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Abstract

Introduction: The perception of one’s own body, its mental representation, and emotional attitude to it are the components of so-
called “body image” [1]. The aim of the research was to analyse phantom pain and non-painful phantom sensations as results of limb
loss and to explain them in terms of body image distortion.

Material and method: Three methods were used in the study of 22 amputees (7 women and 15 men, between 43 and 76 years old,
M =61, SD = 11.3): (1) a clinical interview; (2) The Questionnaire of Body Experiencing after Limb Amputation; (3) modified version of
The Pain Questionnaire based on The McGill Pain Questionnaire.

Results: The prevalence of phantom limb pain was 59%. Some various non-painful phantom sensations after amputation were
experienced by 77% of respondents. There was a statistically significant relationship between phantom pain and non-painful phantom
sensations in a group of participants experiencing phantom limb phenomenon at the moment of the research.

Conclusions: Deformation of body image in the form of phantom pain and non-painful phantom sensations is a frequent experi-
ence after limb loss. We suggest that phantom limb is a form of out-of-date or inadequate body image as an effect of the brain activity
trying to keep a kind of status quo. A co-occurrence of non-painful phantom sensations and phantom pain suggests that these both forms
of post-amputation sensations may share neural mechanisms. Results indicate, that there exists somatosensory memory which may be
manifested in similarities between pre- and post-amputation sensations.
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Streszczenie

Wprowadzenie: Na obraz ciata sktada sie percepcja wtasnego ciata, jego mentalna reprezentacja oraz stosunek emocjonalny wo-
bec niego [1]. Celem badania byta analiza bélu fantomowego i nie zwigzanych z bélem doznan fantomowych jako rezultatu utraty kon-
czyny oraz préba ich wyjasnienia w kategoriach znieksztatcenia obrazu ciata.

Materiat i metoda: W badaniu 22 os6b po amputacjach konczyn (7 kobiet i 15 mezczyzn w wieku od 43 do 76 lat, M = 61, SD =
11.3) zastosowano trzy narzedzia: (1) wywiad kliniczny; (2) Kwestionariusz Do$wiadczania Wiasnego Ciata Przez Pacjenta Po Amputa-
cji Konczyny; (3) zmodyfikowana wersje Arkusza Doznan Bélowych, opartego na The McGill Pain Questionnaire.

Wyniki: Bél fantomowy wystapit u 59% uczestnikéw badania, natomiast réznorodne doznania fantomowe nie zwigzane z b6lem
byly relacjonowane przez 77% badanych po amputacjach konczyn. Stwierdzono statystycznie istotny zwiazek miedzy bélem fantomo-
wym a doznaniami fantomowymi nie zwigzanymi z b6lem w grupie os6b do$wiadczajacych zjawiska koniczyny fantomowej w momencie
badania.

Wnhioski: Znieksztatcenie obrazu ciata w postaci bélu fantomowego i nie zwigzanych z bdlem doznan fantomowych jest czestym
do$wiadczeniem oséb po utracie konczyny. Sugerujemy, ze koniczyna fantomowa jest forma nieaktualnego lub nieadekwatnego obrazu
ciata, wynikajacego z aktywnos$ci moézgu, ktdry stara sie zachowaé rodzaj status quo. Wspétwystepowanie doznan fantomowych nie
zwigzanych z bélem i bélu fantomowego wskazuje, ze obie te formy doznan poamputacyjnych maja wspélne podtoze neuronalne. Wyni-
ki sugeruja, ze istnieje pamie¢ somatosensoryczna, ktora przejawia sie w podobienstwie doznan przed- i poamputacyjnych.

