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Abstract
Objectives—Non-painful sensory phe-
nomena or “phantom” sensations are
common after spinal cord injury. How-
ever, the physiological mechanisms re-
sponsible for these sensations are poorly
understood. The aim of this study, there-
fore, was to document in a prospective
fashion the time course, prevalence, and
features of non-painful sensory phenom-
ena after spinal cord injury, and to deter-
mine whether there was a relation
between the presence of these sensations
and completeness, level of injury, and type
of spinal cord injury.
Methods—Patients admitted to an acute
spinal injuries unit were interviewed after
admission and at several time points over
a 2 year period to determine the presence
and characteristics of non-painful sensa-
tions. Sensations were divided into simple
and complex, with complex referring to
sensations that incorporated a sensation
of volume, length, posture, or movement.
Results—The present study showed that
the large majority (90%) of patients
experience either type of sensation and
most complex sensations (60%) are first
experienced within 24 hours after the
injury. Complex sensations were more
common in those patients who had com-
plete spinal cord injuries. The presence of
either type of sensation did not seem to be
related to the level of injury or the type of
injury (cord syndrome). A relatively small
proportion (22%) of patients reported that
the postural sensations were related to
their position at the time of injury and
sensations were more commonly related
to a familiar, comfortable, or often used
position before the spinal cord injury.
Conclusion—Complex sensations such as
postural illusions seem to be due to
functional changes in the CNS that may
occur almost immediately after spinal
cord injury. These sensations may be
related to a strong sensory memory
“imprint” that has been established be-
fore injury.
(J Neurol Neurosurg Psychiatry 1999;66:617–622)
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Damage to the peripheral and central nervous
systems results in various painful and non-
painful sensory phenomena. These non-
painful sensory phenomena in a region where
there has been complete denervation, such as
occurs after amputation,1 are often referred to

as “phantom” sensations. These have been
described after loss of parts of the body includ-
ing limbs,2 breast,3 nose,1 and teeth4 and have
been reported after the loss of other sensations
such as vision.5 Phantom sensations may take
the form of “simple” sensations such as press-
ure, temperature and touch, and more “com-
plex” sensations such as posture, length, and
volume.6 There may also be sensations of
movement such as spontaneous or willed
movements of the aVected region.

Many patients who have sustained a spinal
cord injury also report sensory phenomena
that have many similarities to these phantom
limb sensations that are experienced after
amputation.1 7–11 After spinal cord injury, some
patients describe an “amputation illusion” or a
sensation that the anaesthetic part is no longer
present.1 8 11 This absence of sensation is often
replaced by the presence of sensations which
are perceived as originating from the region of
sensory disturbance.8 12 These sensations may
include a feeling of tightness, heaviness, burn-
ing, coldness, tingling, vibration, numbness,
formication, and swelling. The limbs may be
perceived to be in a posture which is unrelated
to their real position and the lower limbs are
commonly described as being flexed at the hip
and knee joint, lifted into the air, or
crossed.8 9 12 Sensations of complex movements
such as cycling of the legs9 or sensations of
reflex actions such as penile erection and
orgasm may also occur.10

Although these non-painful sensory phe-
nomena after spinal cord injury have been
described, there is little information available
about the prevalence and duration of these
sensations or about their relation with other
variables associated with the injury.9 10 13–14 It
has been suggested that the prevalence of
phantom sensations after traumatic spinal cord
injury is as high as 89%10 or 100%.8 It has also
been reported that the sensations tend to
disappear with time.8 However, the infor-
mation that has been obtained in these studies
has usually been collected some time after
injury. The retrospective nature of these
studies, therefore, makes it diYcult to deter-
mine accurately the time of onset and duration
of phantom sensations.

