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LINGUO-SEMANTIC DESCRIPTORS OF PAINFUL SENSATIONS AS A MIRROR THERAPY
EFFECTIVENESS CRITERION IN TRAUMA-RELATED AMPUTATION

Petrash EA'™, Nikishina VB', Uynina-Pakulova NYu', Minaev AS', Melkonyan GG?, Lytkina KA?, Karpenko AS®

" Pirogov Russian National Research Medical University, Moscow, Russia
2 Hospital for War Veterans No. 3 of the Moscow City Department of Health, Moscow, Russia
3 Moscow State Institute of International Relations (University) of the Ministry of Foreign Affairs of the Russian Federation, Moscow, Russia

Assessment of phantom pain linguosemantic descriptors in patients with traumatic amputation during the use of mirror visual feedback is conditioned by the need
to find criteria for the psychological phantom pain adjustment effectiveness. The study aimed to assess the dynamic changes in linguosemantic pain descriptors
in patients with traumatic amputation showing manifestations of phantom pain syndrome as a criterion for evaluating the effectiveness of mirror visual feedback.
The total sample size was 87 males post traumatic amputation of one lower limb (age 23-55 years). The research methods were as follows: Mini Mental State
Examination (MMSE), original form for registering linguosemantic descriptors of phantom painful sensations, Visual Analog Scale (VAS) for phantom pain. The
detected dynamic changes in linguosemantic descriptors of phantom painful sensations in patients with traumatic amputation of the limb showing manifestations of
phantom pain syndrome during treatment involving the use of mirror visual feedback makes it possible to consider the following as effectiveness criteria: an increase
in the number of pain descriptors represented mainly by concrete and tangible nouns (makes it possible to reduce phantom pain severity rated using a 10-point
scale), as well as the increase in the number of descriptors that characterize non-painful unpleasant sensations at the linguosemantic level.
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The relevance of studying linguistic and semantic descriptors of
painful sensations in patients with trauma-related amputation
showing manifestations of phantom pain syndrome when using
mirror visual feedback results from the fact that manifestation of
phantom pain in patients with trauma-related amputation is, on
the one hand, combined with manifestations of post-traumatic
stress disorders, adjustment disorders, etc., and on the other
hand the fact of having phantom pain manifestations affects
and sometimes alters motivation for treatment in this group
of patients. This impairs social and psychological adaptation,
along with socialization in general in the long run [1]. According
to the earlier research data, a large proportion of patients with
amputations report severe manifestations of phantom pain,
which requires special attention during psychological follow-up,
rehabilitation training, and rehabilitation of such patients [2].

The mechanism underlying the phantom pain phenomenon
is still a matter of debate. When considering the mechanisms
underlying the emergence of phantom pain, four major
groups can be distinguished formed based on the perceptual
organization levels: peripheral, spinal, subcortical, and cortical
mechanisms of phantom pain development [3] (Fig. 1).

At the peripheral level of perceptual organization the
mechanism underlying the development of phantom painful
sensations is determined by neuroma formation in the damaged
area. Peripheral mechanisms can affect the processes occurring
in the upstream structures, but do not cause phantom painful
sensations [4]. At the spinal level of perceptual organization the
emergence of phantom painful sensations results from alteration
of the neuronal synaptic activity and involvement of nociceptive
neurons due to the increased afferent innervation area. This
leads to the formation of the abnormal algia system producing
painful sensations. Furthermore, the activity of inhibitory neurons
is significantly decreased, which interferes with the inhibition of
afferent impulses transmitted to the brain [5, 6].

At the subcortical level of perceptual organization the
mechanism underlying the development of phantom painful
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Functional alterations
of the sensorimotor and primary
motor cortex of the brain

sensations is determined primarily by specific functioning of
thalamic structures associated with amputation of any part of
the body [7-9]. The thalamus can become sensitized due to
the increase in the number of Na* channels in thalamic neurons
(this has much in common with peripheral sensitization). As a
result, pain sensitivity may increase again [9]. The cortical level
is represented by three mechanisms underlying the emergence
of phantom pain. The first mechanism is associated with
functional alterations in the somatosensory and primary motor
cortex resulting from the loss of any body part [10-15]. The
second one is related directly to the processes associated
with the body schema functions within the framework of the
proprioceptive memory concept [16-20]. The third central
mechanism underlying the development of phantom painful
sensations is considered within the framework of the integrative
model referred to as neuromatrix [14, 21, 22].

Regardless of the mechanisms underlying the development
of phantom painful sensations, a unique role in psychological
follow-up of patients with trauma-related amputation of the limb
showing manifestations of phantom pain syndrome is played by
subjective experiences of pain in the amputated limb. In addition
to somatic (physical) sensations, subjective experience of pain is
accompanied (characterized) by psychological perception of a
physical defect, as well as the experience of traumatic situation
of the limb amputation. Psychologically, the phenomenon of
subjective experience of pain associated with the loss of the limb
(phantom painful sensations) is determined as a combination
of pseudo-sensory sensations developed post amputations and
is manifested by the illusion of the presence of the body part lost
[23-26]. Subjectively, the phantom painful sensations are described
using the characteristics of their localization, nature (burning,
twisting, sharp, etc.), as well as subjective intensity assessment.