Stowa kluczowe: zjawisko konczyny fantomowej, bl fantomowy, obraz ciata, pamieé somatosensoryczna

Introduction

One’s body is not only a material foundation of hu-
man existence, but also a particularly important source of
stimuli to which we react. The ability of cognitive conceiv-
ing of own body, including its parts and boundaries is
called somatognosis or “body sense” [2]. Cognitive psy-
chology and neuropsychology (or broadly: cognitive neu-
roscience) in their analyses use mostly a term “body rep-

resentation” to describe a mental model of a body which
is created in human minds, and evidence its complexity
and specificity [3,4]. It is suggested that body representa-
tion relies on multisensory data integration [4,5], engages
networks of numerous brain regions [6], and is a multi-
dimensional concept within which various types of repre-
sentations may be distinguished, depending on adopted
criteria [4,7,8]. Taking into consideration a level of control
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and awareness of own body, body schema and body image
are separately described [1]. Body schema is related
mainly to unconscious integration of proprioceptive sig-
nals [9], especially in the context of motor activity and
body position [1]. It is described in terms of a system of
sensorimotor capacities, which create a dynamic (online)
representation of spatial and biomechanical properties of
one’s body. Body schema is based on automatic schemas
and operates typically beyond intentionality but it may be
incorporated into volunteer and goal-directed perform-
ance [1,3,4,10]. Body image includes conscious perception
and understanding of a body, as well as emotional attitude
and behaviour towards it. This is a kind of abstract set of
dispositions and states, in which one’s body is an inten-
tional object. Body image is usually referred to psycho-
logical dimension, while body schema applies mainly to
the neurological one [1,10]. Although body schema and
body image are distinct systems, they usually interact and
influence each other during daily activities. On the other
hand, they may be dissociated in case of neurological
deficits or neuropsychological dysfunctions. For instance,
intact body schema but distorted (or incomplete) body
image are observed in unilateral neglect in personal
space. Conversely, in sensory peripheral neuropathy,
body image remains unimpaired, whereas body schema is
disturbed or even abolished [1,3,11,12].

An example of body image malformation is phantom
phenomenon which is defined as feeling pain or non-
painful sensations, which come from absent body parts or
organs [13-15]. Phantom pain in patients after limb am-
putations is said to be a frequent phenomenon. Various
publications give out different proportions of patients
who experience this kind of pain, depending on sample
characteristics and methods of assessment. The percent-
ages range between 0.5% and 100% [13,16-18], what
causes difficulties in drawing unambiguous conclusions
about the incidence of phantom pain. There are many
factors which are perceived to be associated with phan-
tom pain occurrence and development, such as age, pros-
thetic use, time elapsed since amputation or sex [19].
Apart from its prevalence, phantom pain is discussed in
terms of its frequency in a single patient, duration, inten-
sity and qualitative descriptors [13,15-17,20-25]. Phan-
tom pain may change its intensity or quality or even dis-
appear over time [15]. Probability of phantom pain occur-
rence is enhanced by pre-amputation pain [16].

Similarly to phantom pain, proportion of patients
reporting non-painful phantom sensations is diverse and
depends, among others, on method of data gathering and
time which passed from an amputation [16]. Most often it
is stated that non-painful phantom sensations occur in
from 70% to 100% of the questioned [26]. The sensations
appear significantly more frequently in patients suffering
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from phantom pain than those who are free from this kind
of pain [16,26]. It is also observed that they are more
often of kinetic and kinaesthetic than exteroceptive na-
ture [26]. Patients after limb amputations experience
various numerous non-painful phantom sensations
[15,27,28]. Pins and needles are the most often reported
ones. Furthermore, patients relate to feel warmth or cold,
pressure, itching and telescoping [15,18,29].

Patients after limb amputations constitute interest-
ing, but still occasionally described part of population.
Phantom sensations and phantom pain are quite seldom
the subject of systematic studies and are investigated
using rather inconsistent methodology, which causes
difficulties in drawing coherent conclusions. Research on
these phenomena seems important for at least two rea-
sons. First, as studies suggest, phantom pain and non-
painful phantom sensations are quite common results of
limb amputation. Knowledge on their properties and
specificity, as well as identification of factors influencing
their onset and modifying their features, induce methods
of prevention and treatment in case of intense pain or
bothersome non-painful sensations. Second, studies on
phantom phenomena in amputees extend the insight into
body-related data processing. They shed light on body experi-
ence and body representation in untypical bodily conditions,
demonstrating how nervous system copes with a body part
loss. Consequently, they help to comprehend mental model of
one’s body, its features, and mechanisms of formation.

