Four Legs

Iusory Reduplication of the Lower Limbs

After Bilateral Parietal Lobe Damage

- OBSERVATION
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Objective: To report an unusual disorder of body schema
and its neurologic and neuropsychological correlates.

Design and Methods: We describe a patient with a
reduplicative phantom illusion of her lower limbs. Mo-
tor and sensory functions, as well as mental representa-
tion of body and space, were studied during the redu-
plication experience until its resolution.

Setting: Clinical neurology department in a primary care
hospital.

Patient: A 64-year-old, left-handed woman who expe-
rienced the uncontrollable and distressing feeling of hav-
ing 4 legs, without delusional belief, after surgical re-
moval of a right-predominant parasagittal parietal
meningioma. This phenomenon spontaneously re-
solved after 2 weeks.

Intervention: None.

Main Outcome Measures: Clinical neurologic

examinations and standardized neuropsychological
tests, with emphasis on tests assessing orientation to
body parts, right-left discrimination, and mental orien-
tation in space.

Results: The patient had severe weakness and proprio-
ceptive sensory loss in both lower limbs. She had no dis-
turbances of body schema knowledge but a striking im-
pairment in tasks requiring mental orientation in space,
particularly for right-left laterality discrimination. Reso-
lution of the reduplication experience correlated with im-
provement in the affected spatial abilities, while motor,
sensory, and other cognitive functioning did not signifi-
cantly change.

Conclusion: This patient’s reduplicative phantom
illusion might be related to the combination of the
severe somatosensory loss with an underlying
impaired mental representation of relative positions in-
space.

Arch Neurol. 1997;54:1543-1547

From the Departments of
Neurology (Drs Vuilleumier
and Landis) and Neurosurgery
(Dr Reverdin), University
Hospital of Geneva, Geneva,
Switzerland.

MONG DISORDERS of body

awareness in patients with

brain damage, anosogno-

sia (or denial) of hemiple-

gia is most common. Other
disturbances with abnormal positive elabo-
rations regarding the affected limbs are
more rare. These phenomena may in-
clude somatesthetic or kinesthetic hallu-
cinations,"? somatoparaphrenia,’ delu-
sional reduplication of body parts* (also
called pseudopolymelia),’ or supernumer-
ary phantom limb sensations.® The hy-
potheses for these phenomena have been
various, referring either to impaired sen-
sation,’ disruption in a putative body
schema,® perceptual completion,’ partial
or implicit anosognosia,® unconscious
resolution of cognitive dissonances re-
garding beliefs about the body and its ac-
tual perception,? or symbolic psychody-
namic elaboration.*?
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We report a case of imagined redu-
plication of both lower limbs after surgi-
cal removal of a parasagittal parietal me-
ningioma. To our knowledge, this is the
first reported case of a bilaterai, symmetri-
cal phantom reduplication of limbs fol-
lowing brain damage. We studied both the
neurologic sensorimotor and neuropsy-
chological correlates of this phenom-
enon, as well as their temporal course un-
til recovery.

A healthy, 64-year-old, left-handed woman
underwent 3 extirpations of a right pari-
etal parasagittal meningioma. The diag-
nosis had been made 26 months before her
hospital admission after weakness and par-
esthesia had developed in her left leg. A
first extirpation was followed by persis-
tent left foot-drop. A second extirpation




A brain magnetic resonance imaging scan obtained before surgery:
T,-wefghted sagittal (fop) and axial (bottom) gadolinium-enhanced contrast
images. A parasagittal meningioma with a moderate bilateral,
right-predominant, mass effect on the mesial parietal lobes can be seen,
mainly involving Brodmann areas 5 and 7 in the precuneus and paracentral
lobule, as well as compromising the superior sagittal venous sinus.

was performed 15 months later because of a recurring
tumor and sensorimotor seizures of the left leg. Three
weeks before admission, other partial seizures oc-
curred. Magnetic resonance imaging scans revealed a new
recurrence of the meningioma with a moderate bilat-
eral, right-predominant, mass effect on the parietal lobes
and extension to the superior sagittal venous sinus
(Figwre). On admission to our hospital, findings of a neu-
rologic examination were unremarkable except for the
known paresis of her left foot. Surgical removal of the
meningioma was again performed, the procedure being
uncomplicated, but the superior sagittal venous sinus had
to be sacrificed.

