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Abstract

The experience of post-amputation pain such as phantom limb pain (PLP) and residual limb
pain (RLP), is a common consequence of limb amputation, and its presence has negative
effects on a person’s well-being. The continuity hypothesis of dreams suggests that the
presence of such aversive experiences in the waking state should be reflected in dream
content, with the recalled body representation reflecting a cognitive proxy of negative im-
pact. In the present study, we epidemiologically assessed the presence of post-amputation
pain and other amputation-related information as well as recalled body representation in
dreams in a sample of 3,234 unilateral limb amputees. Data on the site and time of amputa-
tion, residual limb length, prosthesis use, lifetime prevalence of mental disorders, presence
of post-amputation pain, and presence of non-painful phantom phenomena were included
in logistic regression analyses using recalled body representation in dreams (impaired, in-
tact, no memory) as dependent variable. The effects of age, sex, and frequency of dream
recall were controlled for. About 22% of the subjects indicated that they were not able to re-
member their body representation in dreams, another 24% of the amputees recalled them-
selves as always intact, and only a minority of less than 3% recalled themselves as always
impaired. AlImost 35% of the amputees dreamed of themselves in a mixed fashion. We
found that lower-limb amputation as well as the presence of PLP and RLP was positively as-
sociated with the recall of an impaired body representation in dreams. The presence of non-
painful phantom phenomena, however, had no influence. These results complement previ-
ous findings and indicate complex interactions of physical body appearance and mental
body representation, probably modulated by distress in the waking state. The findings are
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discussed against the background of alterations in cognitive processes after amputation
and hypotheses suggesting an innate body model.

Introduction

The amputation of a limb represents the most serious breach of one’s body integrity. The ma-
jority of limb amputees report awareness of a phantom limb [1], [2], i.e., the perceived presence
of the missing limb. Beside the mere awareness of a phantom limb, amputees report various
kinds of non-painful phantom sensations, such as tingling sensations or thermal perceptions
[1], [2], or telescopic distortions, i.e., the sensation that the phantom limb has changed its
length, most often shortened, over time [3]. Many amputees complain of phantom limb pain
(PLP), which describes a painful sensation perceived in the removed limb. Mean PLP rates of
about 75% have been reported in epidemiological studies [1], [2], [4], [5], [6], [7], [8], [9], [10].
Additionally, about 61% of the limb amputees reported residual limb pain (RLP), i.e., pain in
the still present portion of the limb close to the amputation line [1], [2], [4], [5], [11]. In combi-
nation, PLP and RLP account for a significant reduction of health-related quality of life [12],
highlighting the clinical importance of post-amputation pain.

In non-amputated persons, the subjective level of well-being is associated with dream con-
tent. Pesant and Zadra [13] showed that negative affect during the waking state is related to
dream content categorized as aggression, failure and misfortunes, or a general negative emo-
tional bias. These results support the so-called continuity hypothesis, stating that dream con-
tent relies basically on experiences in the waking state [14]. Assuming that amputees draw on
everyday experiences in their dreams, aversive amputation-related sensations might also be
present during dreaming. This should also be true for the ever-present impairment of the phys-
ical body as well as the accompanying sensory experiences after amputation.

There are only a few studies mentioning dreamed body representation in amputees to date
(for a review see [15]), and up to now, there is only one study with an epidemiological ap-
proach to investigate this issue in amputees [16]. This study found that 31% of 146 participants,
who were able to remember dream content, recalled themselves as mostly or always intact (i.e.,
as before amputation). A minority of 21% of the amputees recalled their body as mostly or al-
ways impaired (i.e., as after amputation). Another 37% of the amputees reported that they
dreamed of their bodies in a mixed fashion, i.e. sometimes as intact, and sometimes as im-
paired. Due to the high number of amputees who recalled themselves as having an intact body
representation in dreams, the authors assumed the existence of an innate body model, predom-
inantly opposing physical changes. However, the study by Mulder et al. [16] excluded amputees
without dream recall, and did not take dream recall frequency into account. This appears to be
problematic since subjects with a low dream recall frequency have difficulties to give estimates
about their dream content [17]. Furthermore, most studies mentioning the amputee’s body re-
presentation in dreams [15] used rather coarse measures for the assessment of body representa-
tion, probably biasing the results.

As far as we know, neither the study by Mulder et al. [16] nor any other study investigated
whether amputation-related sensations such as post-amputation pain in the waking state affect
the body representation in dreams. The continuity hypothesis [18] would predict that each fac-
tor which increases the salience of the waking life experience (here: the impaired body integrity
in waking life), should result in a higher percentage of dreams with impaired body
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representation. Thus, the dream content in amputees might match the patient’s psychological
and physical state.

In the present study, we examined the relationship between the presence of post-amputa-
tion pain, other amputation-related features, and the recall of body representation in dreams
in alarge nation-wide survey of German amputees in the context of the PHANTOMMIND
project. We hypothesized that there is a positive association between the presence of post-
amputation pain and the recall of an impaired body representation in dreams.

Methods
Study Design and Sample Recruitment

Persons suffering from an amputation performed on their upper or lower limbs were surveyed
using a questionnaire assessing amputation-related information and phantom sensations,
based on the Phantom and Stump Phenomena Interview [19], complemented by items assess-
ing dream recall frequency [20] and recalled body representation in dreams. They were re-
cruited through state agencies so that their anonymity was preserved until they contacted the
project and decided to participate in the study. All participants gave written informed consent
prior to the procedure, and the study and consent protocols adhered to the Declaration of Hel-
sinki and were approved by the Medical Ethics Commission II of the Medical Faculty Mann-
heim, Heidelberg University.