This study aimed to describe consequences of a limb
loss on body experience. The research was focused on
incidence, properties, and dynamics of phantom pain and
non-painful phantom sensations, as well as on relation
between them after limb amputation. We expected, that
both phantom pain and non-painful phantom sensations
would be commonly reported by amputees, although
percentage of subjects experiencing phantom phenomena
at the moment of the research would be lower than the
percentage of subjects experiencing phantom phenomena
in the past (briefly after a limb loss). In line with previous
studies, we anticipated the variety of qualities of phantom
pain and non-painful phantom sensations. Moreover, we
predicted that there would be a relationship between
phantom pain and pre-amputation pain, as well as be-
tween non-painful phantom sensations and phantom pain.
It was hypothesized that phantom limb phenomenon is an
example of body image distortion and should be inter-
preted in terms of disturbed body representation.

Method
Participants

The research group consisted of 22 participants
(7 women and 15 men) between 43 and 76 years old
(M =61, SD = 11.3). Most respondents were the clients of
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The Public Institute of Orthopaedic Equipment or occu-
pants of nursing homes in one of the big cities in Poland.
The event which most frequently led to an amputation
was vascular disease. All causes of amputations in the
group are presented in Table 1. Nineteen of the ques-
tioned (86.4%) had one limb amputated, two persons -
two limbs, and one participant of the research lost four
limbs. Detailed data on the level of amputation are en-
closed in Table 2. The individuals differed in period of
time after an amputation. The shortest was 4 months,
while the longest amounted nearly 62 years (M = 10.6
years, SD = 16.4). There were no complications nor prob-
lems after amputation in 17 respondents (77%). Five
amputees (23%) reported complications in the form of
troublesome wound healing, growth of the amputated
bone or symptoms of the primary disease, which had led
to the amputation. In all these cases reamputations were
necessary. Prostheses at the time of the research were
used by 12 of the questioned (54.5%), mainly irregularly,
which made impossible to assess on average for how
many hours a day prostheses were applied.

Table 1. Events leading to amputation in the group (N = 22)

Events Number (%)

Vascular disease 13 (59.1%)

Diabetes 4 (18.2%)

Accident 4 (18.2%)

Frostbite 1 (4.5%)
Materials

Three methods were used in the study: (1) a clinical
interview, (2) The Questionnaire of Body Experience After
Limb Amputation [30], (3) a modified version of The Pain
Questionnaire which was based on The McGill Pain Ques-
tionnaire translated into Polish by K. Sedlak [31,32].

The interview was composed of two parts: questions
concerning general information about participants of the
study and questions referring to the amputation.

The Questionnaire of Body Experiencing after Limb
Amputation has been worked out for the study due to lack
of such methods in Polish [30]. It includes three parts: 1)
painful sensations, 2) non-painful sensations, and 3)
methods of coping with post-amputation sensations.

The Pain Questionnaire is a method based on The
McGill Pain Questionnaire and is commonly used by an-
aesthetists involved in pain treatment. The Polish version
of The Pain Questionnaire translated by K. Sedlak consists
of 74 adjectives. An individual’s task is to choose the ad-
jectives, which best describe experienced pain [31,32].
Participants of a study are also asked to mark a location of
pain on a scheme of human body [31]. For the study a
modification of the questionnaire was applied: the first task
was to mark pain location on an enlarged (in relation to the
original) scheme of human body; afterwards a subject was
asked to describe pain intensity on the 11-degree scale (origi-
nally 6-degree scale is used), where 0 means “no pain” and 10
stands for “the most intense pain one could imagine”.

Procedure

Due to specificity of phantom phenomena, purposive
sampling was applied. An including criterion was a fact of
limb or limbs loss, at least at the level of foot in case
of lower limb, and at the level of hand in case of upper
limb. Furthermore, termination of hospitalisation and a
phase of wound healing (about 3 months) was taken into
account, which was supposed to eliminate problems and
sensations proceeding from an injury. The research was
anonymous and participants did not receive any reward.
After the respondents gave informed consent, they were
examined individually once. An assessment session lasted
from 15 to 60 minutes, depending on quantity and variety
of reported phantom sensations.

