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FROM MECHANISMS TO TREATMENT
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ABSTRACT

The article is devoted to the supernumerary phantom pain. It is described as pain in

a supernumerary phantom limb. This is a very rare phenomenon with only sporadic
and brief descriptions in the literature. However, this syndrome brings great suffering
to the patient not only due to the feeling of pain, but also due to the complexity of its
description and the difficulty of understanding by the doctor. For simplicity, patients
draw a supernumerary limb and mark the location of pain on it. The pathogenesis
of supernumerary phantom pain is not completely clear. Therefore, the description
of each case is important for clinical practice. The article attempts to summarize the
available information about the etiology, pathogenesis, methods of diagnosis and

therapy of this syndrome.

pidemiology, etiology, and often — traumatic injury to the brain or
localization. Supernumerary spinal cord [7; 10], brain tumor, multiple
phantom limb (SPL) is a rare sclerosis, epilepsy [8], acute inflammatory

neurological syndrome. SPL refers to
the awareness of an illusory extra limb
in addition to the real regular limb.
Supernumerary phantom pain (SPP) is
even rarer phenomenon. Its description
is limited to individual clinical cases with
only sporadic and brief descriptions in the
literature. On average, according to the
literature, it occurs in every three patients
with SPL [10].
as a rule, it is the result of an ischemic

In the described cases,

or hemorrhagic stroke [2; 7; 15], less

demyelinating  polyneuropathy  [12].
Peripheral nerve and spinal cord lesions
may occur SPL. In most of the cases,
the SPL appears bilaterally, and it is
associated with SPP. The supraspinal
lesions include the frontal lobe, temporo-
parietal lobe, basal ganglia, thalamus,
and pons. These lesions may be located
either on the right or on the left side, but
more frequently, they are found on the
right side. The supraspinal lesions are

always contralateral to the side of the
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phantom limb, but SPP is not its obligatory
symptom. Supraspinal lesions are less
associated with phantom pain due to the
absence of pathologic changes on the
spinal cord or the peripheral nerves. SPLs
caused by the spinal cord or peripheral
nerve lesions differed qualitatively from
those caused by supraspinal lesions in
that they were more associated with
pain or other sensory discomfort [8]. It
is reported only a few cases occurring
in cervical incomplete spinal cord injury
(SCI) patients [4].

Phantom sensations accompanying
pain is well recognized in patients
suffering from SCI, and neuropathic pain
syndromes represent one of the most
disabling sequels of SCI. Patients with
Scl

thermoception,

completely lose proprioception,

and nociception,
and under such conditions, they may
the

dermatomal boundaries of the deafferent

experience severe pain within
limbs. Neuropathic pain syndromes often
persist for many years and are difficult to
treat. The sensation of a phantom limb
can vary widely, from painless discomfort
and uneasiness in the limb to continuous
extreme pain. These sensations in SCI
often resemble disorders in patients after
amputation of limbs [6].

Pathogenesis. The body without an
afferent pathway perceives SPL or SPP in
addition to the real limbs [3; 8]. Theories
about the origin of phantom sensations
can be divided into two directions,
depending on which mechanisms are
more involved in the implementation of
the pathological process — peripheral or
central. The true mechanisms underlying
these phenomena are still unclear. In
addition,
they may be the result of a psychological

there are suggestions that

disorder. It is most likely that both the
central and peripheral nervous systems
play a role in the formation of SPL, with
the central nervous system making a
more important contribution [5].

SPL and phantom limb sensations
are considered to be a violation of such
normal bodily perceptions. Most often,
SPL is the result of brain damage. In this
regard, the main theory of its occurrence
is associated with the reorganization of
the primary somatosensory cortex and
theresulting changein the normal scheme
of the body. Another theory declares a
dissociation between previously formed
ideas about sensorimotor representation
and a change in the connection between
the brain and a paralyzed limb because of
a pathological process [4].

The body schema undergoes constant
modification through the integration of
various sensory inputs and motor outputs.
Deafferentation in cerebral lesions causes
a perceptual disturbance between the
internal representation of the body
and sensory inputs from the ascending
pathways, leading to dissociation of body
images [10].

These illusory phenomena may be
caused by a loss of afferent information
due to sensory disturbances and an
inability to properly integrate multimodal
and motor information to create a normal
self-location experience. Just as the
destruction of sensory roots often leads
to the phenomenological experience of
an abnormal limb, the complete loss of
sensory and proprioceptive sensitivity
can reprogram an innate body image
into an erroneous one with the creation
of an illusory limb. In amputees and
SCI patients, the ability to control limb
movements is physically or neurologically
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lost. This discrepancy between the motor
command of the cortex and the lack of
sensory feedback from the peripheral
nervous system makes it difficult to
distinguish expected movements of
real limbs from unexpected movements
of illusory limbs. Another mechanism
explaining SPL in SCl is the reorganization
of subcortical brain structures after SCI
[4].