Research instrument

The questionnaire consisted of a total of 53 items. In a general part, we assessed demographic
data of the participants such as age and sex. In a clinical part, we assessed self-reported lifetime
prevalence of mental disorders as well as the presence of sleep disorders. Of special importance
in the context of the present study were items aiming at amputation characteristics, post-am-
putation experiences for the affected limb, and amputation-related dream content.

Amputation characteristics. The participants were asked whether they suffered from con-
genital abnormalities in limb development or whether they suffered from a limb amputation
after birth. They were further asked to indicate the affected limb (upper or lower limb), the site
of amputation (right- or left-sided amputation), and the level of amputation on the basis of a
body drawing, which was further used to calculate the percentage of residual limb length. Fur-
thermore, they were asked when their amputation was performed (year and month). Together
with the date of return, we calculated the time since amputation (in years). Additionally, partic-
ipants had to indicate whether or not they used a prosthetic device (regardless of prosthesis
type) to compensate limb loss.

Post-amputation experiences. The participants were asked whether they had experienced
PLP and RLP in the last three months. Both pain types were assessed separately and introduced
by a short description of the pain in order to clarify the difference between PLP and RLP. The
response alternatives were a) No, I have never experienced PLP/RLP, b) No, I do not experience
PLP/RLP currently, but I did so in the past, and c) Yes, I currently experience PLP/RLP. The first
two response alternatives were pooled as current absence of PLP/RLP, whereas the last response
alternative was coded as current presence of PLP/RLP. Additionally, we asked for the general
presence of non-painful phantom sensations using the same categories as used for the post-am-
putation pain experiences mentioned above. Specifically, the participants were further asked
for the presence of a telescope, i.e., the perception of a shortened phantom limb, which also ap-
pears to represent a dysfunctional, non-painful adaptation after limb amputation [21].
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Dream questions. Dream recall frequency was recorded on a seven-point scale (coded as
0 = never, 1 = less than once a month, 2 = about once a month, 3 = two or three times a month,
4 = about once a week, 5 = several times a week, and 6 = almost every morning).

Participants who responded affirmatively in the dream recall frequency scale (response > 0)
were asked to indicate the distribution of recalled body representation in dreams on a percent-
age basis: “How are your dreams distributed among the following categories? Your indications
should add to 100%”. The three response categories were a) impairment due to amputation is
present in the dream, b) the body in the dream is intact and no impairment occurred, and c)
perception of the own body in dreams could not be remembered. These data were only entered
into statistical analyses when the added percentage indications had a deviation of a maximum
of 1% from 100%, reflecting minor rounding errors, since otherwise the indications were im-
plausible and suspected to be invalid. Data of n = 51 amputees did not meet this criterion.

Sample

In total, 3,862 questionnaires along with a valid informed consent form were returned (re-
sponse rate of 12.11%). All questionnaires were checked for completeness and plausibility, and
incomplete questionnaires were completed via telephone interviews. Nevertheless, 628 ques-
tionnaires had to be excluded from the present analysis due to a lack of several items or implau-
sibility (n = 361, including n = 51 who did not meet the 100% + 1% add up criterion for body
representation in dream, as mentioned above), lack of the item assessing dream recall frequen-
cy (n = 43), multiple amputations, which made the interpretations of the statements inconclu-
sive (n = 127), or congenital abnormalities in limb development, which is to be distinguished
from an amputation (n = 97).

Thus, N = 3,234 amputees (18.46% women) who indicated their dream recall frequency
were included in the analysis. The mean age was 64.37 years (SD = 15.89). A majority of
74.51% suffered from an amputation of the lower-limbs. On average, the participants had lost
more than half of the respective limb (length of the residual limb = 41.83%, SD = 22.35). At
the time of data acquisition, the amputation had been performed on average 33.06 years ago
(SD = 22.74). Most of the participants (80.72%) stated that they used a prosthesis. During the
preceding three months, the majority of participants had experienced some kind of post-
amputation pain (PLP: 62.55%; RLP: 51.48%) as well as non-painful phantom sensations
(56.91%). A telescopic distortion was indicated by 22.97% of the limb amputees. Less than one
out of ten (9.14%) reported a history of a mental disorder. Seen individually, all of these items
had missing values of < 1% each. These data served as regressors for the subsequent logistic re-
gression analyses described below.

Statistical analyses

First, we analyzed the dream recall frequency in our amputee sample and a representative Ger-
man sample (N = 1,841, 993 women, mean age = 48.01 years, SD = 18.36; combined from [22]
and [23]), by performing an ordinal logistic regression analysis including the regressors group
(0 = representative sample, 1 = amputee sample), sex (0 = female, 1 = male), and age. We then
performed another ordinal logistic regression on dream recall frequency in the amputee sam-
ple, including the site of and time since amputation, residual limb length, prosthesis use, life
time prevalence of mental disorder, presence of post-amputation pain, and presence of non-
painful phantom phenomena, controlling for age and sex.

Since we expected the assessed data on body representation in dreams being ordinal, and
not necessarily normally distributed, we also performed ordinal logistic regression analyses for
pooled percentage ranks (eleven ranks, Table 1), assuming a cumulative logistic model and
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Table 1. Percentage ranks of the body representation recall in dreams items (n = 2,156).