Following the procedure; presumably because of ve-

nous infarction, the patient was found to have a severe-

paresis and anesthesia of both lower limbs. Initially, al-
though there was no overt spatial neglect, the patientac-
knowledged weakness of the right leg, but not of the:left

leg. On the second postoperative day, after she realized
that both legs were paretic, she reported experiencing the
uncontrollable teeling of having 4 legs. Alertness and ori-
entation were normal and she was not confused. This
phantom feeling was rather distressing for the patient,
who claimed that it was continuous and could not be vol-
untarily suppressed. She spontaneously criticized its un-
reality and was afraid of going insane. “! know it is not
possible to have 4 legs, so I know it cannot be true,” she
noted. However, the patient confessed that at times she
could not help checking by touch or sight.

Patient: “When I touch them, I don't feel it. . . when I see there
are only 2 legs, it is as if there were 2 invisible ones.” Exam-
iner: “So, the 2 legs too many are different?” Patient: *No, they
are all the same.” Examiner: “But there must be 2 real and 2
unreal?” Patient: *I guess it is so, but they seem all the same,
all real to me.”

The patient described that all 4 perceived limbs were com-
plete and attached to her body, 2 of them being right legs
lying on the right side, and the other 2 being left legs on
the left side. They were all normal and equal in size, simi-
larly stretched out on the bed, and heavy. When she was
seated, she felt the hips and knees of the 4 legs to be flexed
alike. All 4 legs were motionliess and subjectively para-
lyzed. However, the patient was convinced that the 2 left
legs could eventually be moved with sufficient effort, while
the 2 right legs could not:

[ feel that the 2 legs on each side are associated . . . not bound
together, but associated . . . they are distinct legs, each a fuil
leg, but they must work together. I think this happens because
I want them to be all right, so there are 2 legs on each side,
maybe to help each other . . . butitis not a phantasm, you know,
itis how things are . . . there are 2 legs too many, | am not mad
yet.

There was no other interpretative elaboration, delusion,
or reduplication of people, places, or events.

CLINICAL AND NEUROPSYCHOLOGICAL
ASSESSMENT

Findings of neurologic examinations on the fourth and
sixth postoperative days showed a severe bilateral pare-
sis of the lower limbs, predominating on the right side
and including hip flexion, knee extension, and foot dor-
siflexion (M2, M2, and M3, respectively), with slowed
initiation of movement, bilateral hyperreflexia, and bi-
lateral Babinski sign. Position and passive motion sense
was completely absent in the toes, ankle, knee, and hip
on the right side (0/10, 0710, 0/10, and 2/10, respec-
tively), while it was markedly impaired for the toes and
hip (6/10 and 3/10, respectively) and moderately im-
paired for the ankle and knee (8/10 each) on the left side.
Tactile, pain, temperature, pressure, and vibration sen-
sations were also markedly decreased on both sides, while
topesthesia, graphesthesia, directional sense, and 2-
points discrimination were virtually lost.'? Sensaton could
not be-precisely referred to 1 of the 4 illusory limbs: the
patient either-could not locate the stimuli to any of them
or she'located the stimuli to 1 of the 4 legs randomly,
even when encouraged to guess. There was no extinc-
tion for bilateral homonymous double stimulations. Sen-
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Resulits of Tasks of Body and Space Orientation
I 4
Score
Days 6-7 Day 15
(Reduplication (Reduplication Scores (+S0) From
Task Present) Resolved) Heaithy Subjects*
Orientation to Body Paris

Naming touched body parts 20/20 20/20
Touching named body parts 20720 20/20
Touching body parts in imitation 5110 8/10
Touching body parts according to schema

Front-view figure 1/6 4/6

Back-view figure 6/6 6/6

Right-Left Orientation
Show-Me Test 10/10 10/10 e
Laterality identification on drawings 9/20 17720 17 (£3.0)/20
Orientation in Space

Road-Map Test 13/21 18/21 18 (£1.5)/21
Blank geographic map

Conventional version 5/5 5/5 5/5

180°-Rotated version: 2/5 4/5 5/5.