Thus, subjective experiences of phantom painful sensations
in patients with amputation of the limb represent a target for
psycho-corrective interventions when dealing with this group
of patients.

Transformation of body

scheme in terms of the

proprioceptive memory
concept

Integrative “neuromatrix”
model linking thalamic
and limbic structures with
the cortex

Re-organization of the thalamic structures ensuring processing of the input information from
the body’s areas adjacent to the amputated ones (since the information from the body part lost
is no more transmitted), resulting in the distorted perception of pain in the lacking body part

Transformation of spinal pathways (alteration of the synaptic activity of neurons with increasing
afferent innervation area, activation of silent synapses, increased NMDA receptor activity resulting
in the increased neuronal excitability)

Development of trauma-related neuromas (thickening of the nerve fiber formed by the ingrowth
of connective tissue neurofibrils into the central part of the nerve trunk) due to the peripheral

nerve damage

Fig. 1. Scheme hierarchical organization of the mechanisms underlying the emergence of phantom pain
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Fig. 2. Scheme of the conceptual model of the dynamic changes in linguistic and semantic descriptors of painful sensations in patients with trauma-related amputation of the
limb showing manifestations of phantom pain syndrome during therapy involving the use of mirror visual feedback

In the today’s practice of psycho-correction of the phantom
pain syndrome manifestations, there is a wide variety of
methods aimed at different targets and with different levels of
evidence [27-30]. In this paper we will present the procedure of
using the mirror visual feedback (mirror illusion) method during
psycho-correction of phantom painful sensations, as well as
the criteria to assess the procedure effectiveness.

V.S. Ramachandran was the first to propose the use of the
mirror visual feedback (or mirror illusion) [13]. In the further studies
conducted by both foreign (Deconinck F.J.A., Smorenburg
A.R.P., Benham A., Ledebt A., Feltham M.G., Savelsbergh
G.J.P, 2015; Zhang JJQ, Fong KNK, Welage N, Liu KPY., 2018)
[31, 32] and domestic (Mokienko O.A., Bobrov P.D., Soloveva
A.A., Isaev M.R., Kerechanin Ya.V., Ratnikova V.Yu. et al. 2025)
[33] researchers, it has been reliably determined that the mirror
visual feedback ensures activation of mirror neurons and motor
structures of the brain in the hemisphere ipsilateral relative to
the active arm, triggering activation of brain plasticity processes
[31, 32]. These neurophysiological mechanisms provided the
basis for mirror therapy [33]. The efficacy of using mirror visual
feedback to adjust the phantom pain syndrome manifestations
has been proven at the level of clinical (neurophysiological)
manifestations [26, 31, 33]. However, there is no consensus on
the criteria of the effectiveness of using this method to adjust
manifestations of subjective pain experiences in patients with
amputation of the limb.

Considering pathophysiological basis of the emergence of
phantom painful sensations, it can be noted that during cortical
rearrangement reported in specific cortical areas of the brain,
during therapy involving the use of mirror visual feedback,
the subjective experience of phantom painful sensations is
transformed, which is manifested at the level of linguistic and
semantic components (sensory linguistic descriptors and
metaphorical constructs — representations of pain), as well
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as subjective assessment of their intensity. The mechanism
underlying the effect of mirror visual feedback during therapy
of phantom painful sensations is based on eliminating
conflict between the visual and somatosensory afferentation
(proprioceptive memory concept) and blocking maladaptive
rearrangement processes in specific cortical areas (Fig. 2).

The phantom painful sensations occurring in patients with
trauma-related amputation of the limb are designated and
marked using the verbal (speech) means studied in linguo-
semantic characteristics — descriptors. The linguo-semantic
descriptors of phantom painful sensations are represented
by various components: sensory descriptors, metaphorical
constructs, affective-evaluative markers, and discursive
strategies. The specifics of using linguo-semantic constructs to
describe phantom painful sensations can include pain severity
characteristics. The corrective effect of using mirror visual
feedback is based on the fact that these components are
influenced by visual stimulation, somatosensory effect, motor
effect, and the linguo-semantic designation processes. The
mechanism of the use of mirror illusion is based on eliminating
conflict between the visual and somatosensory afferentation
(proprioceptive memory concept) and blocking maladaptive
rearrangement processes in specific cortical areas.

The study aimed to assess the dynamic changes of
linguistic and semantic descriptors of painful sensations in
patients with trauma-related amputation of the limb showing
manifestations of phantom pain syndrome as a criterion to
assess the effectiveness of using the mirror visual feedback.