There is an assumption about the
reverberation of the
which

of our

mechanism of
corticothalamic circuits, store
sensory memories internal
representations. These representations
can be replaced during deafferentation,
resulting in the formation of a phantom.
At the same time, abnormal activity of
the thalamocortical closed loop may
underlie phantom phenomena. During
the movement of the SPL, an increased
signal is formed, depending on the level
of blood oxygenation. At the same time,
which

translate intention into action, can lead

undamaged premotor zones,

to the formation of a phantom under
which

worsens the correction of the discrepancy

conditions of deafferentation,

between expected and real movements

[12].

Methods. Functional magnetic
resonance imaging (fMRI) is most
commonly used to study SPL. SPL

movements are associated with increased
fMRI responses in motor areas and the
bilateral basal ganglia-thalamus [9; 13].
At the same time, the role of the
visual system is great in identifying this
perceptual discrepancy in conditions of
intact polymodal perceptual interaction.
It has been shown that in some patients,
vision can cancel not only the fact of
feeling a phantom limb, but also sensory

sensations inherent in phantoms, such as
pain [11].

In the absence of brain disease,
computed tomography (CT) and MRI scan
results, as well as electroencephalography
(EEG), may be normal. Neuropsychological
assessments usually cannot reveal any
deviation from the norm [1; 14].

Virtual
neuroprosthetics and other

reality, robotics,
methods
will certainly help to determine the
mechanisms of multisensory and cerebral

bodily representations [7].

Treatment. Phantom limb pain is a

complex condition, and standardized
treatment protocols for SPL have not
been developed. Phantom limb pain is
more difficult to treat than regular pain.
One of the important directions in the
treatment of such patients is the use
of the visual system in identifying this
perceptual discrepancy [4].

At the same time, some SPLs are not
visible and are not affected by either
the visual feedback of real limbs or
direct touch on a real limb. However,
in some patients, SPL or associated
sensory experiences such as pain can be
managed with visual feedback and tactile
stimulation of a real limb.

The neuropathic component of pain in
paralyzed and SPL patients can be reduced
with medication, but stimulation has
been shown to be effective in reducing
the intensity of SPL.

stimulation treatment may be effective

Visual-tactile

in improving SPL intensity in patients.
The advantage of this therapeutic tool is
that it is convenient to use and carry out
in patients with any localization of the
pathological process, for example, with
an injury to the cervical spine measures
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for the treatment of SPL [4].
The
phantoms s

duration of supernumerary

clinically unpredictable
(persistence varies from months to several
years). Thetemporalrelationship between
neurological recovery and the eventual
cessation of supernumerary phantoms
does not really indicate a direct causal
relationship. Based on the postulates that
the development of phantom pain may
be based on maladaptive processes in the
neuromatrix, various strategies are used
to normalize the cortical organization.
Visuomotor training has been shown to
reduce pain in most patients with SCI.
When using this method, it should be
borne in mind that its use in some cases
can cause pain or non-pain phantom
sensations in patients who did not have
them before, and also causes aggravation
of the existing pain syndrome. Therefore,
it should be borne in mind that such
methods are not without serious side
effects [6].

The main giving hope therapies for
phantom limb pain are mirror therapy

as phantom limb pain or type 1 complex
regional pain syndrome caused by sensory
motor incongruence. In addition, VVF is
effective in the treatment of SPP caused
by SCI. The use of these therapies results
in the compensation of lost somatic
information, which may in turn lead
to the restoration of motor command
of the central nervous system and the
unification of the sensory-motor loop in
sensory-deprived limbs to alleviate SPP
[5].
Some that

phantom pain can be alleviated with local

studies have shown
anesthesia in some patients, but their
use is significantly limited due to the
instability of the effect [10].

