMyAsuuace BeasH
ASBAAATAHHAH COH MOHALIH Y3TAPEIIADD CH3EAGPACK KHUMO
A€ Huco BoTeHADR KydoTeaMase. AeHepBauus GaufiaHsIm.
Gep aft y3raMuaH COH, CTHMYARUUSADHISH XaUBAHHAPAQ Ad.
CYHMYAANMIASHMSMOH XaWBAHHAPAG Ad CHI'HaA KOYeHeH
fepas yoye Ky3aTeAs. AIKMH 2 dBAaH yoeur 6apll THK CTH

MYAALHAAONIOH MYCKYAAdPAA PhlHA CAH HrbiHHAH CH3EAED
ACK OyAha.

Denervation atrophy and electrical stimulation

F ollowing chronic denervation, a lol of well
known changes occurt in a skeletal muscle,
particularly concerning contractile properties
and morphological features {6]. While contrac-
tion force decrcasecs, the muscle fibres become
smaller and histologically an increase of fal and
conneclive lissue is found.

Despite many investigations during the last
decades, the discussion on the efficacy of electro
therapy in chronic denervation is still controver
sial. In most of the earlier irvestigations, electro
therapy was found to delay, but not 1o avoid
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atophic changes |79 8201518, 200521 In recent
pHvestigations o mew type ol electncal stimualus,
feveloped tin our group, proved to be haghly
elfpctivie In anumal expenments, the conlraction
force of last mabbil musclos was inalifmimed ol
A lewvel of 40—100% of normal, and 1 pationis
denervation induced changes shawed 1o be e
vorsible oven several months alter complete and

chromic denervation | BT b propraintion )

MRI of muscle

Muscle tissue normaily 1s characterized by
the classical melhods of hisiology, enzyme histo
chemistry and electron microscopy. During the
lasl few years, these morphological methods be
came supplemented by imaging techniques (ulf
rasonography, compuler iomography, MRI), and
in particular MRI promises {0 become an impor

tant tool in the clinical evaluation of muscle
diseases [22].
The relaxation times T ana T,} are  more

specific than signal intensily and show typical
values in different tissues |5), and so they are
considered o be clinically more useful. In de
nervilion atrophy, muscles show a decrease of
T and an increase ot T, [2,22], while thc rela
xalion times are not inflnenced by a long lime
resting or immobilisation alrophy |10]. A rever
sible increase of T, has been described follo
wing an intensive muscle training [4]. As to ous
knowledge, the influence of clectrotherapy on
MRI of muscle has never been investigated before.

As our new meihod of electrical stimulation
has proved effeclive in avoiding atrophy and [oss
ot muscle strength in chronic denervation, it was
of a certain interest, whether MRI can be used
to momnitor the influence of cleclrotherapy on
the denervated muscle. Being a non invasive
method, MRIT can be repeated easity, and possibly
some (invasive) hislological exaininations could
be supplemented or even replaced by magnelic
resonance nmaging. Preliminary  resulls,  as
presented earhier [17] had been encouraging.

Material and Methods

20 adultl whitc New Zealand rabbhifs werce
examined. In 16 animals, the righi hindlimb was
denervated totally and chronically as reported
previousty {15]. Electrical stimulation was perfor
med in 7 animals twice daily via surface clec
irodes with an effective stimulation time of
2x7.5 minutes. 9 animals remained untreated
after dencrvation, and 4 animals served as nor
mal contrels. For stimulation, bidirectional rectan
qular impuises with a frequency of 25 tz and
an intensity of 40 mA were used, as they had
proved elfective in maintaining contraction force
and muscle bulk. Observation titne was 1 month
for short-term effects, 2 months and 3—6 months
for long-term effects.

20

MRI examinations were performed in general
anesthesia  [ketamine and xylazine iv) on a
SIEMENS Magnetom 1,5 T. In a “hecad coil",
the leys were tied up in o parallel postlion,
care was taken of a side by side position of
ithe knee joints for having identical muscle
regions of both legs on the same store.

['or the measurement of signal infensily in
T1 weighled images, a repetition time (TR) of
0,6 sec was chosen, and an oecho time (TE) of
15 msec. T2 relaxation time was calculated {rom
CPMG sequences: 8 echos from 22 to 176 msec,
cach with a TR of 0,6 and 1,8 sec. Usual slice
thickness was 4 mm, except for mulli echo-
sequences (8 mun).

