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ANATOMICAL FEATURES OF TREATMENT OF LIMB SPASTICS

Actuality. Spasticity is a stroke complication that worsens the patients’ quality of life. Understanding the anatomical structures
involved in this condition is a necessary condition for successful treatment with minimal risk of complications.

Purpose of research. Determination of anatomical structures involved in spasticity, development of a teaching method for botox
injections using cadaveric material.

Material and methods. Search for information in modern literary sources, its analysis, comparison and generalization. Methods of
preparation of cadaveric material with access to the superficial and deep layers of muscles.

Research results. One of the most common complications after a stroke is limb spasticity, which occurs as a result of a violation
of the inhibitory effect on motoneurons, as a result of damage of certain structures of the brain and, as a result, constant contraction
of certain muscles of the upper or lower limb. The need for a clear understanding of the structures involved in the development of
spasticity is dictated by the danger (or lack of effect) of treatment in the absence of such data.

There are several typical positions associated with the anatomical features of the involved structures in spastic limbs. In this
article, we look at five typical upper extremity positions that involve the muscles of the shoulder, forearm, wrist and chest, and three
positions that only involve the fingers. In the article, we describe six typical positions. When considering pathological conditions, we
paid attention to the involved muscles and their innervation with blood supply, because understanding the role of the muscles plays
a primary role in the treatment of these conditions, and the use of invasive techniques without proper knowledge or skills can cause
damage to the neurovascular bundles.

One of the most promising methods of treating limb spasticity is the usage of botox, which requires a clear understanding of the
involved structures. Performing botox injection manipulations without proper preparation can cause serious consequences, such as
thrombosis, damage to neurovascular bundles, etc., and also be the reason for the lack of effect from the treatment. To train the skills
of performing this manipulation, the Department of Human Anatomy of Kharkiv National Medical University developed a method of
teaching botox injection using cadaver material, which is described in the article. In addition, artificial simulation materials can be
used for the same purpose, and the procedure can be carried out under the control of imaging methods, such as ultrasound, which is
especially important in the presence of individual anatomical variability. Understanding the structures involved in the development of
spasticity is also necessary for the work of rehabilitation specialists.

Conclusion. Spasticity is a frequent complication after a stroke, which causes certain difficulties in patients and worsens their
quality of life. There are several typical conditions of spasticity in the upper and lower limbs. One of the most promising methods of
treatment is the use of botox for muscle relaxation. The use of this method is possible only in the case of a clear understanding of the
structures involved in spasticity, otherwise the treatment will not bring the necessary result or lead to serious complications. At the
Department of Human Anatomy of the Kharkiv National Medical University, a method of training this manipulation using cadaver
material was developed.

Key words: spasticity, stroke, pathology of the upper limb, pathology of the lower limb, muscles, usage of botox.
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AHATOMIYHI OCOBJUBOCTIJIIKYBAHHA CITACTHKH KIHIIBOK

Axmyansuicme. Cnacmuunicms € YCKAAOHEHHAM THCYIbIY, SKe NO2IpuLye AKicmb Jcumms nayicumie. Po3yMiHHA anamomiyHux
CIMPYKMYD, 3a1y4eHUx 00 Yb02o CIMAaHY, € HEOOXIOHOI YMOBOK YCNIUHO20 TIKVEAHHS 3 MIHIMATbHUM PUSUKOM YCKIAAOHEHD.

Mema oocnidscenns. Busnauenns anamomivnux cmpykmyp, wo 6epyme yuacms y CHACMUYHOCMI, pO3POOKA MemOOUKYU HAGUAHHS
iH exyit Gomoxca 3 GUKOPUCMAHHAM MPYRHO20 Mamepiay.

Mamepianu i memoou. Ilowyk inghopmayii 6 cyuacuux aimepamypHux oxcepenax, ii ananis, NOPiGHAHHA ma y3aeanivHeHHs. Memo-
Ou nNi020MOBKU MPYNHO20 MAMEPIALY 3 O0CHYNOM 00 NOBEPXHEBUX I 2NUOOKUX Wapie M 5316.