METHODS
The study involved males aged 23-55 years post trauma-related

amputation of lower limbs, presenting with phantom painful
sensations. The sample size was 87 individuals post amputation
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Severe Extremely Intolerable
pain severe pain pain

Fig. 3. Example form in the phase of psychological diagnosis of linguo-semantic descriptors of pain in patients with trauma-related amputation showing manifestations

of phantom pain syndrome

of one lower limb (being through rehabilitation in a specialized
medical institution, 6-18 months had passed since the date of
amputation). All the respondents, who were through rehabilitation
at the time of assessment, received pain management medications
and physiotherapy prescribed by primary care physicians.
Inclusion criteria: preserved cognitive function estimated using
MMSE (Mini-Mental State Examination) — score 26-30 in
quantitative terms. Exclusion criteria: postoperative period (post
amputation of the limb); early recovery period (up to 6 months
since the date of amputation); severe pain syndrome; other
medical contraindications determined by a rehabilitation physician.

Research phases

A common form for recording of phantom pain manifestation
was developed in order to implement the first (diagnostic)
research phase. The form consists of four sections to be filled
sequentially one after another, starting from the first one. At first,
during the clinical interview, the patient named and recorded
certain characteristics of phantom painful sensations (phantom
pain descriptors), without limiting the number of those, and
recorded the severity score (1-10 points) for each specified
descriptor. Then he formulated and recorded a holistic image
of pain (as a verbal description) in the form, and also noted pain
severity on a scale ranging from 1 to 10. After that, he had to
indicate the level of amputation of the lower limb on the body
projections using a black pen, and then shade the regions of the
amputated limb where phantom pain was localized with a blue
pen. Furthermore, the regions of localization for the phantom pain
descriptors recorded in the initial section of the questionnaire
were marked with arrows in the body projections, adjacent to
the shaded areas. At the final stage of filing the form, the patient
had to assess the overall phantom pain severity using the Visual
Analog Scale (VAS) and circle the number from 1 to 10 (Fig. 3).
The second research phase (phase of psychological
correction) involved 40 patients, who were assessed by the
rehabilitation physician and admitted to remedial classes before

the psychological correction course involving the use of the
FaBo mirror [34]. Among 47 patients, who were not involved
in the phase of psychological correction using FaBo mirror,
21 individuals had pulled out; 26 individuals were not admitted
to mirror therapy by a rehabilitation physician for medical reasons.

The algorithm for conducting training sessions is illustrated
in Fig. 4.

Each patient with lower limb amputation attended five training
sessions within the mirror visual feedback program for adjustment
of phantom painful sensations.

The results obtained were quantified using the following
methods: descriptive statistics (the mean, standard deviation,
frequency analysis, mode, median, range) and comparative
statistics (Wilcoxon signed-rank test, Fisher angular transformation,
p < 0.05).

RESULTS

The relationship between the subjective phantom painful
sensation severity estimates and the rates of selecting the
descriptors to describe phantom painful sensations allowed
us to reveal high variability in both the number of descriptors
and the descriptor severity levels. However, the most common
ones (central descriptors) are represented by three variants:
“burning”, “shots”, and “tingling” (Fig. 5).

The rates of sensory descriptors in the group of war
veterans with amputation of the lower limb are distributed
as follows: “burning” (60%), “shots” (60%), “tingling” (46%),
“nagging pain” (20%), “spasm” (16%), “throbbing pain” (6%),
“freezing” (4%), “pulling pain” (12%), “itching” (12%), “twisting”
(18%), “chills” (4%), “numbness” (8%), “compression” (12%),
“dull ache” (6%), “shock” (10%), “lancinating pain” (6%).
When comparing the rates of linguo-semantic descriptors with
their intensity on a 10-point scale, discrepancy is reported: with
the maximum rates of phantom painful sensations in the form
of burning, shots, and tingling, the most intense are dull ache
and the sensation referred to as “itching”.
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2 sets of exercises
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for motor activation
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stimulation. Output
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Structure of a complete mirror therapy course

Fig. 4. Algorithm to conduct the psychological correction procedure involving the use of the FaBo mirror in patients with trauma-related amputation of lower limbs

We differentiate linguo-semantic descriptors of phantom
painful sensations into two groups: the descriptors, the names
of which are based on nouns, and the descriptors, the names
of which are based on adjectives. The noun-based linguo-
semantic descriptors are, in turn, divided into two groups:
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the descriptors designated by concrete and material nouns;
the descriptors designated by verbal nouns. The share of the
linguo-semantic descriptors represented by the adjectives
describing qualitative characteristics of phantom painful
sensations is 25%. The share of concrete and material nouns

o
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Fig. 5. Relationship between the rates of selecting the descriptors to describe phantom painful sensations and the subjective estimates of their intensity in patients
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the amputated limb part most distant from the stump, it was reported
in 88% of cases

Fig. 6. Scheme of phantom painful sensation localization in patients with trauma-related amputation of lower limbs

characterizing individual meanings, personal meanings, and
categorical structures of consciousness in designation of
linguo-semantic descriptors is 31% of the total number of
descriptors. The vast majority of descriptors are designated
by patients with trauma-related amputation of lower limbs with
verbal nouns, denoting the objectification of action. This linguo-
semantic descriptor form, transforming the dynamic process
into a static term, consolidates phantom painful sensations at
the level of linguistic semantic meaning.