In cach animal, two fast contracting musc
los — the tibtalis anterior muscle (TA), and the
flexor digitorum sublimis muscle (FDDS)  were
evaluated. Signal intensity and T, relaxation time
were measured within one slice of the middle
third of the crus. In ecach muscle, the average
values were calculaled frorn 5 measurements in
regions of inlerest (ROI) with an area of 6 pixels,
which is ecquivalent to a volume of about (]
cm® Care was laken 1o thet the ROls did not
include any visible fascia or blood vessel. From
bolh signal intensity and T, relaxation timne,
right/left ratios were evaluated.

Results

Signal intensities:

In hoth muscles of the four normal conlrols,
as expected no difference was found between the
two legs, indicating a good reliability of the mea
surements. Five animals were investigaled one
month atter denervation. Ilere an increase of sig
nal intensity was observed in both muscles as
well in the slimulaled as in the untrealed animals.
These changes did not reach significance, and there
was also no difference belween TA and FDS.

After tong term denervation in six animals,
there was « significant increase ol signal inten
sities in both muscles without elecirotherapy.
whereas there was only a slight increase in the
long-term stimulated muscles (Fig., 1).

T, relaxation times:

Like for signal inlensities, no side ditfercnces
were found for T, relaxation times in the normal
muscles {normal values: TA=32,0+20 1msec,
FDS=30,9+1,3 msec), in the treated muscles, the
changes of T, were more distinct than those of
signal intensities. Already one month after
denervation, an influence of electrical stimulation
was found. Without stimulation, T, had clearly
increased in both muscles (TA=157%, FDS=151%),
whereas only a lendency (FDS) or a slight
significance (TA) for changes were found in the
stimulated muscles. In the long-term denervated
animals, similar changes were found in the non
stimulated muscles (increase of TA=150% and
of FDS=157Y%), whereas there were no changes
at all in the treated muscles (Fig. 2).
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Fig. 1. Changes ot signel iotensity in fast skeletad muscles or

rabbit following short and long {ernn denervation. Inthience of

electncal stimulation. Ratio: righl=denervaled/left = normal,

scale from 85— 115%. TA=libialis anterior muscle, FDS= Nexor
digitorum  sublimis muscle

Discusston

Since MRI has been introduced in clinical
practice and invesligation, a lot ot obscrvations
have been presented, describing muscie paiho
togy. By most of the authors, the findings con
cerning signal intensity and rejaxation times arc
explained with changes of {af and water conlent
(110,18,22,24,30,31]. The binding capacily of
macromolecules, elecirolytes, pll, lemperature
and some olher factors may have an influence
too |3].

In this investigation, it has been necessary
to evaluate very small ROIls, because within the
anyway small objects of FDDS and TA muscles,
arcas ol fascia and fai had to be excluded.
However, this has been possibie without prob
lems because of the high resolution of MR,
which is said to be less than 1 mm [23] The
good reproducibility is shown by the low stan
dard deviation of normal values, which already
has been found in a previous investigation [17].

In denervation atrophy, the decrease of
muscle volume always paraliels with an increase
of connective tissue and fat, while the water
content yemains conslant [6]. in our study, the
effect of denervation was clearly visible not oniy
histologically (unpublished observations), but
also in MRI. While the results of signal intensity
were only poor, T, proved to be a valuable
tool to differentiate a denervated muscle from
a normal or a denervated-stimulaled one. In both
muscles, T, relaxation time clearly increased
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iy 2. Chaenges of T, relaxation bme following dencrvation
and electrical stimulation {explanstion see fig. 1) Note the
larger scale in the diagram, reaching lIrom 25—175%

after one and two months of denervation alone,
while 1t increased significanlly less during elec
trolherapy. Similar observations, conceming a
difterent behaviour of signal inlensily and rela
Xation times, have been made in physiclogical
short time reaciions of muscle too, describing
no changing of signal intensity but a distinct
increase of T, during muscle exercise {4.19,29].

Effecls of muscle exercise on MRI may occur
due to a changing of water comtent and electro
lyte concentration [4,26.27], and there is no
difference, il muscle contractions are performed
volunlarily or induced by electrical slimuli
{11,27]. These changes, however, are only shorl
terin cifecls and cannot explain the findings
ot one or two months later. So, the long term
effects cannot be explained by muscle contrac
tions atone.