Pesynomamu 0ocniosceny. OOHUM (3 HAUNOWUPEHIWUX YCKIAOHEHb NICAs [HCYIbMY € CHACMUYHICIb KIHYIBOK, KA 6UHUKAE
BHACNIOOK NOPYULEHHS 2ATIbMIBHO20 8NIUEY HA MOMOHEUPOHU, BHACTIOOK NOUKOONCEHHS. OKPEMUX CIPYKIMYP 20108HO20 MO3KY I, 5K
HACIOOK, NOCMIUH020 CKOPOUEHHSI OKPEeMUX M 51318 6ePXHbOI ab0 HUXNCHbOI Kinyieku. HeoOXionicme uimko2o po3yMinHs CIpyKmyp,
sKI Oepymb yuacms y po3eumKy CRACMUYHOCMI, NPOOUKMOo8ana Hebesnekoro (abo iocymuicmio egpexmy) niKysanHus 3a 6i0cymHocmi
MAaKux OaHux.

Icnye Kinbka munogux nonodCeHb, NOG A3AHUX 3 AHAMOMIYHUMU OCOONUBOCMAMU 3ALYHEHUX CIPYKIYD Y CRACMUYHUX KIHYIBKAX.
Y yii cmammi mu pozensioaemo n’sime munogux noi0JCceHb 6ePXHIX KiHYIBOK, AKI 3ay4aroms M a3u nieud, nepeOntiuis, Kucmi ma epy-
Oell, i mpu NOJONCEHHS, AKI 3aTyYarmy auwe naivyi. ¥ cmammi mu onucyemo wicmes munosux nosuyiil. [lpu posensadi namonociunux
CMAanié Mu 36epmanu yeazy Ha 3a0IsHI M 513U Ma ix iHHEP8ayiro 3 KPOGONOCMAYAHHAM, OCKLIbKU PO3YMIHHS PO M 51318 gidiepae nep-
wouepeosy ponv y JKYBAHHI Yux CMAMis, a GUKOPUCIANHS IHBAZUBHUX MEMOOUK 0e3 HANENHCHUX 3HAHb YU HABUUOK MOJice NPU36ecmu
00 NOWKOONHCEHHS CYOUHHO-HEPBOBUX NYUKIE.

OO0Hum i3 HAUOIIbLWE NEPCREKMUBHUX MEMOOI8 NIKYSAHHS CNACMUYHOCMI KIHYIBOK € 3aCMOCy8anHs BOMOKCA, WO GUMALAE YIMKO20
PO3YMIHHS 3AIyYeHUX CmpyKmyp. Bukonanus maninynayiil 3 in ’exyicio 6omoxca 6e3 HaneicHoi nio2omoeKu Modice CHPULUHUMU CEPUO3HT
HacnioKu, maxi Ak mpomoo3, NOWKOONMCEHHSL CYOUHHO-HEPBOBUX NYYKIE MO0, a MAKOXC OYmMu NPUYUHOI0 8i0CYMHOCMI ehekmy 810 TiK)-
6amHsi. /[N mpeHy8anHs HABUUOK GUKOHAHHSL OAHOT MaHINyIAYil Ha Kageopi anamomii 1r00uHu XapKiecbKo20 HAYIOHANbHO20 MEOUUHO20
VHIgepcumenty po3pooieHo MemoOUuKy HAGYAHHS 86e0€HHIO OOMOKCA 3 BUKOPUCAHHIM MPYNHO20 MAmMepiay, KA ONUCAHA 8 CIAmmi.
Kpim moeo, ona yiei s memu MOXHCHA BUKOPUCIOBYBAMU WIMYYUHT CUMYIAYIIHI Mamepianu, a npoyedypy MOXCHA NPOBOOUMU Ni0 KOHMp-
onem Memooie izyanizayii, maxKux K YIbmpazeykK, Wo 0CoOIUE0 8aANCIUBO 3A HASAGHOCMI IHOUBIOYAIbHOT AHAMOMIUHOI 8apiabenbHOCM.
Pozyminus cmpykmyp, saKi 6epyms yuacms y po3eumiy CHACHMu4HOCHI, MAKOXC HeOOXIOHO 015t pobomu peabinimonozie.

