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Sympathetic effects of manual and electrical acupuncture of the Tsusanli knee 
point were evaluated by thermography in 19 normal subjects under the same proce- 
dure used in a previous study using the Hoku hand point. A generalized long-lasting 
warming (sympathetic inhibition) effect was observed under manual and electrical 
acupuncture of the Tsusanli point. In addition, a segmentally related short-lasting 
cooling (sympathetic activation) effect occurred with Tsusanli electrical acupuncture 
only. The warming effect is consistent with the results of the Hoku study and appears 
to be a central sympathetic inhibition evoked by acupuncture. The cooling effect was 
segmentally related to the acupuncture site in both studies. This cooling effect most 
likely reflects a segmental activation of vasomotor spinal reflexes and not a general 
emotional arousal. These sympathetic mechanisms may be functionally correlated 
with central and peripheral mechanisms of acupuncture analgesia. 0 1986 Academic 

Fwss, Inc. 

INTRODUCTION 

Although acupuncture analgesia has been studied extensively, very few 
systematic control studies have examined acupuncture sympathetic effects. 
Kaada ( 17) reported widespread vasodilation in the human induced by low- 
frequency transcutaneous nerve stimulation, an acupuncture-related tech- 
nique. In pharmacological studies, he demonstrated the participation of cen- 
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tral, serotonin-mediated sympathoinhibition, which was not antagonized 
by conventional low doses of naloxone ( 17, 18). In addition, the effective- 
ness of acupuncture analgesia has been reported to correlate with the degree 
of cutaneous vasodilation (29). Our purpose was to evaluate, in a control 
study, the sympathetic effects of acupuncture as evidenced by skin tempera- 
ture changes. The site of stimulation as well as the acupuncture technique 
were taken into account, because differential effects were expected, as had 
been suggested by analgesic studies. Manual acupuncture induces long-last- 
ing generalized, opioid-mediated analgesia (3, 8, 26) and transcutaneous 
electrical stimulation induces transient segmental nonopioid-mediated anal- 
gesia (8,27,33,37). The mechanism of footshock-induced analgesia (FSIA) 
has been shown to be dependent on the body region shocked: front-paw 
FSIA was opioid-dependent whereas hind-paw FSIA was nonopioid-depen- 
dent (38). 

In a preliminary report (24) we demonstrated by thermography a skin tem- 
perature (T&k) rise in both hands of three subjects after unilateral Hoku man- 
ual acupuncture, which suggested a sympathetic inhibitory effect. To verify 
and further evaluate this effect, a control study of the effect of manual and 
electrical acupuncture of the Hoku hand point was undertaken in 19 normal 
subjects (11). The Tsk of three different areas of the body-face, hand, and 
foot-was recorded. The results showed a combination of two sympathetic 
effects as follows. 

(i) A generalized long-lasting warming sympathetic inhibitory effect, 
which was stronger with MA than with EA, and which predominated in the 
face area. The participation of a segmentally related sympathetic inhibition 
could not be ruled out upon the assumed neural connections between the 
Hoku hand point (C7) and the face area (spinal trigeminal tract) (10). 

(ii) An initial short-lasting cooling sympathetic activation effect which ap 
peared in the feet for both MA and EA, and in hands only in EA. This sympa- 
thetic activation is consistent with the emotional stress associated with acu- 
puncture initiation, but may also represent a segmentally related sympa- 
thetic activation evoked by EA only. 

Because that study did not permit differentiation between spinal and cen- 
tral effects, nor did it give any information as to the specificity of action of 
the acupuncture point, we continued the experiment with a different acu- 
puncture point, nonsegmentally related to the Hoku point. The Tsusanli 
knee point was selected, because it is, together with the Hoku hand point, 
one of the most commonly used points in acupuncture treatment (2,2 1,23). 

The double sympathetic effect (1 l), which may partly account for the con- 
flicting results in the literature concerning acupuncture sympathetic effects 
(7,2 l-23,25), is discussed in light of the mechanisms of action of acupunc- 
ture analgesia. 
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MATERIAL AND METHOD 

The procedure was fully described in the previous report (11). Nineteen 
normal subjects (32 f 8 years old, 17 female and 2 male) participated in a 
total of 95 sessions in five conditions: control, Hoku MA, Hoku EA, Tsusanli 
MA, and Tsusanli EA. The Tsusanli conditions were studied 3 weeks after 
the Hoku conditions. The Tsusanli sessions were conducted at l-week inter- 
vals, at the same time of day for each subject, and were randomly distributed. 
The subjects were instructed not to eat, drink, or smoke at least 2 h prior to 
the session. A specially designed air conditioner maintained the experimen- 
tal room at a constant temperature of 23°C with minimal air draft. Ambient 
temperature constancy was monitored every 5 min through temperature 
probes placed on each side of the subject. The subjects rested in the experi- 
mental room for 20 min prior to the initiation of the temperature recordings 
to stabilize physical and emotional states. 