As for their qualitative characteristics, the descriptors were
divided into two groups based on the criterion of painful nature:
naturally, painful sensations predominate and account for 75%
of the total number of descriptors (“burning”, “shots”, “tingling”,
“nagging pain”, “spasm”, “throbbing pain”, “pulling pain”,
“twisting”, “compression”, “dull ache”, “shock”, “lancinating pain”).
The non-painful descriptors characterizing unpleasant sensations
in the phantom limb that are not pain account for 25% and include
such labels, as “freezing”, “itching”, “chills”, “numbness”.

The following trends are distinguished based on the subjective
assessment of phantom painful sensation localization: in the distal
part of the amputated limb — 34%, in the distal to central part
of the amputated limb — 18%, the entire amputated part of the
limb — 22%, the proximal to distal part of the amputated limb —
6%, the entire amputated part of the limb with the spread onto
the intact part of the stump — 8%, central part of the amputated
limb — 4%, proximal to central part of the amputated limb — 6%,
proximal part of the amputated limb — 2% (Fig. 6).

According to the results of the painful sensation localization
subjective assessment, the vast majority of patients with
amputation of lower limbs specify the distal part of the amputated
limb, which is most distant from the stump, — 88% of cases.

In addition to quantitative analysis, qualitative analysis was
also carried out. The patients had to provide the description
of a phantom painful sensation holistic image and estimate
its subjective severity on a 10-point scale. A total of 88% of
patients with phantom painful sensations were able to provide

holistic images of pain. Three groups were formed based on
the phantom pain image characteristics. The first group of
images is characterized by involuntary movement of various
parts of the amputated limb (in 61% of patients). The following
speech constructs are used to describe the image of phantom
pain sensations: “toes curl”, “toes are twisted”, “toes bend”,
“the foot bends”, “the toes are stretching”. Clinical example:
“the toes are intertwined and one of those digs its nail into the
other and pierces it through”. The second group of images
is characterized by changes in the size and integrity of the
amputated part of the limb; it is represented in 20% of patients
with amputation of lower limbs. When talking, the patients use
such speech construct, as “the leg is swelling”, “a piece of
meat was torn off”, “the nail digs into another toe”, “the leg has
grown and is resting against the back of the bed”, “the nails are
moving away from the toes”. Such representation of the holistic
image of phantom painful sensations, as “the leg has grown
and is resting against the back of the bed”, can be considered
the clinical example. Patients of the third group represent the
images through description of the exposure to the external
stimulus (43% of patients). Such speech constructs, as

» oo«

“someone is pressing a bone on the skin”, “the toes are burnt
with a lighter”, “the leg is in the water”, “the leg is clamped in a
vice”, “the leg is pierced with an awl”, “an object falls on the
foot”, were used to verbally describe the holistic image.

The correlation analysis procedure allowed us to distinguish
two strategies of linguo-semantic designation of phantom
painful sensations in patients with trauma-related amputation
of lower limbs. The first strategy is determined by high
differentiation of descriptors with their low intensity in terms
of differentiation, but high aggregate intensity. This strategy
is confirmed by the identified inverse significant correlations
between the intensity of distinct linguo-semantic descriptors
and the total number of descriptors describing phantom pain
manifestations; as well as by the direct significant correlations
(r = 0.424) between subjective estimates of the holistic image of
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Fig. 7. Relationship between the phantom pain descriptor rates and manifestation intensity in patients before and after the training course involving the use of the FaBo mirror

phantom painful sensations and the VAS pain severity scores. This
system of correlations includes the descriptors characterized by
maximum rates or maximum intensity. Thus, the total number of
descriptors is related to the intensity of burning (r = —0.536) and
tingling (r = —0.429) being the most common descriptors; when
the intensity is high, the number of descriptors is correlated to the
intensity of nagging pain (- = —0.418) and twisting (- = —-0.504).
The data obtained suggest that the more differentiated is the
linguo-semantic designation of the phantom pain manifestation,
the lower is the intensity of single manifestations characterizing
the phantom pain painful nature.

The second strategy of the linguo-semantic designation
of phantom painful sensations in patients with trauma-related
amputation of lower limbs is manifested by low differentiation of
the descriptors with their high intensity (both aggregate intensity
and intensity of distinct descriptors). This strategy is confirmed
by the identified direct significant correlations between the total
number of descriptors and the intensity of low-rate linguo-
semantic descriptors: chills (r = 0.522), numbness (r = 0.427),
freezing (r = 0.416), pulling (- = 0.402) and clenching (r= 0.411)
pain; as well as between subjective estimates of the intensity
of distinct descriptors and the VAS pain severity scores. Thus,
it is clear that the more differentiated descriptors are used by
the patient to designate the phantom pain manifestations, the
higher the intensity of non-painful sensations represented by war
veterans with amputation of lower limbs in the linguo-semantic
constructs describing the phantom pain manifestations.

The second phase of the study involved 36 individuals
admitted to remedial classes involving the use of mirror visual
feedback out of 40 patients with trauma-related amputation
of lower limbs; they completed the full course, consisting of
five training sessions. Re-evaluation was conducted after
completing the training course.