Bucnosok. Cnacmuunicms — yacme yCKAaOHeHHs NICA IHCYIbMY, AKe GUKIUKAE Ne8Hi mpyOHOWi y nayieHmis i no2ipuiye axkicmo
ixXHb020 orcummsi. IcHy€e OeKinbKka Munogux CmaHie CRACMUYHOCIE 8EPXHIX [ HUNCHIX KiHYigok. OOHUM i3 HAUOLIbUL NePCREKMUBHUX Me-
Mo0i8 NIKYBAHHS € GUKOPUCAKHS OOMOKCA 0I5l PO3CAAONeHHS M '51318. 3aCmOCy8anHA Yb020 MemMOOy MONCIUBE TUUE 3d YMOBU YIMKO20
DO3VMIHHA CIMPYKMYP, AKI 6epymb yuacmy y CHACMUYHOCTI, THAKWe TiKY8aHHA He npuHece HeobXiOHo20 pe3yibmany abo npusgeoe 00
cepiiosHux yckaaonenv. Ha kaghedpi anamomii moounu Xapkiecvko2o HAYioHATbHO20 MEOUYHO20 YHIGepcumemy po3pobieHo Memoou-
KV HABYAHHSL Yill MAHINYAAYIT HA MPYNHOMY Mamepiai.

Knrwuoei cnosa: cnacmuunicms, iHcyibm, NAmono2is 6epxHvoi KiHYiéKuU, NAMON02ia HUXCHbOI KIHYIBKU, M A3, BUKOPUCTAHHS
bomoxcy.

Actuality. One of the most frequent complications
of a stroke is spasticity of the upper or lower limbs. This
problem creates significant discomfort for patients and
can significantly affect their quality of life. The study of
anatomical structures involved in the formation of spas-
ticity is a necessary condition for successful treatment
with minimization of the likelihood of developing com-
plications.

Purpose of research. Establishing the muscles in-
volved in the formation of spasticity states, as well as
neurovascular bundles, which are related to the blood
supply and innervation of these muscles, and the devel-
opment of a training technique for botox injection using
cadaver material.
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Material and methods. Search for information in
modern literary sources, its analysis, comparison and
generalization. The main methods of cadaver prepara-
tion with access to the superficial and deep muscles of
the limbs.

Research results. A stroke is a serious acute pathol-
ogy, which is accompanied by damage of various parts
of the brain. One of the complications of a stroke is
spasticity of the limbs, which is manifested by constant
muscle tension, as a result of which the limb acquires
a permanent unnatural position. This severe complica-
tion occurs in 25%-43% of cases (American Stroke As-
sociation, 2022, Spasticity). Pathological position and
constant tension leads to discomfort, pain and certain
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limitation of limb movements for the patient. Spasticity
is caused by the absence or reduction of the inhibitory
effect on the motoneurons of the corresponding nerves,
and, as a result, hypertonus with increased activity of
tendon reflexes. Inhibition, in its turn, is caused by dam-
age to the motor centers of the nervous system as a result
of a hemorrhagic or ischemic stroke. CNS damage can
be localized in some parts of the terminal and midbrain:
substantia nigra, reticular formation, basal nuclei and
other structures, which will lead to impaired motor neu-
ron inhibition and, as a result, spasticity. The need for
a clear understanding and identification of the foci of
damage to the structures of the nervous system is dictat-
ed by the development of methods of treating spasticity
and the danger that may arise iatrogenically if treatment
is provided without adequate anatomical and clinical
knowledge and appropriate practice of manipulations on
cadaveric or simulated material.

