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= Abstract =
The Phantom Limb Sensation Expressed by Spinal Anesthesia

Yoon Choi, M.D., Phil Hwan Lee, M.D., Joong Woo Leem, Ph.D.*, Mi Ja Yoon, M.D.
Ji Yeon Shim, M.D., Hong Seuk Yang, M.D. and Dong Myung Lee, M.D.

Department of Anesthesiology, Asan Medical Center, College of Medicine,
University of Ulsan, Seoul, Korea
Department of Physiology, College of Medicine, Yonsei University, Seoul, Korea*

Background: Phantom limb sensation is an unusual position sense of the extremity during nerve block
that the position of extremity is misinterpreted as being flexed, or elevated, when actually they are in
neutral position. Whether it is from the fixation of proprioceptive input at the time of motor blockade
or from unmasking of the pattern which has been already present in the CNS is still controversial. We
perfomed this study under the assumption that phantom limb sensation can still be reproduced without
the influence of position at the time of nerve blockade.

Methods: Thirty-six patients scheduled for elective orthopedic surgery were randomly assigned. For
26 patients, spinal anesthesia was performed with hyperbaric 0.5% tetracaine or bupivacaine at lateral
decubitus position and the position was changed to supine immediately. Existence of phantom limb
sensation and the level of anesthesia was recorded at 10 and 20 minutes after injection of local
anesthetics. For 10 patients, same local anesthetics were injected after patient’s legs were straightened
in lateral decubitus position.

Results: Forteen out of 26 patients whose position were changed to supine immediately after the
injection of local anesthetics experienced phantom limb sensations. Five out of 10 patients whose legs
were kept straight before the injection of local anesthetics experienced phantom limb sensations. Previous
history of trauma was positively related to the expression of phantom limb sensation.

Conclusion: Our data showed that the expression of phantom limb sensation is reproducible. And
this was not related to the position at the time of spinal anesthesia. Trauma seems to be an important
factor related to the expression of phantom limb sensation. (Korean J Anesthesiol 1997; 33: 1134~
1141)

Key Words: Anesthetic techniques: spinal anesthesia. Pain: phantom limb sensation. Position: lateral;
supine. Physiology: trauma; central pattern generation
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Table 1. Locations and Properties of Phantom Limb Sensation occurring after Spinal Anesthesia in Patients with their
Legs flexed during Anesthesia

Patient Age/ Premed’ Anes’ Epi*  Trauma® Dermatome” Phantom limb sensation’
No.  Sex' 10 min 20 min 10 min 20 min
1 62/M N T + + T12 T12 - -
2 25M \'% T + + Ti2 T4 +(H:AFE) +(H:AF,E)
3 25/F \' T + - T10 T6 - -
4 45M v T - + T12 Ti2 + (H:A,F,E) +(H:AF,E)
5 26/M N T + + T12 Til +H:AF;, K:F) +(H:AF; K:F)
6 28M \Y% T + + Ti2 T5 - -
7 61/F N T + + T6 T6 +(H:F; K:F) +(H:F; K:F)
8 i2M M T - + T8 ? - -
9 40M N T + + T10 T8 - -
10 30/M N T - + T10 T6 - +H:AFE; K:F)
11 38M N T - + T8 T4 +H:F) ?
12 27M A\ B - + T1t T10 + (H:AF) +H:AF)
13 52/F M B - + ? ? - -
14 42M v B - + T6 T6 +H:AF;, K:F) +H:AF, K:F)
15 31/M M T - + T12 Ti1 +MH:AFE; KF) +MHAFE; K:F)
16 34M M T + -+ T10 T8 - +H:AF)
17 35/F M T - + L1 T12 - -
18 16/F M T - T4 T2 - -
19 41M M B - + T9 T7 +MH:AFE; KF) +MHF;, K:F)
20 24(F \'% T - - Ti2 T8 - +HAFE; K:F)
21 20M M B - + TI12 T11 +(H:AF;, K:F) +(H:AF;, K:F)
22 19M N B - - T12 Ti12 - -
23 53/F M B - - T6 T6 - -
24 64/F v B - + T8 Té6 - -
25 40/M M B - + L1 T4 +(HFE; K:F) +(H:F,E; K:F)
26 22/F M B - - TS T2 - -