The relation of phantom sensations to physi-
cal factors associated with the spinal cord
injury also seems uncertain. It has been
reported that the presence of phantom sensa-
tions is related to the spinal cord level of injury
or age.8 9 It is also commonly stated that the
perceived position of the limbs is related to
their position at the time of injury.12 14 Others
have failed to find this relation.9
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Thus, the presence of non-painful sensations
in the region of sensory disturbance is a well
recognised phenomenon after spinal cord
injury. However, there are no prospective stud-
ies which have documented the characteristics
of these sensations from the time of injury. The
aim of this study, therefore, was to determine
prospectively the nature, onset, and time
course of phantom sensations after spinal cord
injury. Furthermore, we sought to determine
whether the presence of these sensations was
related to other factors such as level of injury,
completeness, or type of spinal cord injury, and
whether the nature of these sensations was
related to factors such as position at the time of
injury.

Methods
PATIENTS

We performed a prospective, longitudinal study
of patients admitted to the spinal injuries unit
of this institution with acute spinal cord injury.
This institution admits about 60% of all people
in the region (population 6.2 million) who have
spinal cord injuries. Selection for admission is
based on geographical location at the time of
injury. The study protocol was approved by the
institutional human ethics review committee.
All people admitted to the unit within 3
months of an acute traumatic spinal cord injury
were asked to participate in the study. People
were excluded if they were under 18 years of
age, had a history of psychiatric disorder,
sustained a brain injury during their accident
which resulted in continuing neuropsychologi-
cal deficit, or had diYculty with communica-
tion. Communication diYculties included con-
fusion and lack of fluency in the English
language. People who were being ventilated
during the course of the study were also not
included. If possible, participants gave in-
formed written consent. Those who were
unable to write gave verbal consent. Results
obtained from patients who were discharged
with no sensory or motor deficit were not
included in the analysis.

Of the 106 patients who were eligible for
inclusion in the study, 103 agreed to partici-

pate. Characteristics of the patients who took
part in the study are shown in table 1. People
were interviewed as soon as possible after their
injury. This usually occurred 14 days after their
injury. Interviews occurred at 2 week intervals
until discharge from the spinal injuries unit and
at 3, 6, 12, and 24 months after injury. Some
patients were not available for interview at
some of these times (1 month, n=103; 12
months, n=72; 24 months, n=44). This was
due to the death of two patients and loss to fol-
low up because of relocation after discharge.

Patients were interviewed by a researcher in
the study with our own questionnaire, which
recorded the presence and features of sensa-
tions in areas of sensory disturbance. These
were divided into painful and non-painful.
Only non-painful sensations that occurred in
the region of sensory disturbance at or below
the level of injury were included in this study.
Non-painful sensations were classified into two
groups: simple and complex.6 Simple sensa-
tions refer to non-painful sensations other than
position or movement such as tightness, heavi-
ness, tingling, vibrating, numbness, formica-
tion and swelling. Complex sensations refer to
sensations that may have the same qualities as
simple sensations but also include a sensation
of length, volume, posture, or movement.
These include sensations such as positional
illusions of the limbs, limb movement and
functional illusions such as defaecation or mic-
turition. People were not informed of prior
responses.

Variables of interest related to the spinal cord
injury such as cause and type of injury, and
level and completeness of lesion were also
recorded. Confounding variables such as medi-
cation intake were also recorded. Complete-
ness was judged on the basis of physical exam-
ination and the term was used when there was
absence of sensory and motor function in the
lowest sacral segment.15

DATA ANALYSIS

÷2 Tests with Yates’ correction and Fisher’s
exact test were used to compare groups.
Significance was defined as p<0.05.

Results
ONSET

Simple sensations
The average time of onset of simple sensations
was 75.8 (SD 126.1) days after injury. Twenty
seven per cent of simple sensations started
within 24 hours of injury; 23% started after the
first day but within the first week; 22% started
after the first week but within the first month;
28% started more than 1 month after injury
(fig 1).