Rank Body representation in dreams
Impaired Intact Not remembered
n % n % n %

009 1265 58.67 630 29.22 831 38.54
11_10% 309 14.33 124 5.75 152 7.05
241_20% 158 7.33 100 4.64 158 7.33
321-30% 98 4.55 98 4.55 91 4.22
431_40% 59 2.74 84 3.90 70 3.25
541-50% 90 417 175 8.12 136 6.31
651-60% 38 1.76 74 3.43 38 1.76
To61-70% 29 1.35 83 3.85 42 1.95
871_80% 35 1.62 140 6.49 67 3.11
981-90% 11 0.51 83 3.85 71 3.29
1091-100% 64 2.97 565 26.21 500 23.19

doi:10.1371/journal.pone.0119552.t001

including site of and time since amputation, residual limb length, prosthesis use, life time prev-
alence of mental disorders, presence of post-amputation pain, and presence of non-painful
phantom phenomena (forced entry). We controlled for the effects of age, sex, and dream recall
frequency. We performed a separate regression analysis for each category (impaired, intact,
and not remembered body representation in dreams). However, due to relative redundancy of
percentage statements, we adjusted the p values obtained in the three regression analyses apply-
ing Bonferroni correction. To check the equal slopes assumption [24], we used the score test
and graphical techniques like plotting the empirical logits. Statistical analyses were carried out
with SAS 9.2 (SAS, Cary, NC, USA).

Results
Dream recall frequency

The ordinal logistic regression analyses on dream recall frequency of amputees and members
of a representative sample revealed significant influences of group membership and sex, with
higher dream recall frequencies in amputees compared to members of the representative sam-
ple (standardized regression coefficient (SRC) = .237, x2 =210.1, p <.001) and females com-
pared to males (SRC = .080, %> = 29.1, p <. 001). Further, age was negatively associated with
dream recall frequency (SRC = -.143, xz = 86.4, p <.001). In total, these variables explained
about 5% of the variation (R* = .047) of dream recall frequency.

In the amputee sample, the majority of the participants (2,338, equal to 72.29%) were able
to recall dreams and 1,311 participants (equal to 40.54%) indicated a dream recall at least once
a week. Table 2 shows the dream recall frequencies in percent for each category for the entire
amputee sample. Moreover, the regression analyses in the sample of amputees indicated that
certain amputation-related sensations (presence of non-painful phantom sensations, a tele-
scopic distortion, and residual limb pain) as well as a lifetime history of mental disorders were
associated with higher dream recall frequency (see Table 3).
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Table 2. Dream recall frequency for the entire sample (N = 3,234) and the sub sample with valid
responses on the body representation in dream items (n = 2,156).

dream recall frequency % of participants
entire sample subsample

Never 27.71 —

Less than once a month 11.38 14.89
About once a month 8.53 11.83

Two or three times a month 11.84 16.84
About once a week 13.64 19.06
Several times a week 18.00 24.95
Almost every morning 8.91 12.43

doi:10.1371/journal.pone.0119552.t002

Prevalence of body representation in dreams

The questionnaires of 2,156 participants (equal to 66.67% of the entire sample) contained valid
data on body representation in dreams (averaged ratings for these items are depicted in

Table 4). The distribution of dream recall frequency of this subsample is shown in Table 2. A
minority of 484 participants (equal to 22.45%) of these subjects indicated that they were not
able to remember their body representation in dreams (i.e., a rating of 100% for this category).
Another 525 participants (equal to 24.35%) stated that they dreamed themselves as always in-
tact, and only 61 participants (equal to 2.83%) dreamed their bodies as always impaired. The
remaining amputees indicated a mix of at least two of the categories.

Table 3. Results for ordinal logistic regression analyses of dream recall frequency (given validity of
all other item values; n = 3,164).

Independent variables Dream recall frequency
SRC Vi
Age -.138 41.5%**
Sex+ .031 3.1
Site of amputation++ .038 3.3
Life time prevalence of mental disorders+++ .057 10.5**
Residual limb length -.005 0.1
Elapsed time since amputation .038 2.9
Prosthesis use+++ -.001 0.2
Presence of non-painful phantom sensations+++ .108 31.1%%*
Presence of a telescope+++ .047 6.3*
Presence of phantom limb pain+++ .002 1.0
Presence of residual limb pain+++ .049 7.8%%
R? .053

SRC = standardized regression coefficient

+0 = female, 1 = male; ++0 = upper-limb, 1 = lower-limb; +++0 = no, 1 = yes
* p<.05;

** p<.01;

**¥ p<.001

doi:10.1371/journal.pone.0119552.t003
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Table 4. Percentage of estimates of the body representation in dreams (n = 2,156).

Category Mean amount of dreams in % (standard deviation)
Impaired body representation 13.67 (24.53)
Intact body representation 47.72 (40.98)
Body representation not remembered 38.61 (41.37)

doi:10.1371/journal.pone.0119552.t004

Seven-hundred-and-fifty-four participants (equal to 34.97%) recalled their bodies in recent
dreams in a mixed fashion, meaning that in some dreams their body was intact and in others it
was impaired. Even in this subgroup (n = 754), about one in two dreams (48.42%, SD = 27.49)
contained an intact body representation. In a quarter of dreams, an impaired body representa-
tion could be recalled (27.24%, SD = 22.18), and roughly the same averaged percentage
(24.33%, SD = 26.83) in this subgroup was indicated for dreams in which no body representa-
tion could be remembered.

Ordinal logistic regression on body representation in dreams

The ordinal logistic regression analyses (Table 5) explained 5.2 to 8.4% of the variation of re-
called body representation in dreams. Older persons tended to report more dreams with intact
body representation but less often dreams with impairments due to amputation and dreams
without recall of body representation. Sex of participants was not associated with recalled body

Table 5. Results for ordinal logistic regression analyses on body representation in dreams (given validity of all other item values; n = 2,112).