Temperature of hands, feet, and face were recorded by an infrared color 
thermograph (Inframetrics, model 525). Description of the equipment was 
detailed elsewhere (24). Each session lasted about 1 h. After the 20-min rest 
period, color slides of the thermograms of the left and right hand dorsa, the 
left and right foot dorsa, and the face were taken every 5 min for 30 min. 

In the acupuncture sessions, a sterile Chinese acupuncture needle was in- 
serted in the left Tsusanli point (motor point of the tibialis anterior muscle, 
1 cm below and 2 cm outside the tibial crest) (2) immediately after the first 
temperature recordings and was removed 15 min later (t,=,). This is similar 
to the Hoku sessions, during which the acupuncture needle was inserted in 
the first intermetacarpal space of the left hand. Temperature recordings were 
continued for another 15-min period (tSO). MA consisted in twirling the nee- 
dle between temperature recordings, until the subject experienced a painful 
sensation. EA was delivered to the acupuncture needle by a constant current 
stimulator. Rectangular, 0.8-ms pulses at l-Hz frequency were delivered at 
an intensity strong enough to evoke muscle twitching and the sensation of 
tapping or pounding just below pain threshold (7 to 15 mA). 

In the control sessions, the subjects were resting quietly during the entire 
period of temperature recordings (30 min). 

Data were collected by the method described elsewhere (I 1). The mean 
Tsk of each body segment was calculated by averaging the temperature of 
standardized smaller areas, including forehead, nose, and cheeks for the face, 
phalangeal, metacarpal, and carpal areas for the hand, and phalangeal, meta- 
tarsal, and tarsal areas for the foot (1 I). Left and right hands, as well as left 
and right feet, did not show any statistical difference in Tsk changes. There- 
fore, they were analyzed, respectively, as a unit by averaging the tempera- 
tures of the left and right extremities. 
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TABLE 1 

Face, Hand, and Foot Basal (tc) Skin Temperatures in Five Conditions” 

Control 
Hoku 
MAb Hoku EA 

Tsusanli Tsusanli 
MA EA 

Average 
of five 

conditions 

Face 33.9 + 0.4 33.5 f  0.6 33.6 + 0.6 33.8 + 0.5 33.8 f  0.4 33.7 * 0.1 
Hand 32.6 Z!T 1.5 32.2 + 1.7 32.0 + 1.5 32.5 + 1.4 32.1 + 1.7 32.3 + 0.2 
Foot 30.6 + 1.6 30.4 + 2.1 30.4 + 1.5 30.2 + 2.4 30.1 + 2.3 30.3 + 0.2 

’ Values are Z+ SD degrees Celsius. N = 19 in each condition. 
b Abbreviations: MA, EA-manual, electrical acupuncture. 

Tsk changes were calculated at 5, 10, and 15 min by subtracting values 
carefully determined previously in a control session (11). 

A three-factor analysis of variance compared Tsk changes in the face, hand 
and foot, in 19 subjects, at 5 min (ts), 15 min (t&, and 30 min (t& after the 
beginning of the T* recording, and within five conditions (control, Hoku 
MA, Hoku EA, Tsusanli MA, and Tsusanli EA). Planned paired compari- 
sons (LSD Fischer test) were made among the means (20). The criterion of 
significance was set at P < 0.05. 

RESULTS 

Table 1 shows that the initial mean Tsk (to) of hands, feet, and face in the 
Tsusanli sessions was similar to those in the Hoku sessions (11). This indi- 
cated that the 20-min rest period was adequate to establish homogenous 
basal Tsk within all five conditions, and supported the validity of the compar- 
isons between the Hoku and the Tsusanli acupuncture effects. The analysis 
of variance indicated that all effects and interactions were significant within 
the five conditions (Table 2). The effects of Tsusanli acupuncture are shown 

TABLE 2 

Significances of Effects and Interactions of the Three-Factor Analysis of 
Variance within All Five Conditions 

F P 

Type X cond. 2.312 0.024 
Type X cond. 6.678 0.001 
Type X cond. 4.546 0.001 
Type X cond X time 1.570 0.016 

Note. Type: Hand, foot, face. Time: tS , tIs, tw minutes. Con& Control, Hoku MA, Hoku EA, 
Tsusanli MA, Tsusanli EA. 