There are several so-called pathological conditions
of the upper limb, which are usually found in people
with spasticity. All of them differ in the type of work
performed in three joints: shoulder (art. humeri), elbow
(art. cubiti) and radiocarpal (art. radiocarpalis).

The first pathological condition is characterized by
a static position in the shoulder joint, flexion in the el-
bow joint (contraction of m. brachialis, m. biceps bra-
chii et m. brachioradialis) and flexion in the wrist joint
(contraction of m. flexor carpi ulnaris et m. flexor carpi
radialis). Innervation: n. musculocutaneus, n. radialis,
n. ulnaris, n. medianus. Arteries: a. radialis recurrens, a.
brachialis, a. radialis, a. ulnaris, aa. collaterales ulnares.

The second pathological condition is characterized
by adduction (excessive) in the shoulder joint (contrac-
tion of m. pectoralis major and m. teres major), flexion in
the elbow joint (contraction of m. brachialis, m. biceps
brachii and m. brachioradialis) and extension in the wrist
joint (contraction of m. extensor digitorum, m. exten-
sor carpi radialis et m. extensor carpi ulnaris). Innerva-
tion: n. pectoralis medialis et lateralis, n. subscapularis,
n. musculocutaneus, n. radialis, n. ulnaris. Arteries: a.
thoracoacromialis, a. thoracica lateralis, a. thoracica su-
perior, a. subscapularis, a. radialis recurrens, a. brachia-
lis, a. radialis, a. tarsea latiralis, r. perforans a. peroneae,
aa. collaterales ulnares, a. ulnaris, a. interossea posterior.

The third pathological condition is characterized by
adduction (excessive) in the shoulder joint (contraction
of m. pectoralis major and m. teres major), flexion in the
elbow joint (contraction of m. brachialis, m. biceps bra-
chii and m. brachioradialis) and a neutral position in the
wrist joint (balance of work of m. extensor digitorum,
m. extensor carpi radialis, m. extensor carpi ulnaris, m.
flexor carpi ulnaris et m. flexor carpi radialis). Innerva-
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tion: n. pectoralis medialis et lateralis, n. subscapularis,
n. musculocutaneus, n. radialis, n. ulnaris, n. medianus.
Arteries: a. thoracoacromialis, a. thoracica lateralis, a.
thoracica superior, a. subscapularis, a. radialis recurrens,
a. brachialis, a. radialis, a. tarsea latiralis, r. perforans a.
peroneae, aa. collaterales ulnares, a. ulnaris, a. interos-
sea posterior.

The fourth pathological condition is characterized by
adduction (excessive) in the shoulder joint (contraction
of m. pectoralis major et m. teres major), flexion in the
elbow joint (contraction of m. brachialis, m. biceps bra-
chii et m. brachioradialis) and flexion in the wrist joint
(contraction of m. flexor carpi ulnaris et m. flexor carpi
radialis) simultaneously with pronation of the forearm
(contraction of m. pronator teres). Innervation: n. pec-
toralis medialis et lateralis, n. subscapularis, n. muscu-
locutaneus, n. radialis, n. ulnaris, n.medianus. Arteries:
a. thoracoacromialis, a. thoracica lateralis, a. thoracica
superior, a. subscapularis, a. radialis recurrens, a. brachi-
alis, a. radialis, aa. collaterales ulnares, a. ulnaris.

The fifth pathological condition is characterized by
retroversion in the shoulder joint (contraction of m. pec-
toralis major, m. latissimus dorsi et m. teres major), ex-
tension in the elbow joint (contraction of m. triceps bra-
chii) and flexion in the wrist joint (shortening m. flexor
carpi ulnaris et m. flexor carpi radialis). Innervation: n.
pectoralis medialis et lateralis, n. thoracodorsalis, n. sub-
scapularis, n. radialis, n. medianus, n. ulnaris. Arteries:
a. thoracoacromialis, a. thoracica lateralis, a. thoracica
superior, a. transversa colli, a. subscapularis, aa. inter-
costales inferiors, a. brachialis, aa. collaterales ulnares,
a. ulnaris, a. radialis.