Independent variables

Body integrity in dreams

Impaired Intact Not remembered
SRC 22 SRC 22 SRC Ve

Age -131 20.6*** 174 44 A*** -.148 30.7***
Sex+ -.036 21 .009 0.2 -.010 0.2
Dream recall frequency 167 45.1*** .139 41.0%** -.184 68.8***
Site of amputation++ .094 10.3*%* .006 0.1 -.047 3.4
Life time prevalence of psychiatric disorders+++ .045 3.9 -.004 0.0 -.003 0.0
Residual limb length -.059 5.2 -.043 3.5 .068 8.7*%*
Elapsed time since amputation -.005 0.0 -112 17.2%** .105 14.3%**
Prosthesis use+++ .004 0.0 .039 2.5 -.009 0.1
Presence of non-painful phantom sensations+++ .023 0.7 .011 0.2 -.006 0.1
Presence of a telescope+++ .050 4.0 .007 0.1 .009 0.2
Presence of phantom limb pain+++ .075 7.6* .028 1.3 -.054 4.9
Presence of residual limb pain+++ .109 20.2%** -.044 4.0 .02 0.8
R? .084 .052 .068

SRC = standardized regression coefficient

+0 = female, 1 = male; ++0 = upper-limb, 1 = lower-limb; +++0 = no, 1 = yes

* p<.01667 (.05 / 3);
** p< 00333 (.01 / 3);
*%% p< 00033 (.001 / 3)

p values Bonferroni corrected for multiple testing across the regression analyses

doi:10.1371/journal.pone.0119552.t005
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representation. As expected, participants who frequently recalled their dreams were more often
able to remember their body representation in dreams (whether intact or impaired).

A lower-limb amputation significantly predicted an impaired body representation recall.
The elapsed time since the amputation was negatively correlated with the percentage of dreams
with an intact body representation, i.e., the longer the time interval between the amputation
and study participation, the fewer dreams with intact body representation were reported. The
elapsed time since amputation was also related to higher indications of dreams without any re-
call of body representation in the dreams. Residual limb length and impaired or intact body re-
presentation recall tended to be negatively associated, but the only significant association
found was with not remembering the body in dreams, i.e., the longer the residual limb, the
higher the percentage of dreams in which no body representation could be recalled. Prosthesis
use, a history of mental disorder, or the presence of non-painful phantom sensations, including
the presence of a telescopic distortion, were not significantly correlated with recalled body re-
presentation in dreams.

Finally, post-amputation pain had a significant association with recalled body representa-
tion. The presence of both PLP and RLP predicted individually and specifically the recall of an
impaired body representation in dreams. There were no such significant associations with the
other body representation recall categories.

Discussion

The present study investigated body-related dream content in a large number of limb amputees
using an epidemiological approach. Although only a minority of dreams contained bodily im-
pairments, we demonstrated that there is a positive relationship between post-amputation pain
in the waking state and the recall of an impaired body representation in dreams, which might
give an insight into the interaction of physical and mental body representations, mediated by
aversive somatosensory experiences.

In contrast to previous studies (e.g., [16]), we used an item assessing the percentage of in-
tact, impaired and not remembered body representation, probably yielding more inter-individ-
ual differences in body-related dream content recall. About one quarter of limb amputees
recalled their body representation in dreams as always intact, with less than 3% dreaming
themselves as always impaired, which is in line with results of previous studies [16], [25], [26].
Mulder et al. [16] discussed this finding in the light of a potential, genetically mediated body
model, which mostly remains unaffected from the adaptation processes occurring after ampu-
tation. Additionally, two recent studies found that congenital paraplegics mainly recalled
dreams in which their body was not disabled [27], [28]. Voss et al. [28] interpreted their results
as supporting the idea that dream content draws information from innate body representa-
tions, a concept which was introduced by Melzack et al. [29]. The missing influence of the
length of the residual limb as well as a restitution of body integrity through prosthesis use on
the recalled body representation in the present study seemingly supports this hypothesis. How-
ever, the high proportion of more than one third of limb amputees who dreamed themselves as
both intact and impaired suggests that there are other influencing factors.

Previous studies indicated a certain flexibility of body representation in dreams after
changes in physical conditions. Newton [30] asked paralyzed participants to keep a dream
diary, and its analysis revealed that recently paralyzed people reported more kinesthetic dream
contents than long-termed paralyzed participants. The results of the present study indicate a
similar effect: the longer the amputation dated back, the fewer dreams with intact body could
be remembered, highlighting that dreaming is not solely influenced by the recent past, but re-
verts to experiences made in the entire life [31]. This indicates that both innate factors and life
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experiences may affect the body representation in dreams. The effect of life experiences is re-
flected in the finding that age is negatively related to impaired body representation and posi-
tively related to an intact body representation in dreams, a finding previously reported by
Mulder et al. [16]. The negative correlations between not remembering one’s body in dreams
and age as well as time since amputation, however, might only emphasize the generally reduced
recall of dream content characteristics at an older age [22]. Another possible interpretation of
this result is that the longer time spent at sleeping/dreaming the more the amputees might ben-
efit from the emotional modulation effect related to sleep and dreams [32] and thus the less the
amputees need to dream of the own body.