Complex sensations
By contrast with simple sensations, the onset of
complex sensations was generally earlier. The
average time of onset was 8.3 d (SD 20.6) days
after injury. Sixty per cent of complex sensa-
tions started within 24 hours of injury; 20%
started after the first day but within the first
week; 12% commenced after the first week but

Table 1 Patient characteristics

Item No (total n=103)

Total 103
Male 84
Mean age (range) 38 (18–78)
Tetraplegic 52
Aetiology:

Motor accident 43
Fall 25
Sporting accident 19
Bicycle 5
Crush injury 6
Miscellaneous 5

Level (neurological):
Cervical 54
Thoracic 26
Lumbar 22
Sacral 1

Syndrome:
Central cord 19
Anterior cord 6
Brown-Sequard 9
Conus medullaris 12
Cauda equina 15

Complete 38
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within the first month; 8% started more than 1
month after injury (fig 1).

INCIDENCE AND PREVALENCE

Of the 73 patients who were assessed for the
first 12 months after their injury, 66 (90%) had
non-painful sensations in the region of sensory
disturbance at some time during this time
(table 2). Forty seven patients (63%) had sim-
ple sensations; 45 (62%) had complex sensa-
tions; 13 (18%) experienced both types of sen-
sations and some patients had more than one
sensation of the same type. In total, there were
236 (120 simple; 116 complex) sensations
reported among 73 patients.

The percentage of patients who reported
either simple or complex sensations remained
similar over the 2 year period and did not fall
below 50% (fig 2). However, the prevalence of
the two types of sensations displayed diVerent
patterns. Simple sensations were present in
21% of patients at day 1 after injury but 1 year
after injury, 47% of patients reported simple
sensations. By contrast, complex sensations
were present in 54% of patients at day 1 but
this had decreased to 24% at 2 years.

LOCATION OF SENSATIONS

The majority of both simple and complex sen-
sations (59% and 62% respectively) were
located in the lower limbs (table 3). The next
most common location was in the upper limbs.
Sensations were perceived to arise from the
upper limbs in 21% of those with simple sensa-
tions and 19% of those with complex sensa-
tions. In 17% of those with complex sensations,
these were perceived to arise from the bladder,
bowels, or genitalia or were associated with
bladder or bowel function.

DESCRIPTION

Simple sensations
Various descriptors were used to characterise
simple sensations. These descriptors included
sensations of light touch, tightness, itching,
bursting, pressure, temperature change (cold

or hot), cramping, restlessness, brushing,
throbbing, heaviness, tingling, cramping, cut-
ting, prickling, fuzziness, and electricity. Those
most commonly reported were tingling (13
patients) and pins and needles (10 patients).
Each of the other sensations were reported by
between one and five patients.

Complex sensations
The greatest number of complex sensory
disturbances that were reported by patients
were positional sensations perceived to arise
from the lower limbs. Most patients described
their lower limbs in either a position of hip and
knee flexion or hip adduction (table 4). Thirty
five were asked if they could voluntarily
“move” the perceived position of their phan-
tom limbs and they could not. Three out of 10
(30%) found that the phantom disappeared
when they visually checked the position of their
limbs. Fifteen were asked about the presence of
shortening or telescoping. These terms refer to
the sensation of the end of the limb being closer
to the torso and therefore a perception that the
limb had shortened. None of the patients in
this study experienced these phenomena.
Nineteen were asked about a sensation of
“amputation” of the region of sensory loss.
Three of them (16%) experienced this.

Nine patients reported sensations that also
involved movement. Four of the nine reported
that the legs felt as though they were swinging.
The other reports included a sensation of
movement in the hands and fingers, including
one in which there was a sensation of picking
up something between the fingers. Sixteen
patients reported sensations associated with
micturition (eight patients) or defaecation
(eight patients).