Results
Phantom pain

Phantom pain was reported by 59% of participants
(13 persons), while 41% of them have never experienced
this kind of pain. Phantom limb pain appeared to be a
dynamic phenomenon: 23% of participants (3 persons, N
= 13) who have ever felt the pain, reported that it had
passed off over time or as a result of treatment. Ten am-
putees, which is 77% of those who have ever gone
through phantom pain (N = 13), have been experiencing it
till the research. Eventually, at the moment of the study,
phantom pain was reported by 45% of all respondents.

Table 2. Number of lost limbs and location of amputation (N = 22)

Number of amputated limbs | One limb Two limbs
Amputated limb Lower Upper Upper I Lower Four limbs
Side of amputation Left Right Left | Right
Number and percentage of 9 9 - 1 2 1
subjects 41% 41% 4.5% 9.1% 4.5%
Level of amputation (number | below knee (5) above below knee (1- | upper limbs: above
of subjects) above knee (13) elbow (1) right side) elbow
above knee (1- | left lower limb: above
both sides, 1 left | knee
side) right lower limb:
the level of knee
Total % 86.4% 9.1% 4.5%
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Average intensity of phantom pain determined on
11-degree scale by a current pain intensity index was 5.7
(SD = 2.24, min. = 2, max. = 10). In the study phantom pain
was predominantly described as penetrating (70% of
questioned), tiring and nagging (60% in each case). The
most frequent word descriptors chosen to characterise
phantom pain are presented in Table 3.

Table 3. The most frequent word descriptors chosen to
characterise phantom pain (N = 10; multiple choice was
possible)

Pain quality Number and percentage of subjects
Penetrating 7 (70%)
Tiring o
Nagging 6 (60%)
Stabbing

Tingling 5 (50%)
Radiating

Scalding

Annoying 4 (40%)
Troublesome

Vibrating o
Tugging 3 (30%)
Pulsing o
Pulling 2 (20%)

Non-painful phantom sensations

In the present study, non-painful phantom sensa-
tions were more frequent than phantom pain. At the mo-
ment of the research they were reported by 68% of par-
ticipants who still had an impression of possessing a limb,
although it had been amputated. However, a percentage of
amputees who have ever experienced non-painful phan-
tom sensations was higher. Similarly to phantom pain,
non-painful phantom sensations receded in 9% of the
respondents. In the examined group 23% of participants
have never experienced non-painful phantom sensations.
A great variety of non-painful sensations was observed in
the group (see Table 4).

Table 4. The number and percentage of subjects experi-
encing different qualities of phantom sensations (N = 15;
multiple choice was possible)

Non-painful

phanlt)om sensations Number (%)
Ability to move 13 (87%)
Itching 12 (80%)
Pins and needles 11 (73%)
Going numb 7 (47%)
Warmth 6 (40%)
Increased muscle tone 6 (40%)
Cold 3 (20%)
Phantom limb fatigue 1 (7%)

The sensations did not appear individually, but many
amputees experienced several sensations simultaneously
(e.g., itching, tingling and warmth). An impression of
“moving” phantom limb was notified the most frequently.
A lot of participants reported that they could move it
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intentionally (e.g. stretch and crook a limb or move
fingers), automatically and unconsciously (e.g. attempt-
ing to walk or jumping out of bed to answer the
phone), and habitually (wagging the leg while talking
with a researcher). Some amputees reported pins and
needles, itching, tingling, feeling of altered temperature
of phantom limb described as warmth or cold, and
feeling of increased muscle tone, especially while walk-
ing. Furthermore, untypical phantom sensations were
observed in the group. Some subjects reported that a
limb was altered in relation to its pre-amputation
state. With regard to length, position or features it
differed from “original” (pre-amputation) body part.
Two amputees reported a phenomenon of telescop-
ing, in which a phantom limb becomes gradually
shorter, whereas no amputee observed a sensation of
lengthening or stretching limb beyond its original
size. Four participants of the study had an impression
of possessing a limb which was able to penetrate
through objects. Three amputees reported that their
limbs or their parts were crooked and it was impossi-
ble to stretch them. One person experienced phantom
limb paralysis and another one reported that his
phantom fists were clenched.