1; M, male; F, female. 2; medication with tranquilizers prior to spinal anesthesia(N, none; V, valium; M, midazolam).
3; local anesthetics used for spinal anesthesia(T, tettacaine; B, bupivacaine). 4; addition of epinephrine to local

anesthetics(+, added;

—, not added) 5; previous experience of trauma(-, experienced;

—, not experienced) 6;

dermatomes from and below which sensory loss took place when examined 10 and 20 min after spinal anesthesia.
7; locations and properties of phantom limb sensation occurred when examined 10 and 20 min after spinal anesthesia(+,
—, absent; H, hip; K, knee; F, flexed; E, externally rotated; A, abducted). ?; missing data.

present;
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Table 2. Locations and Properties of Phantom Limb Sensation occurring after Spinal Anesthesia in Patients with Their

Legs Straight during Anesthesia

Patient Age/ Premed Anes Epi Trauma Dermatome Phantom limb sensation
No. Sex 10 min 20 min 10 min 20 min
1 28/F M M - + T10 TS - -
2 30/M N M - + T6 T6 +(H:AE) +(H:AE)
3 38M v M - + T12 T10 - -
4 23/ M N M - + T10 T8 - -
5 56/M M M - + T8 T7 - -
6 32/F A% M - + TI12 T10 - -
7 27M M M - + T10 T8 +(H:F,E; K:F) +(HFE; K:F)
8 23/F v M - -+ T12 T12 - +H:AF)
9 63/F v M - + T12 T11 +(H:A,E) +(H:AE)
10 18/F v M -~ + T2 T2 - +(HF;, K:F)

Abbreviations same as in Table 1.



1138 digtulH ot a3 A - M 33 @ A6 & 1997

UY T 4P BARL TR 4BRA FF
£ Fisher’s exact testg o|&3lod Bt =A3)
57 4% FollA A oY A ute] #AIzt
Zte] W ABaAZt A2 (p=0.037), #Ale]
A, alHAR AL A2 {7, ASH ofHA F
F# 9 vl Al Ul epinephrines] {7} R F& 2}
9 #X 7z dan 99 v FFFAE HolA
srgreh(zhzt p=0.17, 0.64, 0.75, 1.00).

i &

BAGG|F Mg &4F A2 I ¥ a3
£ e 8249 dNoA AAgtes o E AAE A
B3 JERH =7& dHed. dEE0 d4AzEe
dobsiz g H AZ FHAdIE ETen
X gelE€ FRen e A e =74E de

o] upx} ojwE AME Hln e =4E
ZA He 94 g9Aed' ™

#7472 £ d4dA AEE F e 84
% viazsch $A52 HFEdold AAAG ¥
ol AAE, Aol Aetsl Relell 5FE =7 &
Aolu] ooyt UAEEE 417 F-(neuroma) 59
AGARA A Y F5AZl iy vALHN AF
4 F37AS] 7haA (plasticity)” Fo] UL
A=} whe, BARZTE BFE FHElA %
on, 58 TxzAT A% P4eln]) F3
AAA e Wgg Fuldich ojg} Fe| #AF7}
< BAFH LA JHe] A dXsAE %2
U FEA74A W Hte gojde FEHE .4
g ol Fhstx 9lg 7HEAe] Weng Heut
A dAse $ARZe] A A dFE B
2% F3717¢ AFsed FL24 =70 2
F 9l& Aolrp?.

A7 SR AR ol AANAE ek
v, 4AlellA 2388 xR} o Fle] Arle
7A8ke B olt)*®. Prevomike} Eckenhoffi= 3wl
3219) 24%", Melzack?} Bromagety A9t A7 Ex}
thA] 94%”, BromageS} Melzack® AF2tA A ExbehA]
86%, 31219l HMEnlA) 55%9] YAz HEE
Bastgdel. FuleldEe, 2495 deix A
$zke] 10%elA”, AFLTE AR ADAA)

93%NA'Y, AUYFESL AAARHA 62% A P4
44%0ll4 §2) g PPtz HEUG.