ACUPUNCTURE SYMPATHETIC EFFECTS 3 

in Fig. 1. Tsusanli MA induced a generalized warming effect which was maxi- 
mum at the end of the session (15 min after acupuncture termination) and 
was most significant in the face (LSD = 0.70; P < 0.001) less significant in 
the hands (LSD = 2.0; P < O.Ol), and did not attain the criterion of signifi- 
cance in the feet (LSD = 1.2; NS). 

Tsusanli EA induced two kinds of Tsk changes: a Tsk increase in the face 
which was maximum at the end of the session (LSD = 0.70; P < O.OOl), and 
a segmentally related Tsk decrease in the feet which was maximum initially 
(LSD = 0.91; P < 0.01). 

Comparison of the mean Tsk changes between Tsusanli MA and EA indi- 
cated that MA induced a significantly greater Tsk increase in the face and 
hands than did EA. Opposite Tsk changes were produced in the feet, i.e., 
increased Tsk with MA and decreased Tsk with EA. 

Tsk changes with Hoku hand point acupuncture and Tsusanli knee point 
acupuncture are compared in table 3. The MA of both points induced a Tsk 
increase that was maximal at the end of the session (t&, most significant for 
the face (F(4,72) = 24.26; LSD = 0.70; P < O.OOl), less significant for the 
hands (F(4,72) = 3.07; LSD = 2.0 1; P < 0.0 I), and did not attain the criterion 
of significance for the feet (F(4,72) = 2.77; LSD = 1.3; NS); the only statisti- 
cal difference between the MA effects of both points appeared in the magni- 
tude of the Tsk increase in the face, with the Hoku hand point yielding the 
strongest effect. The EA of both points induced a Tsk increase that was maxi- 
mal at the end of the session and most significant for the face; again the 
face Tsk increase was significantly greater with the Hoku point than with the 
Tsusanli point (F(4,72) = 24.26; LSD = 0.70; P < 0.001). Opposite Tsk 
changes were found in the hands and feet: in the hands, Hoku point EA 
decreased Tsk, whereas the Tsusanli point EA increased Tsk (at tS); in the 
feet, the Hoku point EA increased Tsk, and the Tsusanli point decreased the 
Tsk (at ho). 

DISCUSSION 

Compared with the control condition, Tsusanli MA and Tsusanli EA in- 
duce a generalized long-lasting warming (sympathetic inhibition) effect, 
which is distributed according to a craniocaudal gradient, i.e., a maximum 
effect in the face, which is stronger With MA. In addition, Tsusanli EA in- 
duces an initial segmentally related cooling effect (sympathetic activation) in 
the feet that decreases during the remainder of the session. 

The finding of a central warming sympathetic inhibition (generalized 
warming effect) confirms previous results with the Hoku point ( 11). The sim- 
ilar temporal course and spatial distribution after stimulation of either a knee 
point or a hand point is consistent with the hypothesis of the activation of a 
central inhibitory system. The somatotopicity of this system is unrelated to 
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FIG. 1. Mean skin temperature changes during manual and electrical acupuncture of the Tsu 
sanli knee point, with the control values as reference (N = 19). 
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TABLE 3 

Mean Skin Temperature Changes’ 

Hoku point Tsusanli point Comparison of points 

Manual acupuncture 
Time: 5 min 

Face 
Hands 
Feet 

Time: 30 min 
Face 
Hands 
Feet 

Electrical acupuncture 
Time: 5 min 

Face 
Hands 
Feet 

Time: 30 min 
Face 
Hands 
Feet 

+0.9 k 0.06*** 
+0.4 f  0.3 
-0.4 f  0.2 

+1.6?0.1*** 
+2.3 + O.S** 
fl.1 +0.6 

+0.6 + 0.09*** 
-0.9 f  0.4* 
-0.9 f  0.3* 

+1.5 +0.11*** 
+1.5 &0.7* 
+1.5 +0.7* 

+0.8 f  0.5*** 
+0.8 + 0.2* 
+o. 1 + 0.3 

+1.2 + 0.6*** 
+2.0 f  0.6** 
+1.1 kO.7 

+0.7 + 0.2*** 
+0.5 + 0.2 
-1.1 ?0.3* 

+0.8 f  0.6*** 
+0.4 f  0.5 
-0.6 f  0.4 

NS 
NS 
NS 

** 
NS 
NS 

NS 
*** 
NS 

*** 
NS 
** 

’ Control values (“C were) used as reference for comparisons by the t test. 
*P< 0.05. 