From a methodological viewpoint, the present results indicate that dream recall frequency
should be considered as a possible confounding variable for the percentage of body representa-
tion in dreams. First, we showed that members of the amputee group had higher dream recall
frequencies compared to a representative German control sample; this might be explained by
the low response rate in this study, perhaps related to the fact that the respondents might be
rather open to express their psychological state and, thus, recall their dreams with a higher fre-
quency (cf. [33]). Prospectively, the comparison between body-related dream recall frequency
in amputees (61.39% in the present sample) and healthy controls might yield interesting add-
on information. Further, the differences between amputees and healthy controls might be relat-
ed to the high prevalence of disturbed sleep in amputees [1], which has been shown to be posi-
tively associated with dream recall frequency [34]. However, amputation-related experiences—
except for PLP—were highly correlated with dream recall frequency, with the strongest effect
for the presence of non-painful phantom sensations. This might be explained by inter-individ-
ual sensitivity to inner processes, since a study investigating the effect of acquiring autogenic
training skills showed that the associated increased sensitivity to inner processes increases
dream recall frequency [35].

Additionally, we found a significant positive association between dream recall frequency
and the percentage of impaired or intact body representation in dreams. Whereas previous
studies excluded subjects with low or no dream recall [16], the present findings indicate that
the ability to recall body-related dream content is enhanced in subjects with higher dream re-
call frequency. This confirms previous findings suggesting that dream content estimates as-
sessed by questionnaires are only weakly correlated with data obtained in diary studies,
especially in subjects who seldom recall their dreams [17]. Thus, entering dream recall frequen-
cy into the regression analysis of dream content measures can be seen as a methodological im-
provement compared to previous studies on recalled body representation in limb amputees.

We found a significant effect of amputation site on remembered body representation in
dreams, i.e., lower-limb amputations were associated with higher frequency of dreams with an
impaired body than upper-limb amputations. This contradicts the finding of Mulder et al. [16].
These authors also compared arm and leg amputees in order to explore possible differences on
body-related dream content and found no such effect. The majority of amputations, however,
is performed on lower limbs (in Germany, for instance, 71.92% of amputees live with the loss
of one or both legs [36]), leading to an asymmetric distribution of amputation site. As a conse-
quence, Mulder et al. [16] compared six upper-limb amputees with 69 lower-limb amputees,
achieving only low statistical power. In the present study, this problem was accounted for by
the large number of participants. The higher recall of an impaired body representation associ-
ated with leg amputations might be due to the higher quality of health-related life in upper-
limb amputees [37] and potentially higher risk of lower-limb amputees to develop severe PLP
[38]. Further, recent evidence suggests that leg movements in dreams are more frequently re-
called than arm movements [27], which might highlight the importance of mobility in
daily life.
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Our major finding is the association of painful post-amputation experiences in the waking
state and remembered body-related dream content: the presence of post-amputation pain, i.e.,
both PLP and RLP, was associated with higher recall of an impaired body representation. This
is an interesting finding, since the general presence of non-painful phantom sensations had no
significant association, indicating that the mere presence of a phantom limb is not sufficient
for dreaming of oneself as intact. This clearly indicates that there might be other factors affect-
ing the body representation in dreams than the proposed innate body model [16]. These find-
ings rather support the assumption that there is a relationship between the salience of a waking
experience and the probability to dream about it [18]. In case of limb amputation, post-ampu-
tation pain might remind the amputee of the physical impairments and its negative conse-
quences which are reflected in a more frequent recall of an impaired body. Amputees suffering
from PLP report lower levels of quality of life [39] and this emotional distress associated with
the experience of post-amputation pain might determine higher frequencies of negative dream
content (i.e., an impaired body representation). Remarkably, this association was exclusively
found for painful post-amputation experiences. The presence of non-painful phantom experi-
ences or of a telescopic distortion of the phantom—which might likewise draw the amputee’s
attention on his or her impairments during daily life—did not influence the frequency of im-
paired body representation in dreams. Thus, the specific associations to post-amputation pain
reported here suggest an influence of suffering rather than physical alterations. To further ex-
plore this hypothesis, it would be useful to explicitly measure the amount of distress caused by
the amputation and/or affective acceptation of limb loss.

Alternatively, the presence of post-amputation pain might change the focus of retrospection
for dreams, improving the recall of amputation-related content. Since the intensity of dreamed
emotions is positively correlated with dream recall frequency [40], the recall of probably nega-
tively toned amputation-related dreams might be facilitated. Further, amputees with post-
amputation pain reported more disturbed sleep and awakening during nights than pain-free
amputees [1], which might cause a rather elaborated memory of body-related dream content in
this subgroup. Prospective studies should include measures of sleep and dream quality, includ-
ing the frequency of nightmares, to validate this hypothesis. However, these alternatives appear
to be rather unlikely since the presence of post-amputation pain did not affect dream recall fre-
quency per se.

Furthermore, post-amputation pain was found to be a risk factor for the prevalence of de-
pressive symptoms, from which more than 25% of amputees are suffering [41]. Cognitive pro-
cessing in depression is characterized by a bias in recalling negative self-referred information
[42], [43], [44]. However, the percentage of participants who reported mental disorders in the
present study was lower than expected based on amputee data reported in the literature [41],
[45], [46]. Further research is necessary to replicate our finding that the presence of a mental
disorder does not affect the percentage of an impaired body representation in dreams, as one
might expect that patients with certain mental disorders are more likely to ruminate about
their impairment in waking and, thus, report more dreams with bodily impairments.

Further, the survey itself might induce a cognitive bias on recalled dream content. Previous
cognitive tasks can affect the recall of emotional memory [47]. In the present study, amputees
suffering from current post-amputation pain had to consider in detail their situation during
the course of the questionnaire; the dream-related questions, however, were located at the end
of the survey. This order might induce a recall bias for an impaired body in amputees suffering
from post-amputation pain. In order to validate the present findings it could be useful to apply
other dream collection methods. Alessandria et al. [48] and Vetrugno et al. [49] assessed dream
content in amputees after awakening from REM sleep and asked them for their dreamed body
representation. However, Alessandria et al. [48], for instance, found that only three of six
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amputees were able to recall body-related dream content instantly after awakening (all three
amputees reported an intact body representation during the dream). Due to the small sample
size in these sleep laboratory studies, generalization of the results is limited. Another option to
collect dream reports from larger samples is the diary approach [17], [31], minimizing the bias
due to retrospectively eliciting dream characteristics.