Assessment of the significance of differences in the
number of descriptors and intensity of their manifestations
revealed significant differences in both rates of descriptors
and subjective estimates of their intensity. This shows that
the rate of such descriptors, as “burning” (o = 0.021), “shots”
(o = 0.018), and “tingling” (p = 0.018), which prevailed before
the remedial training course, significantly decreased after
completing the course of five training sessions. However, these
descriptors remained predominant. We should also note a
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significant increase in the rates of the linguo-semantic meaning
the non-painful sensations: “freezing” (p = 0.024), “itching”
(p =0.031), “chills” (p =0.019), “numbness” (p = 0.021), and
“‘compression” (p = 0.022) (Fig. 7).

Assessment of the dynamic changes in the relationship of
the linguistic forms used to designate the descriptors of painful
sensations and their semantic contents after the end of the
remedial training course involving the use of mirror visual feedback
also revealed significant differences. The percentage of verbal
nouns decreased significantly (from 44 to 35%), which suggests a
shift towards predominance of concrete and material nouns. The
percentage of the descriptors characterizing painful sensations
also decreased with increasing percentage of the descriptors
describing unpleasant (non-painful) sensations (from 75 to 68%).
According to reliable indicators, the system of correlations between
the number of descriptors of painful sensations in patients with
trauma-related amputation of lower limbs having phantom pain
and the intensity of painful sensations remained unchanged after
the remedial training course (the changes affected the values of
significant correlation coefficients only).

Thus, the research results obtained showed that mostly
verbal nouns characterizing the painful sensations’ duration
(meaning an action, process, or result of an action) are used
as linguo-semantic descriptors of phantom painful sensations
in patients with trauma-related amputation of lower limbs
showing manifestations of phantom pain syndrome with the
pronounced intensity that describe various painful sensations.

[t should be noted that four patients with trauma-related
amputation of the lower limb showing manifestations of phantom
pain out of 40 refused further procedures, reporting increased
phantom painful sensations, after one or two training sessions.
Patients complained that during and after the procedures,
the intensity of phantom painful sensations increased, arising
against the background of involuntary phantom movements of
the amputated part of the limb, which imitated the exercises and
movements performed during the procedure: “I feel the amputated
part more clearly, how it bends and flexes, aches and hurts”.

DISCUSSION

The image of pain is a holistic linguo-semantic structure,
the result of integration of various sensory modalities of
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painful sensations. The image of phantom painful sensations
presented in the authors’ interpretation is most close to
the linguo-semantic metaphorical constructs — figurative
expressions that contain causal and affective interpretations.
Such constructs often reflect not only the intensity of phantom
painful sensations, but also the patient’s attitude towards
this [35]. The differentiated nature of the verbal description of
phantom painful sensations in patients with trauma-related
amputation of the limbs involving the use of linguo-semantic
descriptors is in line with the results of the studies focused on
neurophysiological correlates involving the use of mirror visual
feedback, i.e. bilateral activation of primary sensorymotor areas
of the cerebral cortex [33], which, in turn, corresponds to the
cortical level of perceptual organization of the mechanisms
underlying the emergence of phantom painful sensations.
Subjective assessment of the phantom painful sensation
localization mainly in distal parts of the amputated limb can
be considered as the indirect evidence of the peripheral level
of perceptual organization of the mechanisms underlying the
emergence of phantom painful sensations [4].

The image of phantom painful sensations is represented
by variability of linguo-semantic descriptors and the image
description reflects the contents of the unique experience of
reliving and interpretation of various phantom painful sensations.
Integration of various sensation types in the verbal description of
the image of pain (tactile, muscular, stereognostic) suggests the
involvement of the associative cortex of posterior brain regions
ensuring synthesis and processing of multimodal information,
along with the primary motor and somatosensory cortex.

References

1. Morgan L., Aldington D. Comorbid chronic pain and post-traumatic
stress disorder in UK veterans: a lot of theory but not enough
evidence. Br J Pain, 2020.

2. Resnik L, Ekerholm S, Borgia M, Clark MA. A national study of
Veterans with major upper limb amputation: Survey methods,
participants, and summary findings. 2019.

3. Wu H, Saini C, Medina R, Hsieh SL, Meshkati A, Sung K. Pain
without presence: a narrative review of the pathophysiological
landscape of phantom limb pain. Front Pain Res. 2025; 6: 1419762.

4,  Collins KL. A review of current theories and treatments for phantom
limb pain. The Journal of Clinical Investigation. 2018; 128 (6): 2168-76.

5. Kondratev |IA, Dzhodzhua AV, Anankin AA, i dr. Sovremennye
predstavleniya o fantomnoj boli i metodah eyo lecheniya. Vestnik
nacional'nogo mediko-hirurgicheskogo centra im. N. I. Pirogova.
2025; 20 (3). Russian.