Several patients reported sensations which
were clearly related to prior experiences. One
reported a sensation like a band around her
finger. This was identical to the sensation she
used to experience when putting an elastic
band around her finger while brushing her
daughter’s hair. One patient reported a feeling
of dislocation of her knee identical to that
experienced some years previously except that
it was no longer painful. One patient reported a
cramping sensation in the right calf. This sen-

Figure 1 Percentage of simple and complex sensations
which appeared for the first time at diVerent time points
after spinal cord injury.
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Table 2 Incidence of non-painful sensations (at 1 year)

Simple Complex Either Both*

No of patients 47 45 66 13
% Of study population 63 62 90 18

*Some patients had both simple and complex sensations.

Figure 2 Percentage of patients with diVerent types of
sensations at diVerent time points after spinal cord injury.
(Numbers of patients in each group: 1 day, n=103; 1 week,
n=103; 1 month, n=103; 1 year, n=72; 2 years, n=44.)
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sation was identical to that experienced on the
morning of the accident which resulted in his
spinal cord injury when he had experienced
diYculties in starting his motor cycle.

PRODUCTION OF CHANGES IN SENSATIONS

Simple sensations
Various situations or factors seemed to induce
simple sensations. These are listed in table 5.

Complex sensations
Several situations produced changes in com-
plex sensations. One patient reported that
positional sensations disappeared temporarily
after administration of diazepam. One reported
that approaching doorways would produce a
sensation that the left arm was abducted. One
reported that the sensations did not start until
immediately after spinal surgery. One reported
that the sensations ceased when he was rolled
into the supine position and did not return.
One reported a sensation of uncontrolled
bowel actions. This started when he moved

into a room in which another person had had
frequent bowel accidents.

RELATION TO OTHER VARIABLES

There was a significantly higher proportion of
patients with complex sensations in the group
that had complete injuries (87%) compared
with the group that had incomplete injuries
(54%) (Yates’ corrected ÷2=10.21, df=1,
p=0.0014) (fig 3). There was no significant
diVerence in the proportion of patients with
non-painful sensations of either type or non-
painful simple sensations when those who had
complete spinal cord injuries were compared
with those who had incomplete injuries.

There was no significant diVerence in the
proportion of patients reporting simple, com-
plex, or either sensation when comparisons
were made of patients with injuries at cervical,
thoracic, and lumbar spinal levels (fig 4).

Eighty three per cent of those with conus
medullaris experienced complex sensations
compared with 42% and 47% with central cord
and cauda equina injuries respectively. How-
ever, these proportions failed to reach signifi-
cance (fig 5).

Of those who could remember their position
at the time of injury, 12/55 (22%) reported that
their positional sensations were identical to
those experienced at the time of injury. Fifteen
out of 38 (39%) reported that they were iden-
tical to a familiar, comfortable, or often used

Table 3 Location (n (%)) of non-painful sensations

Upper
limbs Torso

Lower
limbs

Rectum
bowels

Bladder
urination Genitalia

Whole
body

Simple 29 (21) 13 (9) 81 (59) 5 (4) 0 (0) 1 (1) 9 (7)
Complex 22 (19) 1 (1) 71 (62) 8 (7) 8 (7) 3 (3) 2 (2)

Table 4 Types of positional sensations

Position
No of patients
(total n=103)

Lower limbs:
Hips flexed, knees flexed 19
Legs crossed 16
Legs, feet externally rotated 7
Knees flexed 5
Feet hanging over edge of bed 4
Legs spread apart 3
Feet plantar flexed 3
Heels pressing into buttocks 3
Toes curling 2
Toes pressing together 1
Legs twisted around each other 1
Legs up over shoulders 1
Foot twisting 1
Ankles rubbing together 1

Upper limbs:
Hands clenched 6
Arms extended 3
Arms and hands clasped in lap 1
Arms crossed over body 1
Fingers flexed 1
Hand overlapping 1
Right thumb pulled back 1
Left hand upside down 1
Arms behind back 1
Arms twisted around throat 1
Hands on abdomen 1
Left arm abducted 1

Body/torso:
Disconnected, floating 2
Pelvis rotated 90° 1
Body turned to side 1
Back arching 1
Body tilted (feet down) 1

Table 5 Simple sensation triggers*

Trigger EVect

Focusing on moving a part Tingling (two patients)
Smoking Burning or tingling (two patients)
Abdominal spasm Electric sensations
Urinary tract infection Abdominal tightness
Sudden noise Electric sensations

*All patients had complete spinal cord lesions.