4718 vieh Zo] Aot FANAE R
ZAzte] Jettng 4 g #x v Agdiiol

T g offF S3e FAAFEFAG, A=t
9] vhH, HE ol Fol ]88 = Qi dA|q, 4
AR FAL, A v BT & (perivas-
cular sheethyu} 73ute]Zd el A F-Aol A7} # = o}
stedl old FUsAl ARGl dohkA] FHal=
97 £5t3, 47l ARHE AE Xeolrt @
o, 47 Aol A(IHR Fale A= FF9U
ok olell v HEulHe FUI AABAGez A
Azl TFH AP=AE AFTE F dov HE
b o] RG-S A, APl AYAUA F
A8 e AAo] o] o] Ade wWlez A
519tk

Prevoznik®} Eckenhoff= X Euld ¥ 374 X
TAARA el g TR dd A 98 TRy
#A 7ol Ar713, delg HaYW 63 ZFelly
g7 7ol Q7R v AoE Hol, HIul I
BAZAZHE alHFA Y FFAE A2 2ol
g 1§73zl o] Hgolge F A7 A
2A351A Uelhdda sglon”, Wallgren® o]2}
vy d4-g 2ad vk gl Khurana5E 33
nHF EEAAARG DA e E Fin g9 50
Bl 3AE 419 61%)lA SRS AYe
U, delE Ha Jd St e 87l A
#EA gdckxn sgen, 285374 44 54
AR AL FAel ArlEg gt ALAA
of A& wiAtez ¥ 2 R FEAA
At Aol A BXHRFez JGrlujFe]
gt dgsgiag'?.

2t Melzackg I HEcHe F3A73A19 ojujdt 5
el Bl L 1Al EAeH, § A7 dy4
A dgse] #MA Aoz veldvs Fastg
on'® wa up A 9] zAe $R7R7e] A=
o] glokn FAsg e, oldiiet 2AZ 49
AR FAF A7 GARZe] Aol we} ¥
33, #A%7be] 1E wie il FEAe]r) ol
Awd ole vHIAY zAHdge o AL
A2 512, Bromage®l Melzacks ¢re AHAjollA
FES Z2AE HEoHE TF o7} A=)



Holl Jok92 AAE viE A 55%9] R4
S50l A=A o2 AddAE #ARAE
Adstglctn o

£ AN E ai3A e A dagle] B
Zto] WAEE ol A EoA AFE FFAT
219 ZAA7E Faft dEE vk FAel
e ZAaE Ho F} Prevoznik®} Eckenhoff+=
$FA7F A A7 HEde] nAgxelA 3
| zk7te] wrAEle AR A 94l ozt o
A Uy ASe BA ZZe] FEHA gedtn ¥
Fouth, B Age Az olshe e $E4179
kel 917 Aol #aE vtE FH FHellx 50%
7} @ 3R}l A #A)7H7he] 7 it Prevoznik
%} Eckenhoffoll 2]} tetracaine £ 3~5% ¥ &
FAZAGo] Yepdoia $EY v U3, £ Ay
ZAd A A FYF A2 AMAE vHEE
bl Alzbe] 1235 welle A2z geug §F
AR AR ele g H ey Ak
og 4 3, FFAA NG Y AT gx7
9 W) AAHA AL obde & F Uk =W
oA FUARE thelg H AFNE 94 108F
sHollA 8RS =rle ALz Hol ulHA F
g FA 2A g H AGANNE $AZze] UE
g F 4SS & F Ut ol AdfellA ol
3A19) ZAlell o BA] Ao wy sHsAE W
A & T gdov, A A9} fBaio] glo]
= #Xg7e] wAsie ZAo® Hol Melzacky}
Loeser?] FANZE vl oA ¥e EAlsiy F341
AN edEz)del HEalHel o wHE
A& sHsAol A’

FEAZAA Nl ojwdk Al st} Y@
7170l EAgel dift HAHY FA= WpAg
ek AR =, Melzackzt Loeserv 4% 38lA why
g A K A o3t ¥ BRI Fo] £ U
Ehtsdl, ol Hu He oW H9jel ARFFE
Azt Fed 71z #A4Y Aojetn £
At B, AANAGGANA Ao E A
& Ae BA7te] £F APAG" 7. ol &
ZHzto] dBR 4F 7ol A 4£A4ElE Zo|
HEolu} Ui AT, T2 HedFdd guasd
o] o} Hioll wxAZe dF Fel st 7}
HA A w7 Ksl A Foby Gl o a2z}