6. Kuffler DP. Evolving techniques for reducing phantom limb pain.
Exp Biol Med. 2023; 248 (7): 561-72.

7. Andoh J, Milde C, Diers M, et al. Assessment of cortical reorganization
and preserved function in phantom limb pain: a methodological
perspective. Sci Rep. 2020.

8. Florence SL, Hackett TA, Strata F. Thalamic and cortical contributions
to neural plasticity after limb amputation. J Neurophysiol. 2000; 83
(5): 3154-9.

9. Zhao P, Waxman SG, Hains BC. Sodium channel expression in
the ventral posterolateral nucleus of the thalamus after peripheral
nerve injury. Mol Pain. 2006.

10. Kaas JH. The reorganization of somatosensory and motor cortex after
peripheral nerve or spinal cord injury in primates. Prog Brain Res. 2000.

717. Rasmusson DD. Reorganization of raccoon somatosensory
cortex following removal of the fifth digit. J Comp Neurol. 1982.

12. Makin TR, Flor H. Brain (re)organisation following amputation:
Implications for phantom limb pain. Neurolmage. 2020.

13. Ramachandran VS, Hirstein W. The perception of phantom limbs.
The D. O. Hebb lecture. Brain: A Journal of Neurology. 1998.

14. Katz J, Melzack R. Pain "memories" in phantom limbs: review and

CONCLUSIONS

The linguo-semantic representation of the image of phantom
painful sensations with involuntary movement of various
parts of the amputated limb and disruption of the integrity of
these parts is characterized by qualitative differences from the
phantom pain representation described in terms of exposure
to the external stimulus. The other two groups of the linguo-
semantic representation of the holistic image of pain (in terms of
the external influence or changes in the size and integrity of the
amputated limbs) reflect the verbalized process of experiencing
the maladaptive cortical rearrangement in the primary motor and
somatosensory cortex, rearrangement of sensory maps, while
the latter group at the level of the linguo-semantic characteristics
represents the holistic image of phantom painful sensations in
terms of the subjective sensory-perceptive experience allowing
one to explain the origin of such sensations “as if | were holding
my hands over a fire,” “as if | were standing with my foot in
water”). The identified dynamic changes of the linguo-semantic
descriptors of phantom painful sensations in patients with
trauma-related amputation of the limbs showing manifestations
of phantom pain syndrome during therapy involving the use of
mirror visual feedback allows one to consider the following as the
effectiveness criteria: the increase in the number of descriptors
of painful sensations represented mainly in the form of concrete
and material nouns (allowing one to reduce the intensity of
phantom painful sensation assessed on the 10-point scale), as
well as the increase in the number of descriptors characterizing
non-painful unpleasant sensations at the linguo-semantic level.

clinical observations. Pain. 1990.

15. Maravita A, Iriki A. Tools for the body (schema). Trends in Cognitive
Sciences. 2004.

16. Anderson-Barnes VC, McAuliffe C, Swanberg KM, Tsao JW.
Phantom limb pain — a phenomenon of proprioceptive memory?
Med Hypotheses. 2009.

17.  DiPino G, Piombino V, Carassiti M, Ortiz-Catalan M. Neurophysiological
models of phantom limb pain: what can be learnt. Minerva Anestesiol.
2021.

18. Giaxoglou K. The Language of Pain: Expression or Description?
Journal of Greek Linguistics. 2009; 9.

19. Chiyohara S, Furukawa Jl, Noda T, Morimoto J, Imamizu H. Proprioceptive
short-term memory in passive motor learning Sci Rep. 2023.

20. Moseley LG. | can't find it! Distorted body image and tactile
dysfunction in patients with chronic back pain. Pain. 2008.

21. Bittar RG, Otero S, Carter H, Aziz TZ. Deep brain stimulation for
phantom limb pain. Journal of Clinical Neuroscience. 2005.

22, Giummarra MJ, Gibson SJ, Georgiou-Karistianis N, Bradshaw JL.
Central mechanisms in phantom limb perception: The past, present
and future. Brain Research Reviews. 2007.

23. Nikishina VB, Bobyncev Il, Petrash EA, Minyahina KA. Deskriptory
intraceptivnyh oshchushchenij pri fantomno-bolevom sindrome
u lyudej s amputaciej nizhnih konechnostej. Kurskij nauchno-
prakticheskij vestnik «CHelovek i ego zdorov'e». 2015; 3: 133-39.
Russian.

24. Zhang K, Ding L, Wang X, et al. Mirror therapy reduces excessive
variability of motor network in stroke patients: a randomized
controlled trial. Eur J Phys Rehabil Med. 2025; 61: 184-94.

25. Zhuang J, Lei X, Guo X, Ding L, Jia J. Motor and parietal cortex
activity responses to mirror visual feedback in patients with subacute
stroke: An EEG study. Clin Neurophysiol Pract. 2025; 10: 12-21.

26. Xie H-M, Zhang K-X, Wang S, et al. Effectiveness of Mirror Therapy
for Phantom Limb Pain: A Systematic Review and Metaanalysis.
Arch Phys Med Rehabil. 2022; 103: 988-97.