Special attention should be paid to conditions of
spasticity in which only fingers are involved.

The first pathological condition is characterized by
flexion of all fingers (contraction of m. flexor digito-
rum superficialis, m. flexor digitorum profundus, mm.
interossei et lumbricales). Innervation: n. medianus, n.
ulnaris. Arteries: a. radialis, a. ulnaris, arcus palmaris
profundus, arcus palmaris profundus.

The second pathological condition, or the so-called
“claw hand” is characterized by extension of the joints
of the proximal phalanges (contraction of m. extensor
digitorum, m. extensor indicis et m. extensor digiti min-
imi) and flexion of the joints of the middle and distal
phalanges (contraction of m. flexor digiti superficialis et
m. flexor digiti profundus). Innervation: n. radialis, n.
medianus, n. ulnaris. Arteries: a. interossea posterior, a.
radialis, a. ulnaris.

The third pathological condition, or the so-called “in-
trinsic lumbrical hand” is characterized by flexion of the
joints of the proximal and middle phalanges and a certain
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abduction of the little finger (contraction of m. flexor dig-
iti superficialis, m. flexor digiti profundus, mm. interos-
sei, mm. lumbricales and m. abductor digiti minimi) and
extension of the joints of the distal phalanges (contrac-
tion of m. extensor digitorum, m. extensor indicis et m.
extensor digiti minimi). Innervation: n. ulnaris, n. medi-
anus, n. radialis. Arteries: a. ulnaris, a. radialis, arcus pal-
maris profundus et superficialis, a. interossea posterior.

Some of typical spastic conditions also occur on the
lower limb.

The first pathological condition is characterized by
excessive adduction in the femoral joint (art. coxae)
(contraction of m. adductor magnus, m. adductor lon-
gus et m. adductor brevis). Innervation: rr. posterior et
anterior nervi obturatorii, r. nervi ischiadici. Arteries: a.
obturatoria, aa. perforantes, a. pubenda externa, a. pro-
funda femoris.

The second pathological condition is characterized
by simultaneous flexion in the femoral (art. coxae)
(contraction of m. psoas major et m. iliacus) and knee
joints (art. genus) (m. gracilis, m. semitendinosus, m.
semimembranosus et m. biceps femoris). Innervation:
rr. musculares plexus lumbalis, r. anterior nervi obtura-
torii, rr. musculares nervi ischiadici, n. tibialis, n. pero-
neus communis. Arteries: a. iliolumbalis, a. circumflexa
ilium profunda, a. circumflexa femoris medialis, a. pu-
benda externa, a. obturatoria, a. profunda femoris, aa.
perforantes, a. poplitea.

The third pathological condition is characterized
by constant extension in the knee joint (art. genus) (m.
quadriceps femoris). Innervation: n. femoralis. Arteries:
a. circumflexa femoris lateralis, a. profunda femoris, a.
femoralis.

The fourth pathological condition is characterized by
flexion of the foot in the talocrural joint (art. talocrura-
lis) (contraction of m. gastrocnemicus, m. soleus et m.
tibialis posterior) and simultaneous pronation of the foot
in the same joint (same muscles). Innervation: n. tibialis.
Arteries: aa. surales, a. tibialis posterior.

The fifth pathological condition is characterized by
bending of all toes (contraction of m. flexor hallucis lon-
gus et m. flexor digitorum longus). Innervation: n. tibia-
lis. Arteries: a. tibialis posterior.

The sixth pathological condition is characterized by
constant excessive extension of the big toe (contraction
of m. extensor hallucis longus). Innervation: n. peroneus
profundus. Arteries: a. tibialis anterior.

Currently, research is being conducted on the treat-
ment and rehabilitation of patients with spasticity. One
of the most promising developments is considered to be
the usage of botulinum toxin, an expensive and relative-
ly dangerous drug used to treat hypertonicity in muscles.

®diroTtepanis. Yaconuc

Understanding the localization of spasmodic muscles is
a necessary condition for successful treatment with this
method (Dr Stephen Rashford, 2018, pp. 23-24).