Conclusion

In the present study we found significant associations between post-amputation pain in the
waking state and recalled body-related dream content in a large sample of limb amputees. The
findings indicate that negatively toned experiences in the waking state may interact with body-
related dream content. Thus, body representation in dreams cannot simply be explained by an
innate body model relatively insensitive to physical changes. Thus, the results support the con-
tinuity hypothesis of dreaming [14]. Even though our results are conclusive, the identification
of influencing factors is complex. The relatively low amount of explained variance in our re-
gression models emphasizes the importance of other psychological and physiological factors.
To identify such influencing factors, an interesting follow-up of our study would be to assess
body representations in dreams in a large sample of subjects who are congenitally disabled.
Previous studies on dream content relying on sensory experiences, which had never occurred
in life [50], suggest that even subjects who never experienced an intact body can dream about it
because it is highly prevalent in their daily life. Studying the dream content in congenital am-
putees might help to understand the psychological challenges of this group.

Author Contributions

Conceived and designed the experiments: HF JF MD MS RBB. Analyzed the data: IR JT MS
RBB XF. Contributed reagents/materials/analysis tools: IR. Wrote the paper: HF JF JT MD MS
RBB XF.

References

1.  Kern U, Busch V, Rockland M, Kohl M, Birklein F. [Prevalence and risk factors of phantom limb pain
and phantom limb sensations in Germany. A nationwide field survey]. Schmerz. 2009; 23: 479-488.
doi: 10.1007/s00482-009-0786-5 PMID: 19322592

2. Kooijman CM, Dijkstra PU, Geertzen JH, Elzinga A, van der Schans CP. Phantom pain and phantom
sensations in upper limb amputees: an epidemiological study. Pain. 2000; 87: 33—41. PMID: 10863043

3. Cronholm B. Phantom limbs in amputees. A study of changes in the integration of centripetal impulses
with special reference to referred sensations. Acta Psychiatr Neurol Scand Suppl. 1951; 72: 1-310.
PMID: 14837770

4. Ehde DM, Czerniecki JM, Smith DG, Campbell KM, Edwards WT, Jensen MP, et al. Chronic phantom
sensations, phantom pain, residual limb pain, and other regional pain after lower limb amputation. Arch
Phys Med Rehabil. 2000; 81: 1039-1044. PMID: 10943752

5. Ephraim PL, Wegener ST, MacKenzie EJ, Dillingham TR, Pezzin LE. Phantom pain, residual limb pain,
and back pain in amputees: results of a national survey. Arch Phys Med Rehabil. 2005; 86: 1910-1919.
PMID: 16213230

6. Hanley MA, Ehde DM, Jensen M, Czerniecki J, Smith DG, Robinson LR. Chronic pain associated with
upper-limb loss. Am J Phys Med Rehabil. 2009; 88: 742—751. doi: 10.1097/PHM.0b013e3181b306ec
PMID: 19692791

7. Houghton AD, Nicholls G, Houghton AL, Saadah E, McColl L. Phantom pain: natural history and associ-
ation with rehabilitation. Ann R Coll Surg Engl. 1994; 76: 22—-25. PMID: 8117013

8. Pohjolainen T. A clinical evaluation of stumps in lower limb amputees. Prosthet Orthot Int. 1991; 15:
178-184. PMID: 1780222

9. Sherman RA, Sherman CJ, Parker L. Chronic phantom and stump pain among American veterans: re-
sults of a survey. Pain. 1984; 18: 83-95. PMID: 6709380

PLOS ONE | DOI:10.1371/journal.pone.0119552 March 5,2015 11/183


http://dx.doi.org/10.1007/s00482-009-0786-5
http://www.ncbi.nlm.nih.gov/pubmed/19322592
http://www.ncbi.nlm.nih.gov/pubmed/10863043
http://www.ncbi.nlm.nih.gov/pubmed/14837770
http://www.ncbi.nlm.nih.gov/pubmed/10943752
http://www.ncbi.nlm.nih.gov/pubmed/16213230
http://dx.doi.org/10.1097/PHM.0b013e3181b306ec
http://www.ncbi.nlm.nih.gov/pubmed/19692791
http://www.ncbi.nlm.nih.gov/pubmed/8117013
http://www.ncbi.nlm.nih.gov/pubmed/1780222
http://www.ncbi.nlm.nih.gov/pubmed/6709380

@' PLOS ‘ ONE

Post-Amputation Pain and Impaired Body Representation in Dreams

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.
25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

Wartan SW, Hamann W, Wedley JR, McColl I. Phantom pain and sensation among British veteran am-
putees. BrJ Anaesth. 1997; 78: 652—-659. PMID: 9215014

Schley MT, Wilms P, Toepfner S, Schaller HP, Schmelz M, Konrad CJ, et al. Painful and nonpainful
phantom and stump sensations in acute traumatic amputees. J Trauma. 2008; 65: 858—664. doi: 10.
1097/TA.0b013e31812eed9e PMID: 18849803

van der Schans CP, Geertzen JH, Schoppen T, Dijkstra PU. Phantom pain and health-related quality of
life in lower limb amputees. J Pain Symptom Manage. 2002; 24: 429-436. PMID: 12505212

Pesant N, Zadra A. Dream content and psychological well-being: a longitudinal study of the continuity
hypothesis. J Clin Psychol. 2006; 62: 111-121. PMID: 16288448

Schredl M. Continuity between waking and dreaming: a proposal for a mathematical model. Sleep
Hypn. 20083; 5: 38-52.