Mirror-inverted version: 25 35 5/5
Mental reorientation: 30/84. 68/84- 78 (£5.6)/84

* Ellipses indicate tasks not performed in heaithy subjects.

sory disturbances extended up to the pubic level. Re-
sults of the Diller Center Test,"! which requires the patient
to indicate the midline of his or her body when tapped
along from side to side, were normal on the back as well
as on the abdomen for right-to-left taps, but the patient
failed in half of 12 trials for left-to-right taps. Sensation
and stereognosis were intact in her upper limbs.

A detailed standardized neuropsychological exami-
nation was performed on the sixth and seventh postop-
erative days. The laterality index on the Edinburgh Hand-
edness Inventory'? was ~9% (ambidextrous). Oral and
written language functions, oral and written arithmet-
ics, ideomotor, ideational, and orofacial praxis, digit and
visuospatial spans, verbal learning, and frontal lobe func-
trions were all intact. Recognition of famous faces, ob-
jects, overlapping figures, and illusory contours was nor-
mal. There was a slight left neglect on copies of line
drawings and the Rey-Osterreith Complex Figure test,
but line bisection was correct. Results of the Hooper Vi-
suai Organization Test"> were moderately abnormal.

INVESTIGATION OF MENTAL REPRESENTATION
OF BODY AND SPACE

All testing was performed on the sixth and seventh post-
operative days. The patient’s performance on the draw-
a-person task'* was unremarkable. Her orientation to body
parts was assessed according to the following proce-
dures adapted from Semmes et al'’ and Lezak.!! The pa-
tient correctly named all body parts pointed to by the ex-
aminer on her own body and on the examiner’s body
(10710 each). She also correctly indicated all parts of her
own body and the examiner’s body by name (10/10 each).
On touching her own body parts in imitation of the ex-
aminer while facing each other, the patient made errors
in distinguishing right and left sides on haif of the trials,

although body parts were correctly identified (Table).
Similarly, on touching her own body parts according to
numbered schematic diagrams of a human figure, the pa-
tient typically made mistakes concerning the side (left
or right) on the front-view figure (1/6 correct), but she
made no mistakes with the back-view figure. There was
no difference in accuracy between lower and upper limbs.
Right-left identification of body parts on verbal com-
mand using the Smith Show-Me Test!! (ie, "Show me your
left ear, my right foot,” etc) was unimpaired. However,
on the Culver Laterality Discrimination test,'® which con-
sists of judging whether line drawings of body parts are
from the body’s left or right side, the patient’s ability was
severely impaired (Table). Finger recognition and nam-
ing of her own body parts, examiner’s body parts, and
those in schematic diagrams'’ was normal.

These results suggested a failure in right-left rever-
sal and mental reorientation of relative positions in space,
which was further explored by the following tests. On
the Road-Map Test,'® the patient was presented with a
traced pathway on a schematic street map and asked to
tell the direction taken at each turn (right or left) with-
out moving the map; 4 maps were used with 7 turns on
each. As shown in the Table, the patient’s performance
was poor. In another task, a blank geographic map of Swit-
zerland was presented in 3 different versions: the con-
ventional way (ie, north pointing up and east to the right),
in a 180°-rotated way (ie, south pointing up and west to
the right), and in a mirror-reversed way (ie, north point-
ing up and west to the right). When asked to point to
well-known topographic landmarks, the patient per-
formed flawlessly on the conventional map but poorly
on both the rotated and mirror-reversed maps. (Table).
A final test of mental reorientation*® was administered.