Long termm  immobiity 15 kpnown not o
influence the relaxation times, although it might
be accompanied by a marked atrophy [10].
Fence, the denervation induced increase of T2
musl be explained by other factors than 3
simple decrease of muscle fibre diameter. In
later stages of atrophy, the muscle degenerales,
e.g. it becomes fibrotic, and muscle fibres are
replaced by fat and connective tissue {6]. TFatl
is known to influence relaxation times, and iis
amount even can be calculated, when trying
to separate this effect from the influence of
water and proteins. Fat and waier are thought
to be the most imporiant factors, even if lhey
might be controlled and modulated by the pH
level, the concentration of clectrolytes or the
temperature (5].
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Thus, firsl of all the influence of fat must
be discussed lo be responsible for the changes
observed in MRI. The denervaled and slimulated
muscle clearly shows less fat inclusions than
ihe denervated and untreated muscle, and this
would explain the distinet increase ol T, after
denervation, as well as the missing increase in
the stimulated muscle. On the other side, an
increase of signal inlensity has been reported
{following denervation bolh in T, and T,-weigh
ted images, which led the authors fto  the
conclusion, that the influence of fat must be
insignificant, and they discussed the tmporlance
of waler content {24,25]. This question has o
clarify this aspecl, further invesligalions arc ne-
cessary, evaluating Tl relaxation time, which has
not been able in the presenl series. [t mighi
be marginal, thal muscle fibres with a different
conlraction velocity might have diffetent relaxa
tion times. It is reporled, thal fast fibres shouwld
have higher values for T, and T, {8], but this
fact should be confirmed by an  experimental
correlstion  study of histology and  relaxalion
times.

Lleclrotherapy of dencsvated muscle, which
for a long time had missed lo prove cffective,
now is developing a clinically valuable method,
using our type of stimulus. Using surface elec
trodes, the stimulation is able 1o lift the patlienl's
leq when lying on the bed or silfing on a chair
|16]. In oiber patienis, a strong tetanic contrac
tion of lhe biceps muscle is possible, and the
flexion of the ellbow is a uselul mmovement. So,
if in future our ncw concept of cleciratherapy
should stand the test clinically, a tool is neces-
sary to monitor the effect of the therapy on
the denervated muscle. Histological examina
tions always need an (invasive) biopsy, while
MRI is a non invasive method, which can easily
be repealed, even if i is expensive. The firsl
couple of measurements in palients showed, that
an increase of T, can be reversible after the
onset of electrotherapy even several months
alter denervation, indicating and parallelling an
increase of muscle bulk and contraction force
(in preparation). So we think, that MRI will be
a useful tool for monitoring the success of elec
trotherapy in chronically denervaled muscles.
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HEKOTQPBIE ACTIEKTEI THATHOCTHKH 1 XUPYPTHUYECKOI'O JJEYEHUA
WUHEBASHWBHBIX ATEHOM THIIQPUI3A

Kagedpa Hespono2Ul, HeUpOXUPYP2UY U MEOUUUNCKOL zenemuKy (3a8.— npogp. M. P HCMATHIIOR)
Kazarnenozn zocydapemeaeniozo MeGuLuHCIO20 YHUBEDLUMEMA,
PernyfruroncKan Kauntuyeckiaa 6orvHuYa (2r.epaw — P.LPATH XOB} Munzdpasy PT

Pedepdr AHAAMIMPYETCH KAMHMUECKAS KADTMKa
nboresatHad y 83 OOALUBIX € AACHOMaMM Tunoduia.
Bekphivel ODPUYMHLI TO3ATIRH AMAUHOCTHKH 3abosenaHuq.
NpuBeaeHbl HGMOCHEACTBEHHEIC POIYALTATLI XHpyprudec.
KOTO ACHEHMHE BOABHBIX.

XM IHyanman, M. O. Homarniiaen,
B4 Aanuaos, A X . CoroMamuna

TUNOOUIAATLT MHBA3BWMEB AAEHOMAAAPHDI
XUPYPTUS IOABI BEASII ADBAAAY
hoM AMATHO3 KYIOHLII[ KAUBEP SKAAPLI

{ACTIEKTAAD LI}

futtoua ageromannl 85 anbLIPY  “YpeHel KAHHWK
KAPTHHACEL GHAARZAAHA. ARRPYra AHATHO3 COH KYCAYHbIi)
CIBIMAIPC AYLIRKAZHE. ARBIDYAGPHLI XHPYPIus 0Ab! GCATH
AaﬂﬂAfl)"Aa HPCHICAI'RIH Hi—)TM)K,aABp KHTGPL‘J\H.
Kh.M.Shulman, M_F.Ismagilov,
V.I Danilov, A.Kh.Solomaiina

SOME ASPLECTS OF DIAGNOSTICS
AND SURGICAL TREATMENT OF THE INVASIVE
PITUITARY ADENOMAS

Clinical patterns of 85 patients wilh pituitary adeno-
tnas are analysed. Causes of late diagnoslics of the disease
dte revealed. Immediate results of surgical treatment of
palients are given.