Brugger P. The phantom limb in dreams. Conscious Cogn. 2008; 17: 1272-1278. doi: 10.1016/.
concog.2008.01.005 PMID: 18313942

Mulder T, Hochstenbach J, Dijkstra PU, Geertzen JH. Born to adapt, but not in your dreams. Conscious
Cogn. 2008; 17: 1266—1271. PMID: 17499518

Schred| M. Questionnaire and diaries as research instruments in dream research: methodological is-
sues. Dreaming. 2002; 12: 17-26.

Schredl M. Factors affecting the continuity between waking and dreaming: emotional intensity and
emotional tone of the waking-life event. Sleep Hypn. 2006; 8: 1-5.

Winter C, Fritsche K, Karl A, Huse E, Labig W, Grisser SM, et al. [The phantom and stump phenomena
interview (PSPI)]. Schmerz. 2001; 15: 172—-178. PMID: 11810352

Schred| M. Reliability and stability of a dream recall frequency scale. Percept Motor Skill. 2004; 98:
1422-1426. PMID: 15291233

Grisser SM, Winter C, Mihlnickel W, Denke C, Karl A, Villringer K, et al. The relationship of perceptual
phenomena and cortical reorganization in upper extremity amputees. Neuroscience. 2001; 102: 263—
272.PMID: 11166112

Schredl M. Dream recall frequency in a representative German sample. Percept Motor Skill. 2008; 106:
699-702. PMID: 18712190

Schredl M. Nightmare frequency in a representative German sample. Int J Dream Res. 2013; 6: 119—
122.

McCullagh P. Regression models for ordinal data. J R Statist Soc B. 1980; 42: 109-142.

Frank B, Lorenzoni E. Experiences of phantom limb sensations in dreams. Psychopathology. 1989; 22:
182-187. PMID: 2798707

Shukla GD, Sahu SC, Tripathi RP, Gupta DK. Phantom limb: a phenomenological study. Br J Psychia-
try. 1982; 141: 54-58. PMID: 7116073

Saurat MT, Agbakou M, Attigui P, Golmard JL, Arnulf I. Walking dreams in congenital and acquired
paraplegia. Conscious Cogn. 2011; 20: 1425-1432. doi: 10.1016/j.concog.2011.05.015 PMID:
21704532

Voss U, Tuin |, Schermelleh-Engel K, Hobson A. Waking and dreaming: related but structurally inde-
pendent. Dream reports of congenitally paraplegic and deaf-mute persons. Conscious Cogn. 2011; 20:
673-687. doi: 10.1016/j.concog.2010.10.020 PMID: 21147002

Melzack R, Israel R, Lacroix R, Schultz G. Phantom limbs in people with congenital limb deficiency or
amputation in early childhood. Brain. 1997; 120: 1603—-1620. PMID: 9313643

Newton PM. Recalled dream content and the maintenance of body image. J Abnorm Psychol. 1970;
76: 134-139. PMID: 5482006

Schredl M. Traum. Miinchen: Reinhardt/UTB; 2008.

van der Helm E, Walker MP. Overnight therapy? The role of sleep in emotional brain processing. Psy-
chol Bull. 2009; 135: 731-748. doi: 10.1037/a0016570 PMID: 19702380

Schredl M. Dream recall: models and empirical data. In Barrett D, McNamara P, editors. The new sci-
ence of dreaming—Volume 2: Content, recall, and personality correlates. Westport: Praeger;
2007. pp. 79-114.

Schred| M. Dreams in patients with sleep disorders. Sleep Med Rev. 2009; 13: 215-221. doi: 10.1016/.
smrv.2008.06.002 PMID: 19147378

Schredl M, Doll E. Autogenic Training and dream recall. Percept Motor Skill. 1997; 84: 1305-1306.
PMID: 9229451

PLOS ONE | DOI:10.1371/journal.pone.0119552 March 5,2015 12/183


http://www.ncbi.nlm.nih.gov/pubmed/9215014
http://dx.doi.org/10.1097/TA.0b013e31812eed9e
http://dx.doi.org/10.1097/TA.0b013e31812eed9e
http://www.ncbi.nlm.nih.gov/pubmed/18849803
http://www.ncbi.nlm.nih.gov/pubmed/12505212
http://www.ncbi.nlm.nih.gov/pubmed/16288448
http://dx.doi.org/10.1016/j.concog.2008.01.005
http://dx.doi.org/10.1016/j.concog.2008.01.005
http://www.ncbi.nlm.nih.gov/pubmed/18313942
http://www.ncbi.nlm.nih.gov/pubmed/17499518
http://www.ncbi.nlm.nih.gov/pubmed/11810352
http://www.ncbi.nlm.nih.gov/pubmed/15291233
http://www.ncbi.nlm.nih.gov/pubmed/11166112
http://www.ncbi.nlm.nih.gov/pubmed/18712190
http://www.ncbi.nlm.nih.gov/pubmed/2798707
http://www.ncbi.nlm.nih.gov/pubmed/7116073
http://dx.doi.org/10.1016/j.concog.2011.05.015
http://www.ncbi.nlm.nih.gov/pubmed/21704532
http://dx.doi.org/10.1016/j.concog.2010.10.020
http://www.ncbi.nlm.nih.gov/pubmed/21147002
http://www.ncbi.nlm.nih.gov/pubmed/9313643
http://www.ncbi.nlm.nih.gov/pubmed/5482006
http://dx.doi.org/10.1037/a0016570
http://www.ncbi.nlm.nih.gov/pubmed/19702380
http://dx.doi.org/10.1016/j.smrv.2008.06.002
http://dx.doi.org/10.1016/j.smrv.2008.06.002
http://www.ncbi.nlm.nih.gov/pubmed/19147378
http://www.ncbi.nlm.nih.gov/pubmed/9229451

@ PLOS | one

Post-Amputation Pain and Impaired Body Representation in Dreams

36.