This article attempts to summarize all
known information about supernumerary
phantom pain, its most common causes
and localization options, known data
on the pathogenesis of this syndrome,
modern diagnostic methods and its
treatment. Of course, as the number of
cases of this syndrome increases, such

reviews will be supplemented with new

and virtual visual feedback (VVF). They information.

are effective treatments for pain such
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PE3IOME

50J1b B AONO/IHUTE/IbHOM KOHEYHOCTU NPU
NCEBOONONTUMENTUN: OT MEXAHU3MOB K
NNEYEHUIO

bypauar A. A6ycyeBa’, Kcenua b. MaHbiwesa®

tNlarecTaHCKUIA rocyAapcTBEHHbIM MeAUUMHCKUI yHMBepcuTeT, Kadeapa HepBHbIx 6onesHel,
MeANLMHCKOW reHeTUKN U Helipoxnpyprum, r. Maxadkana, Poccuitickas Pegepauma

CraTtba nocsaweHa 6011 B AONONHUTENBHON KOHEYHOCTU MNPU NCeBA0NONNMENNN.
3To o4eHb peaKoe ABAeHMe, AN KOTOPOro B INTepaType MMEIOTCA NLLb KpaTK1e onu-
caHuA. OaHaKo 3TOT CMHAPOM NPUHOCUT Cepbe3Hble CTPaAaHNA NaUUeHTY He TObKO
M3-3a oulylleHna 6011, HO U BBUAY C/IOMHOCTM €ro ONMCaHuA U TPYAHOCTM NOHUMA-
HUA Bpa4yoM. [na NpocToTbl 06BbACHEHUA NaUMeHTbl 06bIYHO pUCYIOT Ha Bymare gonon-
HUTE/IbHYI0O KOHEYHOCTb M OTMeYaloT Ha Hell oKkanusauuio 6oau. MNatoreHes Takoro
BapvaHTa 60/ 40 KOHLA He AICeH, NO3TOMY OMUCaHWE KaKAOro OTAe/bHOro Cay4as
Ba)KHO AN KNMHMYECKOMN NPaKTUKK. B cTaTbe NnpeanpuHATa NoNbITKa 0606WMTL MMe-
lolmMecs ceegeHna 06 3TMONOrMK, NaToreHese, MeToAax ANarHOCTUKM U Ne4eHNN 3TOro
CUHAPOMA.CTU KPOBOTOKA B UMCKAATEPasIbHOMN CpeaHel MO3roson aptepum Ha 20-35%
B C/lydae 3HaYUTENbHOM U3BUTOCTM AN Nepernba COHHOM apTepun.

KnioueBble cnoBa: cBepxLwTaTHas GaHTOMHAA KOHEYHOCTb, CBepXLWTaTHanA GaHTOMHas 60ob,
sTMOMaToreHes, ANarHocTMKa, Tepanua

44



45

I Burliyat A. Abusueva, Kseniia B. Manysheva

6390330

0535898000 300YMab g3bGmInMma §3030ma
53LyzEM3mmadgmanab EAML: 394560D39d0ws6
d39Mbsmmdsdwmy

@m0 o. 93mbegzs’, Jbgbos 3. 3560dg3s'

'©omgb@bob bobym3Bogm Ladgwaznbm MbaggMbo@g@n, bgMgnmo s935093gdab, Ladgma(306m 3g69@030L s bgotimd-
0G@a00b 3omgEms, Jobsh 3oms, Bnbgmolb ggogszns

LEOG0S dg9b9ds BLgzEM3MmMNdgemoal EMML sds@gdomn oMol ggsb-
GmINA §3030mb, Moz Ldzdomm 0dz00m0 Bgbm3gbos, MmMImals dgbobgds(s bo-
3900(306m mo@gMe@nmado dbmmmm L3mMaymo s 33060y nbxrm@mdsznal
dmdogdss dgbadmagdgmo. dombgosgem ndgnommdabs, 3 LoboMM3nl o@mbgdm-
30l 35309680 0&obKgds 5Md FbmEm 8 3ogomab dgamdbgdal asdm, sMsdgwm
03 3gadbgdals 5mbgFmnbs s ggndabmgal 580b goa39306980b LoGorymals godm.
830300l go3m(3930b aoboswgnmgdmam, 3530968900, Mmame(z Bgbo, Jo-
momEdg 6380396 o35@gb0m oM@ s Fommmgdgb §3ogomal sgomb.
03 0dal @gngomal 3s0magbgbo dmmmdeg dgbbogmomo o6 sMob. sdo@ma,
moommgymo 0bngomsmycn dgdmbzgzol ombgms dombyg 360d3bgmmaabos
30b0 gm0 360 3obmgal. bGs@nodn g3@nmmdom dg3o%53mo GobBmInHo
830300l LobEMmM3alb gGommmaoal, 3ommggbgbab, ©0sabmb@nncn dgmm-
©900bos o 339Mmbammdals dgbobgd sMbgdama nbgm®mads(zns.

Ly 3356dm bogyzgdo:s6@mINMa oMM, BbGMBNE G3ognma, g@om3smmaqbgdo, asg-
BmbE0gs, cmgMadns