27. Sanabria-Mazo JP, Colomer-Carbonell A, Fernandez-Vazquez 0,

BECTH/K PIMY | 1, 2026 | VESTNIK.RSMU.PRESS | DOI: 10.24075/VRGMU.2026.007



ORIGINAL RESEARCH | PSYCHOLOGY

28.

29.

30.

31.

et al. A systematic review of cognitive behavioral therapy-based
interventions for comorbid chronic pain and clinically relevant
psychological distress. Front Psychol. 2023.

Bicego A, Delmal P, Ledoux D, et al. Self-Hypnosis for Phantom
Limb Pain: A Multiple-Case Study. OBM Integrative and
Complementary Medicine. 2022.

Lendaro E, Van der Sluis CK, Hermansson L, et al. Extended reality
used in the treatment of phantom limb pain: a multicenter, double-
blind, randomized controlled trial. PAIN. 2025; 166 (3): 571-86.
Marshall Wilensky. Eye Movement Desensitization and Reprocessing
(EMDR) as a Treatment for Phantom Limb Pain. British Columbia
School of Professional Psychology. Vancouver, British Columbia,
Canada. 2006.

Deconinck FJA, Smorenburg ARP, Benham A, Ledebt A,
Feltham MG, Savelsbergh GJP. Reflections on Mirror Therapy: A

Jlutepatypa

1.

10.

11.
12.
13.
14.
15.

16.
17.

18.

19.

20.

BULLETIN OF RSMU | 1, 2026 | VESTNIK.RSMU.PRESS | DOI: 10.24075/BRSMU.2026.007

Morgan L., Aldington D. Comorbid chronic pain and post-traumatic
stress disorder in UK veterans: a lot of theory but not enough
evidence. Br J Pain, 2020.

Resnik L, Ekerholm S, Borgia M, Clark MA. A national study of
Veterans with major upper limb amputation: Survey methods,
participants, and summary findings. 2019.

Wu H, Saini C, Medina R, Hsieh SL, Meshkati A, Sung K. Pain
without presence: a narrative review of the pathophysiological
landscape of phantom limb pain. Front Pain Res. 2025; 6: 1419762.
Collins KL. A review of current theories and treatments for
phantom limb pain. The Journal of Clinical Investigation. 2018;
128 (6): 2168-76.

Kongpatees W. A., [xomkya A. B., AvankuH A. A. n gp.
CoBpeMeHHble MpeacTaBneHns 0 aHTOMHOM 601 U MeTofax
€€ neveHns. BECTHUK HaUVIOHaIbHOrO MEANKO-XMPYPrUHECKOro
ueHTtpa um. H. /. Muporoea. 2025; 20 (3).

Kuffler DP. Evolving techniques for reducing phantom limb pain.
Exp Biol Med. 2023; 248 (7): 561-72.

Andoh J, Milde C, Diers M, et al. Assessment of cortical reorganization
and preserved function in phantom limb pain: a methodological
perspective. Sci Rep. 2020.

Florence SL, Hackett TA, Strata F. Thalamic and cortical contributions
to neural plasticity after limb amputation. J Neurophysiol. 2000; 83
(5): 3154-9.

Zhao P, Waxman SG, Hains BC. Sodium channel expression in
the ventral posterolateral nucleus of the thalamus after peripheral
nerve injury. Mol Pain. 2006.

Kaas JH. The reorganization of somatosensory and motor cortex
after peripheral nerve or spinal cord injury in primates. Prog Brain
Res. 2000.

Rasmusson DD. Reorganization of raccoon somatosensory
cortex following removal of the fifth digit. J Comp Neurol. 1982.
Makin TR, Flor H. Brain (re)organisation following amputation:
Implications for phantom limb pain. Neurolmage. 2020.
Ramachandran VS, Hirstein W. The perception of phantom limbs.
The D. O. Hebb lecture. Brain: A Journal of Neurology. 1998.
Katz J, Melzack R. Pain "memories" in phantom limbs: review and
clinical observations. Pain. 1990.

Maravita A, Iriki A. Tools for the body (schema). Trends in Cognitive
Sciences. 2004.

Anderson-Barnes VC, McAuliffe C, Swanberg KM, Tsao JW.
Phantom limb pain — a phenomenon of proprioceptive memory?
Med Hypotheses. 2009.

Di Pino G, Piombino V, Carassiti M, Ortiz-Catalan M. Neurophysiological
models of phantom limb pain: what can be learnt. Minerva Anestesiol.
2021.

Giaxoglou K. The Language of Pain: Expression or Description?
Journal of Greek Linguistics. 2009; 9.

Chiyohara S, Furukawa JI, Noda T, Morimoto J, Imamizu H.
Proprioceptive short-term memory in passive motor learning Sci
Rep. 2023.

Moseley LG. | can't find it! Distorted body image and tactile
dysfunction in patients with chronic back pain. Pain. 2008.

32.

33.

34.