Factors associated with phantom pain and non-
painful phantom sensations

Inquiring into mechanisms of phantom pain onset
and persistence, an analysis of co-occurrence of phan-
tom pain and pre-amputation pain was conducted. In
the group of participants who had experienced pre-
amputation pain as a result of long-lasting disease
process prior to amputation, 71.4% had ever reported
phantom pain, whereas 37.5% were free from pre-
amputation pain but had ever experienced phantom
pain. Among participants who suffered from phantom
pain at the moment of the study, the proportions of
respondents with and without pre-amputation pain
amounted to 50% and 37.5% respectively. The analysis
did not indicate statistically significant differences
between incidence of phantom pain felt both ever (p =
.068) and at the moment of the study (p = .281) in
groups of subjects with and without pre-amputation
pain. An analysis of relationship between phantom
pain and non-painful phantom sensations experi-
enced ever and currently (at the moment of the re-
search) was also performed. There was no statisti-
cally significant association in a group of participants
who had ever experienced phantom limb phenome-
non (¥ 2% = 1.08, p > .05), while such relation was
observed in subjects reporting phantom pain and
non-painful phantom sensations at the moment of the
research ( ¥ 2=4.09, p <.05).
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Discussion

The aim of the research was a qualitative and quan-
titative analysis of sensations related by amputees in
terms of phantom pain and non-painful phantom sensa-
tions. Describing phantom limb phenomenon, we focused
on two time parameters: phantom sensations which oc-
curred in any moment after amputation (whenever) and
phantom sensations which were experienced at the mo-
ment of the research (currently). An attempt to identify
relationships between phantom pain and non-painful
phantom sensations, as well as association between pre-
amputation and phantom pain was also undertaken.

Considering phantom pain, it was quite common
consequence of a limb loss in the participants of the study,
which is in line with previous reports [13,16,17]. In some
individuals phantom pain receded spontaneously or as a
result of pharmacotherapy. On the one hand, the result
suggests that phantom pain is a dynamic phenomenon
which may disappear or change its intensity or quality
across time [15]. On the other hand, it corroborates the
possibility to reduce painful phantom sensations with
medication, as shown in the literature [20,31]. In the
study, phantom pain was predominantly characterised by
the questioned as penetrating, tiring and nagging, al-
though its average intensity reached the level of moderate
pain. The data are similar to results reported in the litera-
ture, where mean intensity amounts 5 points on 0 to 10
scale [13]. Searching for explanations of phantom pain
origins, it was hypothesized that pre-amputation pain is a
kind of risk factor for pain located subsequently in phan-
tom limb. Sensations connected with original disease
process, experienced even briefly before amputation, may
later manifest themselves as phantom pain. Interestingly,
it is pre-amputation pain intensity, not its duration, espe-
cially vital. In the present study phantom pain occurred
whenever after amputation in more participants with pre-
amputation pain than in those who had not experienced pain
before limb loss. The disparity, although within the limit of
statistical significance, supports a tendency described in the
literature and corroborates Katz and Melzack’s concept of so
called somatosensory pain memory [20,33,34]. An occur-
rence of phantom pain, which is similar in its quality and
intensity to pre-amputation pain, might be explained in
terms of nervous system’s ability to store in neurons and
synaptic junctions memory of pain which had appeared
before limb loss. Noteworthy, patients who had experi-
enced pain before amputation, more often reported phantom
pain whenever in the past, while in a lesser degree, this ten-
dency applied to phantom pain felt at the moment of the
research. The obtained results are consistent with results of
Kooijman et al. [16] who stated that pre-amputation pain is a
risk factor only for phantom pain immediately or briefly after
amputation, but not for long-lasting pain.