- Different line drawings of objects were displayed as tar-

gets along with other drawings of the same object, the
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latter being either rotated (half of the triais) or both ro-
tated and mirror-inverted (half of the trials). The pa-
tient had to indicate “same” for rotated objects or “dif-
ferent” for mirror-inverted objects. Again, her performance
was severely impaired in both conditions (Table).

RESOLUTION

The feeling of supernumerary legs lasted continuously
for 14 days. On the last 2 days the patient reported that
the feeling had decreased in intensity: it could be expe-
rienced only with her eyes closed and was suppressed by
vision. The feeling had totally disappeared on awaken-
ing on the 15th postoperative day. The same day, a de-
tailed neurologic and neuropsychological examination
was repeated as before. Paresis of both lower limbs had
improved little and still predominated on the right side
(M3 for hip flexion and knees extension, M4- for feet
dorsiflexion). Her position sense had improved a little
also, mostly in the proximal left lower limb (9/10 and
10/10 for hip and knee, respectively), but it was not sig-
nificantly changed in the distal left lower limb (4/10 for
both ankle and toes) nor in the right lower limb (0/10,
0/10, 0/10, and 2/10 for toes, ankle, knee, and hip, re-
spectively). Except for a moderate improvement in tac-
tile, pain, and temperature discrimination, all other sen-
sation modalities were still impaired as on the previous
days. On the other hand, the neuropsychological assess-
ment showed a considerable improvement on all tasks
of mental representation of positions in space and right-
left orientation (Table). As before, the rest of her cogni-
tive functioning was normal, except for a persisting left
spatial neglect on copying tasks. After 9 months of follow-
up, somatosensory loss remained severe in both legs; the
patient was still unable to walk but she never experi-
enced a reduplication sensation again. Neuropsychologi-
cal test findings were then normal.

— T

After she postoperatively became paraparetic, our pa-
tient experienced for 2 weeks an uncontrollable subjec-
tive feeling of reduplication of both lower limbs. The re-
duplication experience appeared as a continuous
somatesthetic-proprioceptive illusion or hallucinosis,
rather than as a delusion, because the patient did not
elaborate any abnormal belief about it and spontane-
ously criticized its unreality. Furthermore, since she was
rather perplexed and distressed, and there was no evi-
dence of a failure to monitor reality, this feeling cannot
be simply considered a form of confabulation. She had
no disturbances in her body schema knowledge, auto-
topagnosia, or right-left confusion in direct, uncrossed
testing conditions. To our knowledge, there is no other
reported case of a similar reduplication phenomenon of
the lower limbs following brain damage without any de-
gree of delusion or confusion. Davis®® observed one:pa-
tient with head trauma and cervical spinal cord injury
who had quadriplegia and felt that he had 2 additional
legs tied up with the:2 others. Similarly, Ohry et al* de—
scribed a patient with traumatic quadriplegia and a du-
plication sensation of all 4 limbs, the extra.limbs.being.

‘perceived as parallel to the real ones. However, there are
only scant details about the neurologic and cognitive sta-
tus of both of those patients. Delusional belief in 2 pairs
of legs (front and back) was expressed by one patient of
Weinstein et al* who had a left hemiparesis after a se-
vere closed head injury and showed many other redu-
plicative delusions about people. places, and events. Be-
lief in a unilateral illusory supernumerary limb on one
affected side (usually a third arm) also has been re-
ported in a few cases following stroke in the right hemi-
sphere,®®? head trauma with right frontal contusion and
extensive nerve damage in the upper limb,” and in mul-
tiple sclerosis with hemisensory disturbances.”