**P<o.ol. 
***P<o.ool. 

the site of peripheral stimulation. This effect was suggested by the Hoku 
study (1 I), but a segmentally related inhibition could not be ruled out on 
account of the putative segmental connections between the innervation of 
the hand point and the face (10). However, a segmental reinforcement of 
this inhibitory effect is suggested as the Hoku acupuncture yields greater Tsk 
changes than the Tsusanli acupuncture. It is of interest that the strong sym- 
pathetic effect observed in the face after the Hoku point acupuncture is in 
agreement with the well known specific cephalic target action of this point 
(2), which has been used in numerous studies of orofacial analgesia in man 
and in other animals (35). 

Our results also clarify the mechanism of EA sympathetic activation ob- 
served in the Hoku study, i.e., Tsusanli knee point EA decreases selectively 
the foot Tsk, indicating a segmentally related response and not an effect medi- 
ated by a generalized emotional arousal. This sympathomimetic effect prob- 
ably represents the activation of segmental vasomotor reflexes (5). This is 
consistent with Procacci’s findings (3 1) that demonstrated a segmental sym- 
pathetic reflex by inhibiting skin potential response in both ipsilateral and 
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contralateral limbs, after unilateral sympathetic block. Bilateral connections 
on a segmental level of the sympathetic innervation are also evidenced by the 
well known “mirror image” of reflex sympathetic dystrophy, which shows a 
contralateral extension of the dystrophic process. The short duration of the 
sympathomimetic effect may be accredited to the development of an adapta- 
tion to repetitive stimulation. However, adaptation of the preganglionic re- 
flex to repetitive stimulation of alferent fibers in spinal nerves is reported to 
begin at a stimulation frequency of l/s and to be completed at rates above 
5/s (5). An alternative possibility involves a depressive effect exerted by the 
“specific” sympathetic inhibitory effect of acupuncture. It is interesting to 
note that the segmentally related spinal activation of the sympathetic ner- 
vous system explains the observation found in the literature reporting an 
exacerbation of the sympathetic dystrophy symptoms after transcutaneous 
electrical stimulation treatment (1). The relation between segmental sympa- 
thetic activation and segmental spinal analgesic system (27, 37) has not yet 
been investigated in the literature. 

Although the literature relative to interactions between pain control and 
the sympathetic nervous system is limited, there is evidence of a relationship 
between both functions. The sympathetic nervous system has been shown to 
play a significant role in the stabilization of the cutaneous pain threshold in 
normal man (14). Several analogies between peripheral sympathetic vaso- 
motor tone and pain sensation have been reported: thermography studies 
identify chronic pain areas as cold spots and acute pain areas as warm spots 
(12, 36, 39). Dorsal column stimulation has been associated with a TsL in- 
crease in the region of analgesia (13). The somatotopically organized analge- 
sic system found in the midbrain region of the rat mirrors the cephalocaudal 
gradient distribution of the sympathetic inhibitory effect observed in our 
study (32). 

Acupuncture analgesia may be mediated at least partly by the central en- 
dogenous opioid system (3,8,26, 30). Anatomical, physiological and phar- 
macological observations indicate common features of the central endoge- 
nous analgesic system and the thermoregulatory function. Opiate receptors 
are found in high concentration in the brain stem and in the hypothalamic 
thermoregulatory centers (4, 16, 34). Electrical stimulation of the nucleus 
raphe magnus has been shown to produce analgesia (28) as well as to inhibit 
thermogenesis (9). Serotoninergic systems implicated in acupuncture analge- 
sia ( 15) are believed to be part of the central thermoregulatory pathway (6). 
Administration of morphine and endorphin intravenously and intraventric- 
ularly has produced hypothermia secondary to peripheral vasodilation and 
depression of the thermoregulatory center (19, 40). This strongly suggests 
that endogenous opioid systems may be involved in acupuncture sympa- 
thetic inhibitory effect. 
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In conclusion, the sympathetic effects of acupuncture found in this study 
are temporally and spatially similar to two separate acupuncture analge- 
sic mechanisms: (i) the finding of a long-lasting generalized sympathetic in- 
hibitory effect with MA is correlated with the generalized endogenous opioid 
analgesia found after MA (3, 8, 26); (ii) the short-term segmentally related 
sympathetic excitatory effect associated with EA is correlated with the seg- 
mental spinal analgesia found with transcutaneous electrical stimulation 
(27,37). 
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