In addition, in order to prevent damage to vascular
and nerve bundles, it is necessary to clearly understand
and accurately know their anatomical and topographical
position relative to the spasted muscles. The need to un-
derstand the injection points depending on age, gender
and individual anatomical variability is dictated by the
dangerous consequences of drug administration (Che-
rukupalli C., 2007, pp. 572-574; Patnaik V., 2001, pp.
166—-169). When injected into blood vessels, the botu-
linum toxin can lead to thrombosis (HIGHLIGHTS OF
PRESCRIBING INFORMATION FOR BOTOX, 2021,
Instructions for Safe Use). Doctors who will perform the
relevant manipulations must know the specifics of the
location of the vascular and nerve bundles on the spasc-
tic limb, as well as practice appropriate training.

A method of simulation training on cadaver material
was developed in order to practice botox injection skills by
neuropathologists at the Department of Human Anatomy
of KhNMU. For this, preparations of the upper and lower
limbs of a middle-aged male and female person were spe-
cially prepared, were taken from the educational material
funds of the Department of Human Anatomy, which were
stored for a long time in a 5% formalin solution.

To improve the elasticity of the skin and muscles, the
preparations were first placed in a 5% ammonia solution
for 10 days, after that they were transferred to a glycerin
solution for 10 days. After achieving the necessary elas-
ticity of the skin and muscles, similar to that of alive, a
layer-by-layer preparation of the skin and subcutaneous
fascia with fiber was carried out. During dissection, the
recommended incision lines from the dissection manuals
were followed, taking into account access to the surfaces
of the muscle layer when skin flaps were turned away.

The skin flaps remained unseparated from the limbs
along a thin strip on the upper limb along the back sur-
face of the shoulder and forearm, and on the lower limb
laterally on the thigh and anteriorly on the lower leg.
Thus, the prepared preparation made it possible to simu-
late an injection at the points of its injections with subse-
quent control of the injection. Preparations of the upper
and lower extremities were prepared separately, with
vessels and nerves prepared in detail and preservation
of topographic formations in which the vascular-nerve
bundles are located. Manipulation on the natural training
preparation was carried out as follows.

An imitative substance — glycerin tinted green — was
injected, after which flaps of skin were opened and the
accuracy of injection into a specific point on the mus-
cle was checked. When the skin flap was turned away,
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it was immediately possible to see the injection site on
the surface of the muscles. To date, there is already a
wide variety of simulated synthetic preparations of both
whole bodies and their parts, which can also be used to
practice the treatment of spasticity by the intramuscular
injection of botulinum toxin.

It may also be advisable to perform this manipula-
tion under ultrasound control, especially considering
individual anatomical variability. The optimal place for
injections is the end plates of nerves deep in the muscle
mass. However, botulinum toxin diffuses quite well into
the surrounding tissue, which does not require manda-
tory fulfillment of this condition. For muscles that have
several structures separated from each other (such as m.
quadriceps femoris), it is necessary to make an injection
in each of the parts.

Also, information about the muscles involved in
spasticity is important for the work of rehabilitation spe-
cialists.

Conclusion. Spasticity is a frequent complication of
a stroke, which significantly reduces the patient’s quality
of life. The development of this condition is associated
with the termination of the inhibitory effect on motoneu-
rons. According to the anatomical structures involved in
the development of spasticity, several typical conditions
on the upper and lower limbs are distinguished. One of
the most promising methods of treating spasticity is the
use of botox to relax the muscles. Effective perfoming
of botox injections is possible only if the involved struc-
tures are clearly understood. Otherwise, the treatment
may not bring the desired result or even cause serious
complications. At the Department of Human Anatomy
of KhNMU, a method of teaching this manipulation was
developed using cadaveric material, which was prepared
in advance in such a way as to have access to the super-
ficial and deep layers of muscles, but at the same time
to be able to cover these layers with skin flaps, imitating
real conditions.
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