In our patient, illusory reduplication was associ-
ated with a profound proprioceptive sensory loss in both
lower limbs caused by bilateral parietal damage. A se-
vere sensory loss in their affected limbs was also noted
in several other patients,**** and it was likely to be pres-
ent as well in the patients with quadriplegia of Davis®
and Ohry et al.! Complete sensory deafferentation, such
as may occur with lesions of the peripheral nerves, bra-
chial plexus, or spinal cord, commonly leads to phan-
tom limb sensation.**? This phenomenon has been used
to support the existence of a specific neural network in
the brain (neuromatrix) subserving the conscious aware-
ness of body parts (body image), which may persist and
construct the phenomenological experience of a body part
phantom when deprived of the normally modulating sen-
sory inputs.?* Such phantom limbs may take various po-
sitions in space, dissociated from that of the real limbs,
but are not reduplicated.?*? Similar completion of the
body image in conscious awareness also occurs with se-
vere sensory loss following cerebral damage.>” Thus, in
our patient, dense loss of sensation (and motor strength)
in the lower limbs could have resuited in the perception
of phantom limbs. However, while this would account
for one pair of phantom legs,® how can we explain their
reduplication?

One hypothesis accounting for the reduplicative ex-
perience would be to consider that the patient’s history
of a slowly growing parietal meningioma and previous
surgery had induced a reorganization in the cortical sen-
sory somatotopic representation of the lower limbs.*” A
former somatosensory representation, repressed until
then, could have been released because of the new post-
operative sensorimotor deficit and generated the somat-
esthetic illusion of duplicated legs. However, we found
that the patient’s sensory and motor functions did not
significantly improve as the reduplication phenomenon
disappeared. Therefore, the proprioceptive deafferenta-
tion might be a necessary, but not sufficient, condition
for supernumerary phantom limbs to occur.

In contrast, as the reduplication phenomenon dis-
appeared, we found that the patient’s performance on spa-
tial cognitive tasks also showed a substantial improve-
ment. Indeed, when the illusory reduplication was present,
a neuropsychological investigation revealed a rather se-
lective and striking impairment in right-left orientation
reversal and other tasks of mental orientation in space:
All of those spatial abilities similarly require the mental
representation of relative position in space and have been
shown to depend on right as well as on left posterior hemi-
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spheric areas,'”*? with both hemispheres most likely
participating.’®*! Thus, the patient’s severe orientation
impairment was consistent with her bilateral parietal dam-
age. Subsequently, as the illusory reduplication abated,
her abilities of right-left discrimination and mental ori-
entation in space concurrently improved. Other cogni-

. tive functions remained notably unimpaired through-
out the ordeal.

Therefore, although a parallel time course does not
prove a causal relationship, it raises the question of
whether a disorder in the mental representation of rela-
tive positions in space, particularly so for right-left lat-
erality discrimination, contributed to the illusory redu-
plicative experience. It is remarkable that in the only
other reported case’ of limb reduplication where orien-
tation to personal body parts was tested, there was evi-
dence of a similar disturbance in spatial reversal for
pointing to lateral body parts on a confronting exam-
iner or diagram, in contrast with flawless performance
in nonconfronting conditions. Which, if any, disorder
in spatial cognition could underlie both impaired men-
tal orientation in space and somatesthetic reduplicative
illusion remains open to speculation. There is at least
one classic condition where a distorted representation
of relative positions in space directly produces an illu-
sory duplication of a unique perception: touching an
object with crossed fingers creates the illusion of touch-
ing 2 different objects at 2 different places, a phenom-
enon known since Aristotle’s time but still unex-
plained.’>* Awareness of one’s body parts undoubtedly
implies distinction of position and orientation in space,
and following Bonnier** and Schilder,’ most authors'
have postulated that the conscious body image results
from a supramodal integration of somatosensory and
spatial information. Tentatively, the reduplicative phan-
tom limbs phenomenon might be considered a result of
the co-occurrence of 2 deficits: a severe somatosensory
loss, allowing a phantom construct of the limbs, and a
spatial disorder underlying an inability to represent
relative (especially right-left) positions in space. Both
deficits might somehow combine in conscious aware-
ness to produce an illusory reduplication of the phan-
tom perception.?
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