35.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Systematic Review of the Effect of Mirror Visual Feedback on the
Brain. Neurorehabilitation and Neural Repair. 2015; 29: 349-61.
Zhang JJQ, Fong KNK, Welage N, Liu KPY. The Activation of
the Mirror Neuron System during Action Observation and Action
Execution with Mirror Visual Feedback in Stroke: A Systematic
Review. Neural Plast. 2018; 2018: 2321045.

Mokienko OA, Bobrov PD, Soloveva AA, Isaev MR, Kerechanin YaV,
Ratnikova VYu, i dr. Nejrofiziologicheskie markery illyuzii, vyzvannoj
zerkal'noj vizual'noj obratnoj svyaz'yu. Vestnik RGMU. 2025; 5:
91-99. DOI: 10.24075/vrgmu.2025.052. Russian.

Nikishina VB, SHagina ED, YUnina-Pakulova NYu, Petrash EA.
Metodicheskie rekomendacii po sposobu korrekcii fantomnyh bolej
metodom zerkal'noj terapii «Zerkalo FaBo». Moskva, 2024; 45 s. Russian.
Meltzoff AN, Moore MK. Explaining facial imitation: A theoretical
model. Early Development and Parenting. 1997.

Bittar RG, Otero S, Carter H, Aziz TZ. Deep brain stimulation for
phantom limb pain. Journal of Clinical Neuroscience. 2005.
Giummarra MJ, Gibson SJ, Georgiou-Karistianis N, Bradshaw JL.
Central mechanisms in phantom limb perception: The past, present
and future. Brain Research Reviews. 2007.

HukmwmHa B. B., BobeHues . W., Metpaw E. A., MuHaxvHa K. A.
[ecKpunTopbl MHTPaLENTUBHBIX OLLYLLEHWUA ApU PaHTOMHO-
00NeBOM CUHOPOME Y IOAEN C aMMyTaLMEN HXKHNX KOHEYHOCTEN.
Kypckuin  Hay4HO-MPaKTUYECKUA BECTHUK «YenoBek U ero
300poBbe». 2015; 3: 133-39.

Zhang K, Ding L, Wang X, et al. Mirror therapy reduces excessive
variability of motor network in stroke patients: a randomized
controlled trial. Eur J Phys Rehabil Med. 2025; 61: 184-94.
Zhuang J, Lei X, Guo X, Ding L, Jia J. Motor and parietal cortex
activity responses to mirror visual feedback in patients with subacute
stroke: An EEG study. Clin Neurophysiol Pract. 2025; 10: 12-21.
Xie H-M, Zhang K-X, Wang S, et al. Effectiveness of Mirror Therapy
for Phantom Limb Pain: A Systematic Review and Metaanalysis.
Arch Phys Med Rehabil. 2022; 103: 988-97.

Sanabria-Mazo JP, Colomer-Carbonell A, Fernandez-Vazquez 0,
et al. A systematic review of cognitive behavioral therapy-based
interventions for comorbid chronic pain and clinically relevant
psychological distress. Front Psychol. 2023.

Bicego A, Delmal P, Ledoux D, et al. Self-Hypnosis for Phantom
Limb Pain: A Multiple-Case Study. OBM Integrative and
Complementary Medicine. 2022.

Lendaro E, Van der Sluis CK, Hermansson L, et al. Extended
reality used in the treatment of phantom limb pain: a multicenter,
double-blind, randomized controlled trial. PAIN. 2025; 166 (3):
571-86.

Marshall Wilensky. Eye Movement Desensitization and Reprocessing
(EMDR) as a Treatment for Phantom Limb Pain. British Columbia
School of Professional Psychology. Vancouver, British Columbia,
Canada. 2006.

Deconinck FJA, Smorenburg ARP, Benham A, Ledebt A,
Feltham MG, Savelsbergh GJP. Reflections on Mirror Therapy: A
Systematic Review of the Effect of Mirror Visual Feedback on the
Brain. Neurorehabilitation and Neural Repair. 2015; 29: 349-61.
Zhang JJQ, Fong KNK, Welage N, Liu KPY. The Activation of
the Mirror Neuron System during Action Observation and Action
Execution with Mirror Visual Feedback in Stroke: A Systematic
Review. Neural Plast. 2018; 2018: 2321045.

Mokunerko O. A., bobpos I1. ., Conosbega A. A., Vicaes M. P,
KepedanuH A. B., PatHikosa B. FO. 1 gp. Hepoduaronornyieckie
MapKepbl WAMO31K, BbI3BAHHOW 3epKasibHON BU3yanbHOM
obpatHon cBA3blo. BecTHuk PIMY. 2025; 5: 91-99. DOI:
10.24075/vrgmu.2025.052.

HuknwnHa B. B., WarnHa E. 4., KOHuHa-MNakynosa H. tO.,
[Metpaw E. A. Metoaudeckme pekomeHzauum no crnocoby
KoppeKkUMM haHTOMHbIX 60Mel METOAOM 3epKanbHOW Tepanum
«3epkano ®abo». Mockea, 2024; 45 c.

Meltzoff AN, Moore MK. Explaining facial imitation: A theoretical
model. Early Development and Parenting. 1997.