3 & 9 62 : HpuHF @A 1139

7ol iYe] A 7+ Yed¥s) el Fdige
2 8] #AR g F5E = s A
o2 494 T 3t} Robertse F-F4F AL 4
g2 761d0] At F A HEalNA AR F
o] Uehdg Earghul gla'®, ol olAel gid 3
Agoll A% Pgol s A ¢ FFAA
Alell ZAEF-E guidd. AR, FE5 A
A FFE A ARAL Sl o 54
AE, 7IE 9 F Uk B2RAAY &4 A
Fo FEAE AN o4 AR B
A3 e REEE Hstn FFARA F
AE PAded E48 F9 7eF 559 A=
& FAAUGT A AR AR A FeA
A F5& U BAClA S4AFol o gol
wAgse”, 4G AHY ARAGE & A
F AdFe LAe FFE AAH o2 FdT
At Y. ol EFAEI FFAR A

A FFAH N 2Fe] kA Wt Y

olun], oj2d HA4-E FAY FFAULL] YAt
o 2l3led A E F4E 5 J2F v

AgHoz Az g 3 Hd F2+e
dorsal column-medial lemniscus system S 2 e A
o ol HEggelld Y AAANEEE 9
27424 oA gEx ok e 43§
9 HFA4z AEEL FFAEE AR

%o Re9] 77 HAolxs HoJdr) Stilling's
mucleusell v HFFA4Z AMEEFES 715 A
0] 52 IAFAAUY 75 AR USE Yok
o0, m g7zt i bEe exeiRe Hea
A2 AEAT alm 234 AE o] ventrolateral
funiculus2] FH ol x4 HFA42 G A Ee
A B2, Clark’s nucleus® 374242 28
YukR g gl 49 ARAE AL FLE
ARAD. o)} o] HF UoME LH7AZ
& Adsle ARAAIY g EAlE, ol F A
FAZZ AEELE 55F Y BT oldet 3
$77te] AgolE Fejsinz Y4 T FFol
Ae ASol A=l AR Fadk ey
o] & 742 itk

AL HEolld Ftad WHtE deod F 3
37wl A A X A= GABA system, epinephrine-2-
alpha,-adrenergic system 5ol 88 £ 4 glon,



1140 oigtol¥ sl A133H Al63 1997

ulFHAle 2t7 EEldEEe BAe] dam ALy,
HHFHRWe] B2, F5E0] tt2uz #1747
Hyg TG FFAZANA =389 A a7
Ztel Waoll dgkg v s FE Qo B
A F3ld wA Ax Aol 23 GABA system
ol tidt ZF-g-o|}, epinephrine 7tAloll 2%t alpha-
adrenergic systemel] thdh zH-8-2 3x)7hz}e) whdo)
FEFE VXA ZE¢E ¢ F D, A4dn 3R
7ol WEe] AAYUE AL Hol i o
FE3AZANY tLA Y Wt Fades Az
T AR} HFALE AR, a=a A4AE
5= 2934 55 dE9E Zo) oz §
Z9 A 93 olE AMES ZFEe JFFe
xele] o]4E& stAAlso] o]Re] #x|AZtoln}
AAFE 4o F Jde FHAFAY Juid e
A7 4 7HeAL At

ol el AFollA %A 772 HIul e 24
ot A glolx AYHE + gleon, o] g4
o =7}t 58 Hdslgrt. ol Melzacko] F3
SR FFRARA EAlsy el A Ful2 o)
A8 eFEo] AAPRLew ARG A AA
gl oleidt Puldd Aol Heg e o i
HelA dolrisrte] dRE g dysolor &
Au|glE #AlF sl Aol