Kmmaammmm ajpeHoMaM ruIodmsa OTHOCATCSA
ONYXOAM, BEIXOASiHiME 3a MNpepeakl rurnodin
JPHOTC  {AYPAABHO-APaXHOWAAABHOTO)  AOXK4,
WA peAKO BCYpEYAROIUECsS] aAeHOMBI, TNepBUYHO
PacTyIUe U3 TyDCPAABROIO OTABAY GACHOTMIIO
duza |2].

Tunoduzapusie apeHoOMBI — YacTo BCTpe
YAIOII@ACH HEWpPOXUPpYpPrUyecKast ¥ 3HAQKDUHO
AOTMYECKAN Taroaormsi, oid cocrasaser 13,3%

BCEX CAYYaeR HENPOOBKOADIHYCCKUX saborera
HUA. 75% DOARHEIX 3TOM KaTerOpMH COCTABASKIT
avna B Boapacte oT 30 aa 50 aer (1]. Tlo aau
Hum C.H.@epoposa [3], exeropannld [pHpoct
OOALIIEX C OTOW MATOAGIVEH B HALICH Crpane
cocrasaieT npumepso 3000 nanuenTor, a odijee
YUCAC TPCOYION[UX ACUEHUS UAM aKTUBHOPO Hab
AIoACHNH  pocTHraeT 80—100 vhic.

Pe3yARTATLI ACHCHUA ODOABHBIX C dACHOMaMH
rurnogusad B 3HAYUTEABHOH CTelleHM 3aBUCET OT
paHHed AMArdHoCTHKKW saboaesanpa. Oua lpu
obperaeT ocoBYK) dKTYAARHOCTL B3 CBSI3M ¢ pas
BUTHEM rpyfOro ¥ HEOBPATUMOI'O HEBPOAGTHYEC
KOTO  Ae(hUIIMTA, XdpaKTepU3yIOWero Jo3AHUe
crapuu  zaboAacBaBuys.

B AM@FHOCTHYECKOM JIPOLCCCE aACHOM (HITO
du3a B 1TGCABAHUE TOALL TIPOW3OUIAM CYLICCT
BCHHBIE 1IO3UTHUBHEIE CABHUIH 6AaFOAdpﬂ RHEA
PCHUIO B KAMIINYOCCKYTO [IPAKTHUKY PAAHOUMMYH-
HOI'G MCTOAA ONPEASACHHE TOPMOHAABHOIO CIICKT
pPa M VCIOAL3OBAHMUIO COBPEMEHHEIX METOAOR
ODCACAOBAHHA, TAKUX KaK MAlIHWUTHO Pe30HAHC
Has roMorpatpus (MPT), kKomueiorepHad TOMO-
rpacur (KT), anrnorpadus (Al) » Ap. 3To 304
YUTEALHQ PACUIMPHUAO RO3MOXXHOCTY PaHHErc
pacuo3HaBaHMA OINyXOAeHW. BMecTe ¢ TeM A0 HaC
TOSIICPO BpEMEHH 06pau1ae'r ia ceHs BHUMAHWUC
wacToe oOpaweHre DOABHBIX 3a AeuedHHOU 110MO
HIGIO HA 1NM03pAHKMX cTaausx saboneBanus. Cpeant
IIPUYKH  3AMO3AAAOH  AHArCHOCTHKHA B MEPBYIO
O4YepeAb He0OXOAUMO OTMETHTh HU3KHHA YPOBEHB
061eOHOAOTHURCKOW 05pa30BaHIIOCTH HaceAe
HMS W MCAUMUMHCKUMX paboTRMKoB. He weHee
CYWCCTBEHON NPNUMHON ABAJIETCH HEAGCTATNY
Hasi OHKOAOCHWYECKAfl HACTOPOXXeHHOoCTh Cpead
DHACKPUHOAOFOB, THHEKOAOIOR, CEKCOIIATOAGIOB,
OKYAUCTOB M IIpPEACTABWTeASH TpaAMuMOHHOﬁ
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