More frequently than phantom pain, non-painful
phantom sensations were reported by participants, what
is consistent with previous studies [26]. Similarly to phan-
tom pain, non-painful phantom sensations receded across
time in some individuals. The most frequent non-painful
phantom sensation was ability to “move” phantom limb,
both intentionally and habitually. There existed the co-
occurrence of various non-painful phantom sensations,
where an ability to move phantom limb combined with
itching accompanied by pins and needles were the most
frequently reported. In the study there were also people
experiencing untypical phantom sensations connected
with body image alterations. Two respondents reported
telescoping phenomenon, which is a gradual phantom
limb shortening. Some participants of the research re-
ported an impression of possessing a limb, but simultane-
ously the limb was able to penetrate through objects. One
person experienced phantom limb paralysis and it is
noteworthy, that before amputation the person had ex-
perienced fingers’ tendons rupture and had lost an ability
to move those fingers. It may suggest, that not only soma-
tosensory pain memory is possible, but also that memory
of non-painful phantom sensations may exist. If the sensa-
tions are somehow unnatural, intense and long-lasting,
they might be encoded in nervous system and then occur
as a symptom of phantom limb phenomenon [28]. There
were also participants who tried to walk or jumped out of
their bed or chair, because they “forgot that their limb (or
limbs) had been amputated. This behaviour is consistent
with a tendency to forget about the limb’s absence which
was described by Gallagher and Meltzoff [1]. Attempts to
walk or stand up using two limbs, despite the lack of one
of them, are expression of preserved motor schema which
is coded in nervous system. They indicate a highly auto-
mated nature of walking with a slight susceptibility of the
motor schema to changes in a direct post-amputation
period. Modification of this encoded pattern proceeds
gradually, as signals and pieces of information coming
from various sources (various body parts) are integrated.

Analysis of phantom pain and non-painful phantom
sensations co-occurrence did not prove statistical signifi-
cance in group of subjects experiencing phantom pain
whenever after amputation. Considering currently experi-
enced phantom pain, the analysis showed a relation be-
tween phantom pain and non-painful phantom sensations.
It suggests that non-painful phantom sensations appear
considerably more often in people experiencing phantom
pain and when there is no pain, they may have a transient
nature. The observations support results of the previous
studies, in which non-painful phantom sensations oc-
curred more frequently in patients who suffered from
phantom pain than in those who were free from this kind
of pain [16,26]. It was also observed that the sensations
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were more often of kinetic and kinaesthetic than extero-
ceptive nature, as demonstrated in the literature [26].

There exists a disagreement, if phantom limb is body
image or body schema distortion [1]. More convincing are
the arguments for treating phantom limb as a disturbance
of body image, which includes perceptive experiencing of
own body, its mental representation and emotional atti-
tude towards the body. Two latter elements form a set of
beliefs or attitudes and have a nature of intentional proc-
esses [1,10]. Phantom phenomenon is accompanied by
vivid feeling of a limb presence, its attachment to a body
and certain emotional attitude towards experienced sen-
sations. Moreover, observations suggest that patients
reporting ability to move the phantom limb, do it inten-
tionally and plan a course of the activity. According to
their relations, such movement requires focussing on a
limb or “imagining” the movement. It gives a ground for
treating phantom limb phenomenon as an element of
body image, containing not only sensory properties of
such experiences, but also engaging conceptual qualities,
i.e. imagination, intention, and plan of action. Therefore,
the phenomenon recruits higher order processes and mental
representations [29]. Phantom sensations, according to
Melzack [1], involve “perceptual awareness”, that is why they
should be considered as body image malformation.

Taken together, the study extends the knowledge on
phantom limb phenomenon in individuals after
limb/limbs amputation by describing incidence and prop-
erties of phantom pain and non-painful phantom sensa-
tions, and interpreting them in terms of body image dis-
tortion. However, despite this contribution, it has its limi-
tations. First, the sample was not large and consisted
significantly more men than women. Second, the group
was diverse in terms of amputation characteristics. It
would be advisable, in our opinion, to revise the study in
more homogeneous group and to control amputation
variables more carefully. Third, the research had explora-
tory nature and used only self-reports. The study design
was simple and did not allow to manipulate variables.
Last, we did not control state of health (e.g, neurologic
deficits) and neuropsychological functioning of the subjects.
We find it beneficial to apply in the future studies some addi-
tional variables and measures which would expand possibil-
ity to investigate phantom limb phenomenon mechanisms
and interpret it from neuropsychological point of view.
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