F n 2 #

1. Prevoznik SJ, Eckenhoff JE: Phantom sensation during
spinal anesthesa. Anesthesiology 1964; 25(6): 767-70.

2. Melzack R, Bromage PR: Experimental phantom limbs.
Exp Neurol 1973; 39: 261-9.

3. Bors E. Phantom limbs of patients with spinal cord
injury. Arch Neurol Psychiat 1951; 66: 610-31.

4. Henderson WR, Smyth GE: Phantom limbs. J Neurol
Neurosur Ps 1948; 88: 112.

5. Sunderland S: “Nerve and nerve injuries.” Living-
stone, Edinburgh 1968; 453-457, 486-500.

6. Wallgren GR: Phantom experience at spinal anesthe-
sia. Ann Chir Gynaecol Fe 1954; 43(Suppl. 40): 486-
500.

7. Wall PD, Melzack R: Textbook of pain. 3rd Ed. Edin-
burgh, Churchill Livingston. 1994; pp659-661.

8. Bromage PR, Melzack R: Phantom limbs and the body
schema. Can Anaesth Soc J 1974; 21(3): 267-74.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

- A998, AR E, AAF, ZES, el AAAEG +¢

Al AR & AAcdol 2% ¢F AL FEAA. uR
b 783 A 1993; 26(5): 966-70.

AEE, o128, U 23 AR A F 4R E
Aol the 4 4. ik & 2l st ek 2] 1979; 14:
225-64.

2YE, 9, AT, AYA, ARl A - Aol
7ol 47 o SR A d4E 2 aigA
o382 1991; 26: 1250-8,

Khurana S, Singh CV, Chhabra B, Kamra GL: Phantom
limb sensation under subarachnoid and epidural anal-
gesia-a comparative clinical study of two hundred cases.
Can Anaesth Soc J 1979; 26(2): 114-6.

Melzack R: Phantom limb pain. Anesthesiology 1971;
35: 409-19.

Melzack R, Loeser JD: Phantom body pain in para-
plegics: Evidence for a central “pattern generating
mechanism” for pain. Pain 1978; 4: 195-210.
Tessler MJ, Kleiman SJ: Spinal anaesthesia for pa-
tients with previous lower limb amputations. Anaes-
thesia 1994; 49: 439-41.

Mackenzie N: Phantom limb pain during spinal anes-
thesia. Recurrence in amputees. Anaesthesia 1983; 38:
886-7.

Murphy JP, Anandaciva S: Phantom limb pain and spi-
nal anaesthesia. Anaesthesia 1984; 39: 188.

Roberts JG: Return of the phantom. Anaesthesia and
Intensive care 1993; 21(1): 123.

Woolfe CJ, Wall PD: The brief and the prolonged
facilitatory effects of unmyelinated afferent input on
the rat spinal cord are independently influenced by
peripheral nerve injury. Neuroscience 1986; 17: 1199-
206.

Woolfe CJ: Evidence for a central component of post
injury pain hypersensitivity. Nature 1983; 306: 686-8.
Wall PD: The prevention of postoperative pain. Pain
1988; 33: 289-90.

McQuay HJ, Carroll D, Moore RA: Postoperative
orthopedic pain-the effect of opiate premedication and
local anesthetic block. Pain 1988; 33: 291-5.
Tverskoy M, Cozacov C, Ayache M: Postoperative
pain after inguinal herniorrhaphy with different types
of anesthesia. Anesth Analg 1990; 70: 29-35.

Bach S, Noreng MF, Tjellden NU: Phantom limb pain
in amputees during the first 12 months following limb
amputation after peroperative lumbar epidural block-
ade. Pain 1988; 33: 297-301.

Kandel ER, Schwartz JH, Jessell TM: Principles of
Neural Science. 3rd Ed. New York, Elsevier. 1991;



26.

27.

pp360-362.

Milne RJ, Foreman RD, Willis WD: Responses of
promate spinothalamic neurons located in the sacral
intermediomedial gray(Stilling’s nucleus. to proprio-
ceptive input from the tail. Brain Res 1982; 234:
227-36.

Willis WD, Trevino DL, Coulter JD and Maunz RA.
1974, Responses of primate spinothalamic tract neu-
rons to natural stimulation of hindimb. J Neurophysiol

3 & 9 6 HyaiAF §A7T 1141

1974; 37: 358-72.

28. Applebaum AE, Beall JE, Foreman RD, Willis WD:

29,

Organization and receptive fields of primate spino-
thalamic tract neurons. J Neurophysiol 1975; 38:
572-86.

Willis WD, Coggeshall RE: Sensory mechanisms of
the spinal cord. 2nd Ed. New York, Plenum press.
1991; pp334-336.