Figure 3 Percentage of patients with diVerent types of
sensations according to completeness of the spinal cord
injury. (Numbers of patients in each group: complete, n=38;
incomplete, n=65.)
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Figure 4 Percentage of patients with diVerent types of
sensations according to the level of spinal cord injury.
(Numbers of patients in each group: cervical, n=54;
thoracic, n=26; lumbar, n=22.)
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position before their injury. None of the simple
sensations were the same as those experienced
at the time of injury. Eleven out of 28 (39%)
simple sensations were also identical to famil-
iar, comfortable, or often experienced sensa-
tions before injury. Two out of the four (50%)
movement sensations were familiar, comfort-
able, or movements experienced before injury.
None of the movement sensations seemed to
be related to the injury experience. There was
no relation between the presence of pain (neu-
ropathic below level) and non-painful sensa-
tions.

Conclusions
This is the first prospective study which docu-
ments the prevalence, time course, and features
of non-painful sensory phenomena after spinal
cord injury from the time of injury. This study
shows that there are two main types of sensory
phenomena that diVer in their time course and
are related to diVerent variables after spinal
cord injury. Specifically, the study shows that
those patients with complete spinal cord injury
lesions were more likely to report complex sen-
sations than those with incomplete lesions.
However, there was no relation between injury
level or type of injury and the presence of either
simple or complex sensations after spinal cord
injury.

There are several factors in a study of this
type that may distort the findings and conclu-
sions. Selection bias, loss of patients to follow
up, and confounding variables during the
course of the study may all contribute to inac-
curacies. Attempts were made to keep these
factors to a minimum. Selection bias was
reduced because admission to the hospital was
based purely on the site where injury occurred
and was not related to factors associated with
the injury or the patient. The high number of
eligible participating patients (97%) also re-
duced bias related to those who entered in the
study. It is acknowledged that report of sensa-
tions may have been aVected by medication
and other intervention such as surgery. These
variables were noted but no consistent relation
between either of these factors and a change in
sensations was seen.

The prevalence of sensations after spinal
cord injury is within the range of figures
obtained in previous studies. However, the
range is quite large with previous studies
reporting that 51%,14 89%,10 94%,9 and 100%8

of patients experience phantom sensations
after their injury. One reason for the large range
of percentages may be the definition of
phantom sensations that we used. The study
reporting the lowest percentage14 (51%) only
includes those with positional illusions whereas
those with higher percentages include other
types of sensory phenomena including pain.8–10

In the present study, we included all non-
painful sensory phenomena but did not include
pain and therefore the percentage that we
found (90%) is at the lower end of those stud-
ies which included both pain and other sensa-
tions.

By contrast with previous reports, we found
that most patients (60%) who experience com-
plex sensations after spinal cord injury first
report them within 24 hours after the injury.16

On the other hand, simple sensations tended to
appear later. Previous reports have suggested
that spinal cord injury “phantoms” tend to
appear later than amputation “phantoms”,
which occur immediately or soon after
amputation.2 The reason for this diVerence in
the present study may be that previous studies
of sensory phenomena after spinal cord injury
are retrospective and that patients find it diY-
cult to accurately recall events immediately
after their injury.