37.

38.

39.

40.

4.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Statistisches Bundesamt. Statistik der schwerbehinderten Menschen—Kurzbericht 2013. 2014. Avail-
able: https://www.destatis.de/DE/Publikationen/Thematisch/Gesundheit/BehinderteMenschen/
SozialSchwerbehinderteKB5227101139004.pdf?__blob = publicationFile. Accessed 7 February 2015.

Demet K, Martinet N, Guillemin F, Paysant J, André JM. Health related quality of life and related factors
in 539 persons with amputation of upper and lower limb. Disabil Rehabil. 2003; 25: 480-486. PMID:
12745943

Dijkstra PU, Geertzen JH, Stewart R, van der Schans CP. Phantom pain and risk factors: a multivariate
analysis. J Pain Symptom Manage. 2002; 24: 578-585. PMID: 12551807

Sinha R, van den Heuvel WJ, Arokiasamy P. Factors affecting quality of life in lower limb amputees.
Prosthet Orthot Int. 2011; 35: 90-96. doi: 10.1177/0309364610397087 PMID: 21515894

Schred| M, Doll E. Emotions in diary dreams. Conscious Cogn. 1998; 7: 634-646. PMID: 9817817

Darnall BD, Ephraim P, Wegener ST, Dillingham T, Pezzin L, Rossbach P, et al. Depressive symptoms
and mental health service utilization among persons with limb loss: results of a national survey. Arch
Phys Med Rehabil. 2005; 86: 650—658. PMID: 15827913

Bradley B, Mathews A. Negative self-schemata in clinical depression. Br J Clin Psychol. 1983; 22: 173—
181. PMID: 6626790

Claudio V, Garcez Aurélio J, Machado PP. Autobiographical memories in major depressive disorder.
Clin Psychol Psychother. 2011; 19: 375-389. doi: 10.1002/cpp.751 PMID: 21567654

Sato H, Kawahara J. Selective bias in retrospective self-reports of negative mood states. Anxiety Stress
Coping. 2011; 24: 359-367. doi: 10.1080/10615806.2010.543132 PMID: 21253957

Desmond DM, MacLachlan M. Affective distress and amputation-related pain among older men with
long-term, traumatic limb amputations. J Pain Symptom Manage. 2006; 31: 362—-368. PMID: 16632084

Desmond DM. Coping, affective distress, and psychosocial adjustment among people with traumatic
upper limb amputations. J Psychosom Res. 2007; 62: 15-21. PMID: 17188116

Tran TB, Hertel PT, Joormann J. Cognitive bias modification: induced interpretive biases affect memo-
ry. Emotion. 2011; 11: 145-152. doi: 10.1037/20021754 PMID: 21401234

Alessandria M, Vetrugno R, Cortelli P, Montagna P. Normal body scheme and absent phantom limb ex-
perience in amputees while dreaming. Conscious Cogn. 2011; 20: 1831-1834. doi: 10.1016/j.concog.
2011.06.013 PMID: 21742516

Vetrugno R, Arnulf I, Montagna P. Disappearance of “phantom limb” and amputated arm usage during
dreaming in REM sleep behaviour disorder. J Neurol Neurosurg Psychiatry. 2008; 79: 481—-483. PMID:
18039890

Schredl M. Frequency and nature of pain in a long dream series. Sleep Hypn. 2011; 13: 1-6.

PLOS ONE | DOI:10.1371/journal.pone.0119552 March 5,2015 13/13


https://www.destatis.de/DE/Publikationen/Thematisch/Gesundheit/BehinderteMenschen/SozialSchwerbehinderteKB5227101139004.pdf?__blob�=�publicationFile
https://www.destatis.de/DE/Publikationen/Thematisch/Gesundheit/BehinderteMenschen/SozialSchwerbehinderteKB5227101139004.pdf?__blob�=�publicationFile
http://www.ncbi.nlm.nih.gov/pubmed/12745943
http://www.ncbi.nlm.nih.gov/pubmed/12551807
http://dx.doi.org/10.1177/0309364610397087
http://www.ncbi.nlm.nih.gov/pubmed/21515894
http://www.ncbi.nlm.nih.gov/pubmed/9817817
http://www.ncbi.nlm.nih.gov/pubmed/15827913
http://www.ncbi.nlm.nih.gov/pubmed/6626790
http://dx.doi.org/10.1002/cpp.751
http://www.ncbi.nlm.nih.gov/pubmed/21567654
http://dx.doi.org/10.1080/10615806.2010.543132
http://www.ncbi.nlm.nih.gov/pubmed/21253957
http://www.ncbi.nlm.nih.gov/pubmed/16632084
http://www.ncbi.nlm.nih.gov/pubmed/17188116
http://dx.doi.org/10.1037/a0021754
http://www.ncbi.nlm.nih.gov/pubmed/21401234
http://dx.doi.org/10.1016/j.concog.2011.06.013
http://dx.doi.org/10.1016/j.concog.2011.06.013
http://www.ncbi.nlm.nih.gov/pubmed/21742516
http://www.ncbi.nlm.nih.gov/pubmed/18039890