The diVerence in time course for simple
sensations also suggests that diVerent mecha-
nisms may be responsible for the presence of
simple and complex sensations. It has been
suggested that sprouting, which has been seen
to occur after peripheral nerve damage, may be
responsible for the appearance of abnormal
sensory phenomena after peripheral nerve
injury.17 18 Although this may be the case with
simple sensations, the short time course of
complex sensations after spinal cord injury
(majority within 24 hours after injury) seems to
be inconsistent with the phenomenon of
sprouting, which does not occur for several
days after the injury.18

One feature of phantom sensations that is
seen after limb amputation is the phenomenon
of “telescoping” or apparent shortening of the
phantom limb.2 6 In agreement with the
findings of Bors8 and Conomy,9 none of the
patients in the present study experienced
shortening or telescoping of the phantom. It
has also been reported that patients with spinal
cord injury experience an amputation illusion
immediately after injury.10 11 In accord with
these findings, 16% of those questioned in the
present study experienced this sensation.

Of interest in any study of this nature is what
can be learned of the mechanisms responsible
for the generation of the sensations. Although it
is easier to hypothesise mechanisms that may
result in the perception of simple sensations,
the mechanisms responsible for complex sen-
sations which may include a sensation of posi-
tion or even movement are more diYcult to
understand. It has been suggested that the
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Figure 5 Percentage of patients with diVerent types of
sensations according to type of spinal cord injury. (Numbers
of patients in each group: central cord, n=19;
Brown-Sequard, n=9; conus medullaris, n=12; cauda
equina, n=15.)
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position of the limbs, as perceived by the
patient, is related to position at the time of
injury.10 12 14 The findings from our own study
indicate that some patients do have phantom
sensations that are related to the time of injury.
However, there was a relatively small pro-
portion (22%) of patients who had complex
sensations corresponding to their injury posi-
tion in the present study. This finding disputes
the view suggested by some authors12 14 that
this association is an almost universal phenom-
enon. The findings of the present study are
supported by Conomy9 who found only a few
patients in which this was the case. It is
interesting that most patients in the present
study reported sensations of either lower limb
flexion or adduction and rarely extension. This
is in agreement with the results of Riddoch1

and Conomy9 who noted that the limbs are
often initially perceived to be in a position of
flexion, even when the patient was in a position
of extension at the time of injury.

Some patients report positional illusions that
are identical to positions that are often used,
comfortable, or familiar before their injury. In
an extensive review of the subject Sweet11 men-
tions a case described by Mayer-Gross19 in
which the patient with spinal cord injury had a
phantom sensation in which the forearms were
folded and hands clasped in a favourite
position for him and not the position at the
time of injury. In our study, one woman had a
sensation which was identical to that experi-
enced when she used to tie an elastic head band
around her finger to do her daughter’s hair
some years previously. Many patients reported
that the position of the phantom in which they
were lying down with the hips and knees flexed
and feet on the bed was a comfortable or often
used position.

The association between preinjury positions
(either past or immediately before) leads to the
postulation of mechanisms which are largely
conjectural. It has been suggested that they are
due to: (1) the creation of “artificial
synapses”13; (2) preservation of aVerent input9;
(3) the result of a “learned” or inbuilt memory
or “body schema” or “neuromatrix”20–22; and
(4) Loss of aVerent input and memory
“gridlock”.14 Our findings, as well as those of
others, supports the concept that spinal cord
injury sensory phenomena are related to prior
sensations that are linked to repetitive events.
This supports the idea of “imprinted” sensory
memories. We suggest that phantom sensations
are related to any input which occurs at any
stage before spinal cord injury, which is either
strong or repetitive and therefore has a strong
“imprint” in long term memory.

There is another feature of non-painful sen-
sations that may also provide clues as to under-
lying mechanisms. They are often triggered by
input from other sources. One woman in the
present study developed a feeling that her knee

was dislocated 12 weeks after the injury
although it was not regarded as painful. This
was triggered by a urinary tract infection. It has
been previously been reported that phantom
sensations are triggered by stimulation of areas
remote to the site of the sensation. It has been
noted in studies of other phantom phenomena,
such as phantom breast sensation,23 that
perceptual remapping occurs after loss of sen-
sory input. Thus, sensory input from a region
with preserved sensory function after spinal
cord injury may be responsible for the percep-
tion of sensations in a remote region that no
longer provides sensory input.
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